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Given the uniqueness of this joint International Grassland and Rangeland Congress it is fitting that the Chairs of these twoorganizations give their opening address jointly . It is also appropriate that the events and actions that have lead to this jointevent are recorded .
From the earliest of beginnings , our global grazing lands have been essential to human survival . Our relationship with grazinglands has been increasingly exploitive , but there is now a slow reawakening of our interdependence with the many servicesprovided by grazing lands . Sustaining the natural capital of our grazing lands is crucial , as these areas represent a very largepart of our global terrestrial ecosystems . This challenge is grounded in the socio‐economic expectations of land users andnations .
Over time , research and development in our global grazing lands has evolved into highly specialized areas . A reductionistemphasis has lead to the understanding of underlying functions and mechanics of grazing lands . This has underpinned increased
productivity and product quality in pasture and harvested forages . In contrast , work in rangeland ecosystems has been moreoriented towards integrative ecology and sociology . This difference in emphasis lead to the separation of the InternationalGrassland Congress ( IGC) and the International Rangeland Congress ( IRC) in the １９７０s .
Ironically , since then many common areas of interest have emerged in environmental and social concerns , ecology andmultifunctional uses of our grazing lands . Increasingly , new bridges are needed to provide interaction and synergy betweenthose people working in rangelands and grasslands .
By the １９９０s a groundswell of interest in closer coordination between ICG and IRC was surfacing . Delegates at the XVIII IGCin Canada in １９９７ , instructed the Continuing Committee to approach the Continuing Committee of the IRC about the possibilityof a joint meeting of the two Congresses , and on possible eventual amalgamation of the two Congresses . In １９９７ , Bob Clements
( Chair , Continuing Committee , IGC) and Margaret Friedel ( Chair , Continuing Committee , IRC ) met and set out argumentsfor and against a shared Congress with a view to ongoing closer coordination of the Congresses . They suggested that such ashared congress might take place by ２００３ .
In July １９９９ , the IRC met in Townsville , Queensland , Australia . Three motions were put to the delegates as follows : １ ) topromote a more efficient and effective interchange of information on all aspects of range and grassland science , and to meetcommon goals and objectives , the IRC endorses the concept of closer cooperation with the IGC , ２ ) the chair of the IRCContinuing Committee should explore mechanisms for meeting common goals and objectives with the chair of the IGCContinuing Committee , ３) the IRC endorses the concept of a shared conference with the IGC by the year ２００７ and requests theContinuing Committee of the IRC to develop in collaboration with the Continuing Committee of the IGC the framework for ashared Conference program and procedures for selection of a host country . Motions １ and ２ were passed but motion ３ failed topass .
Two years later in ２００１ at the XIX IGC congress in S本o Paulo , Brazil , three resolutions were presented to the delegates at thefinal business meeting , with the first two being the same as the first two at Townsville . The third was : the members of theXIX IGC request that the chair of the IGC Continuing Committee meets with the chair of the IRC Continuing Committee withinthe next １２ months to jointly identify and promote shared activities for meeting common goals and objectives . All threeresolutions were passed unanimously .
Meanwhile , China had submitted an unsuccessful bid for the IGC venue at both the １９９７ and the ２００１ IGC congresses . Interestwas high , however , in developing a bid that would be submitted in Ireland in ２００５ for the ２００９ IGC venue . To this end , VivienAllen , IGC Chair , Gavin Sheath ( Region ５) , Masakazu Goto ( Region ６) and Geza Nagy ( Region １０) traveled to China in July
２００１ to discuss the potential of China being a venue . It was agreed that the Continuing Committee would work with the Chineseorganizers in developing the bid for XXI IGC . Discussions progressed between the IGC Continuing Committee and theorganizers in China over the next several months .
In December ,２００１ Vivien Allen ( chair , IGC) and Jim O摧Rourke ( member of IRC Continuing Committee) attended a meeting inWashington , D .C . It was revealed that the IRC Continuing Committee was anticipating a bid from China for their ２００７ venuewhile the bid under discussion between the IGC and China was for the ２００９ IGC venue . Neither congress had been in China
previously . Thus , both were interested in this location but there were obvious concerns about holding two major international
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congresses on grazing lands just ２ years apart . A possible solution was to combine these meetings , but Motion ３ f romTownsville clearly stood in the way . Much discussion followed with the organizers in China and between the leadership of thetwo congresses .
Thus , in June , ２００２ , Vivien Allen ( IGC chair) and Maureen Wolfson ( IRC president) met in Chicago , Illinois to discuss the
possibility of a joint venue in China for the two congresses . It was agreed that : １) China would be encouraged to submit a bidto both congresses for a shared meeting in ２００８ ( one year out of the rotation for each congress) ; ２) the IRC would pursue otherbids as well ; ３) the IGC would continue to work toward a China venue . In lieu of the failed Motion ３ f rom Townsville , it wasagreed that at the VII IRC in Durban , South Africa in ２００３ , the concept and opportunities of a joint meeting would be
presented to the Delegates . It would be emphasized that this was not a suggestion of permanent merging of these congresses ,but was a unique opportunity of this particular venue . The vote in Townsville would have to be reversed before the ContinuingCommittee could vote on the bid from China . Thus , the delegates would be voting on the concept of a shared venue , not on theacceptance of the bid .
At the ２００３ IRC held in Durban , South Africa , there was interest from the Chinese in a joint congress to be held in ２００８ withIGC in Hohhot , Inner Mongolia , People摧s Republic of China . Following the vote against such an event at the １９９９ IRC inTownsville , considerable lobbying occurred during the Durban congress to convince the membership of the advantages of doingso . The China bid was unanimously accepted . Following the IRC摧s acceptance of the bid by China for a joint IGC/ IRCcongress , the IGC Continuing Committee received a parallel bid from China at the Dublin IGC in ２００５ . The bid was acceptedunanimously . Thus , ８ years af ter discussions officially began in Canada expressing support for the concept of holding a jointIGC/ IRC congress , the bids were accepted and the venue was set for Hohhot in June of ２００８ .
Since late ２００５ , Gavin Sheath ( IGC chair) , Jim O摧Rourke ( IRC chair) and Gordon King ( IRC secretariat ) have worked withthe China Organizing Committee . The fruits of this joint work are evident in the sponsorship gained and the programdeveloped . Global sponsorship has exceeded US ＄ ５００ ,０００ and is derived from a wide range of sources . The lesson‐a jointCongress ensured two similar organizations were not competing for increasingly scarce funding support . The program is a wellbalanced mix of production , sustainability and people themes‐the essence of multifunctional grasslands and rangelands . Thelesson‐we will make best progress in sustaining the world摧s grazing lands and communities when we draw on the best brains andexperience .
This IGC‐IRC ２００８ congress provides an opportunity to build bridges between researchers working in different sciencedisciplines and people who are working to develop sustainable systems and communities in different regions of the world . Whilework involving singular disciplines of study has provided knowledge of greater depth , we also need a better understanding of theinteractions and emergent properties of our grazed ecosystems . The long‐standing principles of ecology , armed with theanalytical power of simulation modeling , has a major role to play in understanding and designing sustainable systems of thefuture .
People must be an integral part of any future system design . They are not observers and their expectations will shape the way
grazed ecosystems will be managed . While some people seek high quality food and a pristine environment , we must recognizethat many other communities simply seek a little more food and economic wealth to survive . Good science must not take a
political position with regards to resolving tensions and managing our grazed lands in a better way . Rather , it must inform thevarious communities of interests . In the end , wise solutions will be a balance of tradeoffs that are based on informed decisionsand actions .
It will be interesting if the desired changes we seek in people will occur voluntarily , or will require incentives and regulations .Like most things in life , a mix will probably be required to ensure the necessary knowledge and motivation is in place .
As we address the urgencies of global warming , a growing global population that demands higher living standards and a betterdiet , social stability , alternative energy sources , and protection of our environment and natural resources , we increasingly turnto our global grazing lands resources to find solutions . New bridges have brought together the IGC and the IRC for the firsttime in history in Hohhot , Inner Mongolia in the Peoples Republic of China . Perhaps history will look upon this as the stimulusfor new collaborations that will lead ultimately to solving these grand challenges .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]3　　　　 瞯

Overview of grassland and its development in China
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Key points :
１ . About ４００ million hectares of grasslands occur in China , which accounts for ４１ .７％ of the country�s total land area .Various types of grassland/ rangeland are represented in China with abundant forage plant resources , but productivity variessignificantly among different types of grassland .
２ . Since the ３０ years of reform and opening up , material progress has been seen in protecting the grassland in China . Thegrassland law and regulations have been accomplished , the grassland management official teams have been enlarged , largeprojects implementation in grasslands have benefited the area significantly , the grassland economy has been growing fast , andthe ability in science and technology has been increased .
３ . Several challenges of grassland development need attention for the development of a grassland industry , including the severesituation of grassland ecology , the marked contradiction between grassland protection and utilization , over population andshortage of grassland resources , the unreasonable exploitation of grassland , the underdeveloped mode of production instockbreeding system , and the natural calamities in grassland area , etc .
４ . China has drafted the developmental strategy of grasslands to define the objectives and steps needed in the future in order to
protect and utilize grassland resources in a reasonable way .
Key words : grassland , protection , development , science and technology , development , strategy
Resource of grassland in China

1 .Area and distributionChina is a country with a large area of grassland . There are about ４００ million hectares of grassland , which account for ４１ .７％of the country摧s total land area , ２ .５ and ３ .３ times that of forest and arable land , respectively .
If we draw a line in the map of China from the Great Xingan Mountain areas to the east side of Tibet‐Qinghai Plateau , we cansee two parts of China , the northwest part and the southeast part . The grassland is mainly located in the northwest area , whichmainly contains mountains and plateaus in the arid and semi‐arid pastoral areas . The ３２０ million hectare of grassland in thisregion accounts for ８０％ of the country摧s total grassland area . The southeast part , however , is mainly hilly grassland covering
８０ million hectare , accounting for ２０％ of the country摧s total grassland . About ７５％ of the grassland is distributed in the aridand semi‐arid pastoral areas , including Tibet , Inner Mongolia , Xinjiang , Qinghai , Sichuan and Gansu , of which Tibet has thelargest grassland area with about ８２ .０５ million hectare , then Inner Mongolia with ７８ .８０ million hectare , Xinjiang with ５７ .２６million hectare , Qinghai with ３６ .３６９７ million hectare and Gansu with １７ .９０４２ million hectare ( Figure １ ) . The south part ofChina is mainly the agriculture area with few grasslands .

Figure 1 A rea p roportion o f China main grassland region .

2 .Grassland types and resourcesChina , with a vast territory , encompasses the tropical , subtropical , warm‐temperate , mid‐temperate and cold‐temperate typesfrom south to north . The annual precipitation decreases from ２０００ mm in southeastern coast to below ５０ mm in the west , whilethe altitude increases from １００ m below sea level to more than ８０００ m above . These complex and diverse natural conditionsform a rich variety of grassland .
According to the standards for Chinese grassland classification , it can be divided into １８ categories , namely temperate meadow ,temperate steppe , temperate desert grassland , temperate grassland‐like desert , temperate desert , alpine meadow , alpine
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grassland , alpine meadow‐like grassland , alpine desert grassland , alpine desert , warm tussock , warm shrubby tussock ,tropical tussock , tropical shrubby tussock , drought hot tree‐less grassland , lowland meadow , maintain meadow and marshes .The area of alpine meadow is largest with ６３ .７２ million hectares ,accounting for １６ .２％ of the country摧s total grassland ,following the temperate desert , alpine grassland , temperate steppe , low land meadow , temperate desert grassland and otherswith ４５ .０６ , ４１ .６２ , ４１ .０９ , ２５ .２２ , １８ .９２ million hectares ,accounting for １１ .５％ , １０ .６％ , １０ .６％ , ６ .４％ , ４ .８％ of thecountry摧s total grassland , respectively . The remaining １２ types of grassland are ４０％ .

Figure 2 Ratio o f Chinese grassland ty pes .

3 . Forage plant resource of grasslandThere are ６７０４ forage species belonging to １５４５ genera and ２４６ families . According to the statistics on forage families in China ,there are １００ ＋ species in Legume , Grass , Composite , Sedge , Rose , Goosefoot , Lily and Knotweed families , whilst １２３８ and
１１４８ species belong to the Legume and Grass families , respectively .
Table 1 Forage resources in Chinese grassland .

family species Proportion％
Legume １２３８ 痧１８ 乔.４７
grass １１４８ 痧１７ 乔.１３
Composite ５３８ 乔８ 灋.０３
Sedge ３５８ 乔５ 灋.３４
Rose ２３０ 乔３ 灋.４３
Goosefoot １９８ 乔２ 灋.９５
Lily １９５ 乔２ 灋.３１
Knotweed １４３ 乔２ 灋.１３
Others ２５７８ 痧４０ 乔.３４
Total ６７０４ 痧１００ 痧

4 .Grassland productivityAccording to the statistics of Ministry of Agriculture , the average annual hay production of China in ２００７ was about ７６０ kg /ha , and the livestock carrying capacity was ０ .５９ sheep unit / ha . The Strategies for utilization and protection of the grasslandseparates grassland in China into four parts which are semiarid and arid region in the north , the semi‐humid and humid region inthe northeast , the Tibetan Plateau high‐cold region , and the meadow and steppe in the south . The arid and semiarid region islocated in northwest China ,northern area of north China , and westen area of northeast China with the annual precipitationbelow ４００ mm . Precipitation also following an east‐west‐trend , which is the same trend of productivity . The types of grasslandare mainly temperate steppe , temperate desert grassland , temperate desert . The annual hay productivity is ２００‐１０００ kg / hawith a livestock carrying capacity of ０畅２‐０畅５ sheep unit / ha . The semi‐humid and humid region in the northeast has favorablewater / thermal elements with annual precipitation above ４００ mm and also has high vegetation cover , good grass quality and high
productivity . The grassland type is mainly temperate meadow , warm tussock and warm shrubby tussock . The annual hayproductivity is １０００‐１８００ kg / ha with a livestock carrying capacity of １ .０‐１ .６ sheep unit / ha . The Tibetan Plateau high‐coldregion located in the Tibetan Plateau with the altitude above ３０００ m , has low productivity due to the elevation , short frost free
periods and cold temperatures . The grassland type is mainly alpine meadow , alpine grassland and alpine desert . The annual hayproductivity is １００‐３００ kg / ha with a livestock carrying capacity of ０ .１‐０ .３ sheep unit / ha . The meadow and steppe in the southChina has a relatively warm climate and rich water resources with annual precipitation above １０００ mm . The growing season islong and the productivity is high . The grassland type is mainly tropical tussock and tropical shrubby tussock . The annual hay
productivity is ２０００‐３０００ kg / ha with a livestock carrying capacity of ２ .０‐２ .５ sheep unit / ha .
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Figure 3 Carry ing capacity pattern chart o f di f f erent grassland classes .

Grassland conservation and developmentIn order to protect the grassland and to improve the grassland environment , the national government has been paying moreattention to grassland conservation and development . Since the reform and opening up , especially the entry of the new century ,there are marked progresses in grassland conservation and development .
1 .Grassland law and regulation developmentSince the building of the legal system in China , the first �Grassland Law" was promulgated in １９８５ , and amended in December
２００２ . The Ministry of Agriculture introduced the �the management of grass and livestock" and �practices of grass seedmanagement" , the�management of levy review and approval of grassland requisition" , the �management of collecting licoriceEphedra grass" and some relatively supporting laws and regulations . Inner Mongolia , Heilongjiang , Sichuan , Ningxia , Gansu ,Qinghai , Tibet , and other provinces introduced regulations on the grassland area . At present , the improved grassland law andregulation have been developed , providing legal basis for the grassland management and protection .
In addition , a series of laws concerning the grassland resources and ecosystem protection have been unveiled in China duringthis period , including �environmental protection law" ,�law of preventing and controlling sand" ,�agricultural law" ,�pastorallaw" ,�law of rural land contract" and �wildlife protection law " . These laws provide specific stipulations for the grasslandprotection and management in various areas .
2 .Grassland organization policiesSince the １９８０s , the national government has implemented the household contract system in grassland as a basic policy . It givesthe farmers and herders the right to operate their grasslands independently . Farmers and herders have the initiative of
protecting as well as reasonably utilizing the grassland , which shows their main role in grassland protection and development .At present , ７０％ of the whole available grassland area is in the household contract system .
The policy for grassland protection , forage and animal balance and banning grazing has been implemented by the national
government in order to perfect the management policies . Some concrete measures of improving grassland productivity have alsobeen put forward . At the same time , mechanisms for ecological compensation and resources utilization have been sent forward .
3 .Management team developmentThe governments at all levels are responsible for the management of grassland in China . Since ２００３ , grassland monitoring and
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management has been gradually established and improved from banner ( County ) to provincial and Central governments in themanagement system . At present , more than ７９４ grassland monitoring institutions are located in the country , including nationallevel １ , provincial level ２４ , prefectures‐level １１６ , county level ６５３ , and almost １０ ,０００ grassland Supervisors . Most of theseinstitutions were established af ter the�Grassland Law" was amended and passed in ２００３ . Grassland management agencies at alllevels combat all kinds of illegal destruction to grasslands making them an important force in protecting grasslands . Accordingto statistics from ２００３ to ２００７ , nearly ５０ ,０００ cases of illegal activities occurred , the rising trend of such cases was curtailedeffectively . At the same time , a support team for the development of a grass system has also been initiated . The nationwidenumber of above county level grassland technology promotional agencies is over ９００ , and the technical promotion staff is over
１０ ,０００ . The three agencies , namely the grassland management agency , the law enforcement monitoring agency and thetechniques extension agency , perform their duties and cooperate with each other to promote the development of Chinese
grassland management .
4 . Project development on grasslandSince entering the new century , the national government has been adhering to the scientific development concept andincreasingly investing in the grassland protection . Since ２０００ , the central government has invested more than １０ billion RMB to
grassland vegetation recovery including grass seed bases establishment , grassland fencing , grazing ban on heavy degradedareas , and sandstorm control around Beijing and Tianjin . The project of vegetation recovery was initiated in Inner Mongolia ,Sichuan , Yunnan , Gansu , Qinghai , Ningxia , Xinjiang , Tibet , Guizhou , Xinjiang , and ８ .５ billion RMB was invested from
２００３ to ２００７ . Prior to ２００７ , the paddock area was ３８ million ha , sown pastureland was １０ .８６ million ha and over １６ million hawere occupied by improved grassland . Several major developmental projects have achieved positive ecological , economic andsocial benefits and have promoted the transition of production methods . With the implementation of the project , the grasslandand livestock grazing balancing system , the improvement of livestock breeds and upgrading of management level have beenimplemented at the same time . At present , the country has ２０％ of the grasslands under a grazing banning system and thevegetation recovery has been remarkable .
5 .Grassland industry developmentThe grassland industry includes grassland animal husbandry , grass seed industry , grass production and processing industry andturf industry . Of all the herbivorous livestock products of China , beef production reached ７ .５ million ton , which accounted for
１１ .７％ of the world摧s beef output in ２００６ ; lamb production reached ４ . ７ million ton , which accounted for ３４ .６％ of theworld摧s lamb output ; the production of beef and lamb has increased by ４０ .８％ and ７１ .４％ since ２０００ . Milk output includingdairy cow , goat and buffalo is ３３ .０３ million ton , accounting for ５ .１％ of world摧s output . Milk production of dairy cow is ３１ .
９４ million ton , the number of cows is １３ .６３ million , respectively ３ .８６ and ２ .７９ times as many as there were in ２０００ . In recent
years , the country has built a number of grass seed farms which meet the requirements for the development of grasslands . Atpresent , there are more than １９０ grass production and processing enterprises in China with annual production capacity of morethan ４ .６ million ton . Exports of grass products have also increased annually , becoming the new highlights in export trade . Theturf industry , emerging as a newly developing industry in the past ２０ years , enjoys a rapid grow th . The number of enterprisesin turf industry has exceeded ５０００ . The grassland industry development also benefits many other relevant industries such asfood , textile , leather making , pharmaceutical , chemical , papermaking , energy , pesticide and machinery . This plays animportant role in increasing labor employment and peasants摧 income .

Figure 5 China Bee f and L amb p roduction and Milk yield f rom 2000 to 2006 .
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Grassland science and technology research

1 . Science and education systemAfter ５０ years , China摧s grassland education courses have changed gradually from a single to a comprehensive system withteaching specialist , undergraduate , master摧s and Ph .D . levels . At present , there are more than ４０ institutions with a grasslandmajor with more than １ ,５００ teachers . The number of students in this major is more than １３ ,０００ , of which more than １ ,９００ are
post‐graduate students with more than ４４０ doctoral candidates . While training and educating professionals about grasslands ,these universities take advantage of their situation and make great achievements in scientific research . At the same time ,professional scientific research institutions are also enjoying advancing development . In the late １９５０s , the Chinese Academy ofAgricultural Science and the National Institute of Animal Husbandry in provinces and autonomous regions have establishedforage research centers . In １９６４ , the Chinese Academy of Agricultural Science organized China摧s first national grasslandprofessional research institution‐Institute of Grassland Research in Hohhot , Inner Mongolia . At present , the country hasestablished a National Grassland Research Institute , five provincial‐level Institutes of Grassland , ４ provincial and ministerialkey laboratories , ２０ Grassland Research Centers , ２ National Field Stations . The grasslands scientific research institutions havealso played an important role in educating master and Ph .D students . Professional colleges and scientific research institutionswork together to form the China grassland science , technology and educational system . In addition , the technology promotiondepartments at all levels and enterprises are playing an increasingly significant role in transforming the scientific research intopractice . They actively participate in the relevant scientific research and worker training which has become an importantcomponent in China摧s grassland science , technology and education area .
2 . Innovation capacityAs for the grasslands scientific theory innovation , the China grassland science education fellows have developed a set of
grassland scientific theories , such as grassland ecology , pasture taxonomy , grassland taxonomy , forage breeding , thecultivation of pasture , grassland management , forage seed science , grass production and processing of products , turf‐schoolscience , benefiting from the essence of the grasslands scientific theory in the world . Modern biotechnology , informationtechnology and other advanced applications of science and technology have been applied to continuously improve China摧s
grassland science and technology innovation capabilities . For example , biotechnology has been fully used in forage breedingresearch , molecular biology technology in pasture genetic resources research , remote sensing , geographic information systemsand global positioning system ( ３S technology) , as well as computer technology in grassland resources monitoring and disasterwarning study .
As for the operating mechanisms in grassland science research , technology transfer and educations , there are more and morecommunication and contact in grassland professional colleges and universities , scientific research institutions , technology
promotion body , administrative departments , law enforcement agencies , as well as grass industry enterprises , working witheach other in personnel training , science and technology research , technology promotion , technical service , the integration ofresources to gradually establish and promote the formation of a common development in grassland science and technology ,education and health .
3 .Achievement in science researchAfter the unremitting efforts of generations of grassland science education fellows , we have achieved fruitful grassland researchresults . In the area of forage germplasm resources and new breeding research , we have collected more than １０ ,０００ forage
germplasm resources , and cultivated and audited nearly ４００ new species of forage . In efficient utilization of technology in thegrassland in South , we have worked out a comprehensive way of managing the improved natural grassland , sown pasture andlivestock grazing . In the area of forage seed production and the industrialization of technological research , we have developmethods for cultivation of alfalfa and other forages and the harvesting and packaging technology and related machinery . In thedevelopment of information technology research , the successful application of ３S technology has been used in grassland areasfor monitoring dynamic disasters and early warning , monitoring major projects in grassland development , remote sensing and
quick search of grassland resources , and monitoring livestock balance . In forage biotechnology research , we have worked withthe technology of tissue culture , transgenic breeding , marker‐assisted breeding and other technical problems , and modernmolecular biological techniques to evaluate forage germplasm resources . In turfgrass research , we have implemented research inestablishment and management of golf courses and football pitches , meanwhile positive progress has also been seen in breedinganti‐adversity species . In grazing management research , we have analysed the mechanism of grassland degradation and theimpact of grazing on the vegetation , and tried to optimize the reasonable use of grassland resources . In pest control research ,we have successfully developed a combination method of biological control , chemical control and physical combat techniques .These achievements not only further enrich the theoretical foundation of China摧s grasslands science , but also play an importantrole in grassland management practices .
Current challenges in ChinaAlthough some significant advances have been made in protecting grassland in China and in the education and research areas ,considering the whole picture , the Grassland Industry in China is still at a primary stage and many challenges await us in thefuture and these are summarized below .
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1 . Severe situation of ecologyInfluenced by the natural effects of the global warming and arid climate and some artificial factors , ９０％ of the grasslands inChina show degeneration in various degrees . The sandstorm , desertification and soil and water loss are making the situationsevere . Although there has been some recovery of grassland condition in the major development projects , the deterioratingtrend of grassland condition is not under control .
2 . The protection cannot meet the development and utilization of grasslandIn China , the grassland environment is becoming worse , and needs to be protected immediately . However , the pressure of
population is still high with increasing livestock numbers and unreasonable use . Consequently , while part of the grassland hasbeen protected , the entire area is suffering degeneration . The sustainable development can hardly be realized if the situationisn摧t changed by means of protecting the ecological environment and allowing the vegetation to recover on grassland as soon as
possible . In addition , the economy in the grassland area lags far behind the others which indicate we must accelerate thedevelopment so as to fulfill the goal of becoming a well‐off society in this area . Grassland is the main area supporting a largeamount of poverty in our country , where there is ７０％ of the poor and ７０％ of the rural towns as reported by the NationalStrategy of Poverty Reduction . We all know that the grassland industry is the traditional superior industry in this area , and itis also irreplaceable . Developing the grassland industry , however , would make it more difficult to protect the localenvironment . Hence , only when we manage the protection and the utilization properly , may we implement the development ofecology and economy at the same time .
3 . Population of people and livestock increase with shortages of grassland resourcesFor one thing , the proportion of the grassland is shrinking . Since the last century , grassland in northern China has moved backalmost ２００ km to north and １００ km to west . In recent years , the decrease rate of grassland in China has been １ .５ millionhectares per year and the situation worsens . For another thing , the number of people and livestock on grasslands is increasingevery year . In ２００６ , the number of cattle and sheep on China摧s grassland was ２ .７ times and ３ .５ times , respectively , of that in
１９７８ . Thirty four percent of China摧s grassland are overgrazed , １７％ higher than in the １９８０s . During the recent ５０ years , thepopulation in pasturing areas has grown several fold . Presently , the population in Inner Mongolia , Xinjiang , Qinghai andGansu is ４ .２４ times , ４ .０３ times , ３ .６６ times and ２ .７２ times of that in the １９５０s , respectively , even in Tibet the population ismore than ２ times of that in １９５１ . The grassland provides the basic subsistence for the peasants to produce and survive .However , due to the increasing number of people and livestock and the shrinking area of grassland , there must be growing
pressure and impact on the existing grassland .
4 .Unreasonable utilization of grassland resourcesDue to the economic interests , non‐agriculture uses such as coal mining , collecting grassland wild plants , and illegally utilizing
grassland have not been fully stopped . Since the １９５０s , areas of non‐agriculture uses have totaled about ２０ million hectare . Asa result of little precipitation and the arid climate , nearly ５０％ of these disturbed grasslands have become bare or sandy land .Some wild plants such as glycyrrhiza , Chinese ephedra and caterpillar fungus are removed from the grassland , whichsubstantially reduces the wild plant resources and seriously damages the grassland ecological environment . Still , there isunreasonable exploitation of water in some area , causing the downstream lakes to dry up and the disappearance of oasis andexternal vegetation .
5 . The lagging production mode of animal husbandryThe grassland animal husbandry was under extensive management with undeveloped management and low interests . For a longtime , the animal husbandry mainly relied on natural grassland grazing . Further more , the infrastructure on the grassland areais so undeveloped that the situation of agricultural production relying on nature is unchanged . Scientific utilization of grasslandhas not been effectively implemented in the majority of areas . Sown pastures only occupy less than ３％ of the total grasslandarea . The degradation of livestock breeds and decline in production are obvious . Nevertheless , the economic increase oftraditional grassland animal husbandry depends on the increase in number of livestock which not only damages the grasslandresources but also produces low income .
6 . Frequent occurrence of natural disastersSevere disasters happen in China every year , for instance , grassland fires , pest outbreaks , snowstorms . Over the last decade ,on the average annual grassland fires occurred hundreds of times , and there were ３０ severe fires . Some areas suffer fromrodents and pest , about ４０ million hectares and ２０ million hectares , respectively . Over the past ５０ years , there were over ６０snowstorms and ２６ droughts in Inner Mongolia , Xinjiang , Tibet , Qinghai , Sichuan and Gansu . Frequent occurrence of naturaldisasters causes huge economic losses each year , and the direct economic loss resulting from livestock deaths is several billionRMB .
Grassland development strategyFor reasonable protection of the grassland resources , and the promotion of the ecological , economic and social sustainabledevelopment , China摧s Ministry of Agriculture has prepared a strategy for the future sustainable development of grasslands , and
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proposed the strategic thinking , strategic objectives and strategic measures to protect the building of China摧s grasslands for thefuture .
Strategic thinkingGrassland protection should convert from the dominance of economic benefits to the balance of economic , social , ecologicalbenefits , as well as ecological priorities . Measures should also be taken to promote the conversion of the prairie grassland摧seconomic grow th mode , animal husbandry production and the lifestyle of farmers and herdsmen , to speed up theimplementation of key projects of grassland protection and development , to promote scientific and technological progress andindustrial development , to establish a complete security system to support and enhance grassland sustainable developmentcapacity , and to promote the development of production , affluent life and good ecology for the grasslands .
Strategic objectives

1 . Overall objectiveThrough utilization of fences , grassland improvement , sown pasture establishment , scientific farming , as well as improvedlivestock grazing , resting and rotational grazing and a series of comprehensive measures , we can stop the degradation of the
grassland gradually , we can help the grassland ecological environment continue to improve , make further improvement ofgrassland agricultural and pastoral industry and economic structure , effectively enhance the ability of grassland sustainabledevelopment , complete the support system for grassland protection , and preliminarily establish healthy ecosystems in whichhumans live harmoniously with the natural resources and environment , and finally achieve the goal of �green prairie grasslandanimal husbandry‐up , and the farmers and herdsmen become rich " .
2 . Specific tasksBy ２０１０ , the total area of fenced grassland should reach １００ million hectares , the area of improved grassland ４０ millionhectares , and the area of sown pasture ２０ million hectares . Grazing prohibition , resting , and rotational grazing should be usedin ４０ percent of the country摧s available grassland . The area of natural grassland overstocked with livestock should decrease fromthe current ３４ percent to below ２５ percent . A total area of more than １１０ million degraded , desertified , and salinized grasslandshould be treated .
By ２０２０ , the total area of fenced grassland should be １５０ million hectares , ６０ million hectares grassland should be improved ,and sown pastures should be ３０ million hectares . Accumulated improvement from reducing degradation , desertification ,salinization should be more than １６５ million hactares . Grazing prohibition , resting , and rotational grazing should be utilized in
６０ percent of the country摧s usable grassland . Natural grassland and livestock become balanced , grassland vegetation recovers ,and grassland productivity increases significantly .
Strategic measures

1 . Enhance the government摧s emphasis , and increase investment in the development of the protection of grasslandThe development of grassland protection should be taken into the consideration and be given active support , when governmentsat all levels formulate the economic development planning and industrial development policies . The mechanism in which
government investment acts as the mainstay for investing in the grassland ecological development should be developed . Specialfunds should be established to ensure steady grow th of the developmental input for the protection of grasslands . At the sametime , we should actively encourage domestic and foreign enterprises , social organizations , and the farmers and herdsmen to
personally invest in pasture protection development .
2 . Complete the system of laws and regulations , increase the intensity of the implementation of laws and regulationsAccording to the �Grassland Law " , supporting laws and regulations should be formulated and completed for grasslandprotection , grassland surveys , grassland statistics , grass seed management , and management of grassland occupation and levy .We should speed up revision and perfection of local grassland regulations , improve operability and effectiveness of the law ,strengthen grassland law education , constantly enhance the legal quality of the farmers and herdsmen , and enhance socialawareness of the law to protect grasslands . We should increase the intensity of the implementation of laws and regulations in
grassland protection , be strict in grasslands law enforcement monitoring , and control the illegal destruction of the grasslands inaccordance with the law .
3 . Promote sound grassland household contract system and expedite the implementation of various systems for the grassland
protectionWe should further improve the implementation of the household contract system in grasslands , give the peasants and herdersthe long‐term utilization rights , and fully mobilize their enthusiasm and creativity to protect grasslands . As for the grasslandsunder the contract , we will strengthen the management and standardize the transfer of management rights ; as for the grassland
yet on the contract , we will accelerate the implementation . While continuously improving the household contract system , weare fulfilling the basic grassland protection , grazing balance system , and the reasonable use of grassland resources .
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4 . Plan the protection and major development projectAccording to the �national grassland protection and building planning " , we will speed up nine projects , namely theimplementation of grazing ban , managing the sources of sandstorms in grasslands , vegetation recovery in desertified areas ,
grass seed industry , disaster prevention and reduction , development and utilization of grassland , Grassland Nature Reservebuilding , and nomadic settlement . Strengthening the management of the developmental projects , improving project quality andefficiency , and promoting the grassland ecological restoration and enhancing grassland production capacity , and improvingconditions in pastoral areas of infrastructure allow us to be able to achieve comprehensive economic development in pastoralareas .
5 . Strengthen monitoring and management team and raise the level of management in accordance with the lawWe will establish and improve the monitoring and management of grassland institutions to further perfect the national ,
provincial , prefecture , and county grassland monitoring and management system . We will also improve grassland managementauthority infrastructure and grasslands law enforcement . We would strengthen the grassland professional and technical trainingfor monitoring and management to enhance operational capacity of grassland Supervisors .
6 . Establishing the grassland eco‐compensation mechanism and the paid system in using grassland resourcesOn the grassland ecological protection areas , it is the Government who will provide certain economic compensation to thefarmers and herdsmen to ensure not to reduce their income , and thereby mobilize their enthusiasm in protecting grassland . Atthe same time , also in accordance with the �users pay" principle , we will charge the users of grassland resources .
7 . Develop sown pasture and upgrade the animal husbandry production levelIn rural areas , we have actively promoted the use of food crops and pasture rotation . A �ternary" planting structure has beenestablished and the area of high‐quality forage planting has been expanded . In the agro‐pastoral and semi‐pastoral areas , we willtransform farming land which is not suitable for cultivation to grassland to ease the pressure of grazing on the natural
grassland . At the same time , we will make full use of free land , sloping land , saline land , and low‐yielding farmland , coastalbeach , and other lands which are not suitable for grain production to develop the grassland agriculture .
8 .Accelerate scientific and technological progress and innovationFully concerning the critical technical issues of grassland protection , such as grassland degradation and rat pest control , adaptedspecies in forage breeding , sown pasture development , and ley farming technology , we will strengthen research and strive tomake breakthroughs . Accelerating the promotion of research achievements , and establishing a system with enterprises as themain body , market‐oriented , and the combination of production and technological innovation , we can promote thetransformation of scientific and technological achievements and constantly improve the technological content of pasture
protection . We also attach great importance to enhancing the education level of peasants and herdsmen and giving full attentionto the peasants and herdsmen in pasture protection .
9 . Increase scientific and technological exchanges and cooperation and promote rural development of all countriesWe will continuously expand new areas cooperatively through introducing technology , exchange of delegations and scholars to
give lectures , organizing symposiums , exchanging genetic resources and information in a variety of ways . We will organizeinternational cooperative work to make breakthroughs in�bottleneck" problems .We should help each other , in accordance withthe principle of mutual benefit , to strengthen and expand regional cooperation and to achieve the common development of allnations
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Sustainability and optimization of rangeland uses : issues of perspective and scale
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Key points : Numerous environmental factors that influence sustainable provision of rangeland commodities and ecosystemservices are undergoing rapid , unprecedented change . Stakeholders making claims on rangeland products are increasinglydiverse and contribute to policy decisions that shif t management priorities . Many of the environmental processes andstakeholder demands transcend traditional rangeland delineation . Challenges to sustainability and optimization of rangeland usesemerge as temporal and spatial scales of management expand . Scientific insight regarding these emergent issues is a limitingfactor to adaptive management attempts to reconcile social , economic , and ecological considerations in ways that are compatiblewith sustainability goals . Broadening the scope of scientific inquiry to more effectively integrate issues of perspective and scalecan enhance the effectiveness of adaptive rangeland management .
Key words : sustainability , optimization , ecology , management , policy
Introduction

Rangelands — broadly defined as all uncultivated land with the potential to support grazing by domestic animals — cover about
７０％ of the world摧s land area ( Holechek et al . ２００４) . It is well recognized that the vast rangeland cover type provides multipleproducts and services to society ( e .g . , livestock , wildlife , water , recreation , minerals , forage and other plant products ,aesthetics/ existence value) .
The magnitude of the challenges facing rangeland managers of today is unprecedented in the history of civilization . Many factorsinfluencing rangelands are undergoing a pattern of rapid change , as depicted by the function illustrated in Figure １ .

Figure 1 Exponential f unction re f lecting the rap idly changing env ironmental v ariables that in f luence rangelands .

The y‐axis on the figure is intentionally not labeled . Please pause and think for a moment about what different types ofenvironmental variables could be plotted on the y‐axis to match the function plotted on the graph .
Examples of environmental changes following the pattern of rapid increase illustrated in Figure １ include :

瞯 Global human population ( US‐CB ２００４) . Throughout much of the world the primary factor propelling intensified use ofnatural resources is the increasing consumptive demand associated with the increase in the number of people . Some ofthe most rapid population grow th rates in the world are in the African countries , where semi‐arid rangelands dominate .
瞯 Global food production ( Goklany １９９９) . Increasing global food production has allowed human populations to continueto rise . Most gains in food production are related to expanding the area used for irrigated agriculture , of ten on what hadoriginally been rangelands .
瞯 Water consumption ( UN‐FAO ２０００ ) . Increasing irrigated agriculture is the primary element driving the increases inglobal water consumption and the corresponding reduction in base flow that historically maintained riparian habitats anddry‐season pasture , of ten the most critical component influencing the overall production potential and patterns of use ofrangeland landscapes .
瞯 Soil degradation ( Pimentel et al . ２００４ ) . Increasing cultivation of lands is strongly tied to increases in global soilerosion , waterlogging , and salinization rates .
瞯 Extinction rates ( Pimm et al . １９９５ ) . Increasing land conversion to agriculture and use of water for irrigation are thegreatest sources of habitat loss which , in turn , reduces biodiversity and increases the risk of extinction .
瞯 Atmospheric carbon dioxide ( Keeling et al . ２００５ ) . The dynamics of global climate change are complex , but there isgrowing consensus that rangeland‐dominated high elevation and arctic biomes and water‐limited grasslands and savannas
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biomes are likely to experience the greatest changes to the structure and function of associated ecosystems (Walker etal . １９９９) .
瞯 Combustion of fossil fuels ( US‐DOE ２００７) . Fossil fuel use has many impacts in addition to the increase in atmosphericcarbon dioxide . The mines and drilling operations located on rangelands are a significant source of fossil fuel
production . The scale of disturbance at these sites of ten poses great challenges to maintaining the integrity of theexisting plant and animal communities . Reclamation is often a great challenge on rangelands which , due to climaticconstraints , are often slow to recover . This is especially true when invasive species have colonized the disturbed areasand/ or there has been substantial disruption of water and nutrient cycles .

Numerous other environmental factors are increasing at an exponential rate ; for the sake of this discussion , the key point is thatthese trends illustrate that many of the challenges faced by rangeland managers today are increasingly driven by dynamics thattranscend the temporal and spatial scales that are the current focus of most rangeland management decisions and most rangelandresearch efforts . This mismatch between the scale of relevant processes and the management objectives of local and regionalinterests is a growing challenge to rangeland stewardship . These challenges are further complicated by the fact that theintensity of rangeland use is increasing . Furthermore , the priorities for the products provided by rangeland to society areincreasingly determined by distant stakeholders who do not make their living directly from traditional husbandry of livestock .
Philosophical foundations of rangeland management

The philosophical underpinnings of the rangeland management profession involve the simultaneous pursuit of two goals : １ ) tostrive for sustainable conservation and development of the rangeland resource and ２ ) to optimize the production of goods andservices in combinations sought by society . To implement actions to achieve goals , the goals themselves must be clearlyunderstood . Both of the goals of rangeland management are complex and value‐laden . The concept of sustainability requiresmeeting �the needs of the present without compromising the ability of future generations to meet their own needs" (Brundtland
１９８７) . Stated another way , sustainability means preserving the principal and learning to live off of the interest . This definitionimplies a moral obligation to current and future generations for wise resource stewardship , thereby reflecting a strong elementof ethics . The concept of optimization embodies the belief that it is desirable and possible for humans to shape their environmentto serve their objectives . Optimization also assumes that the mix of goods and services sought by society may change over timeas conditions change . Such changes in preferences are likely to be driven by the host of environmental factors that could be
plotted on the y‐axis of Figure １ .
Getting �ahead of the curve" is a common phrase signifying the need for proactive leadership . It will be very difficult to copewith the implications of the various environmental issues represented by the exponential curve depicted in Figure １ . Eventhough crafting strategic research decisions and management configurations to be responsive to the needs of evolving rangelanduses and policies will no doubt be immensely challenging , it is our duty to try . When facing the great issues of his time ,Abraham Lincoln said ,�You cannot escape the responsibility of tomorrow by avoiding it today ." These words are appropriatefor characterizing the substantial , unprecedented challenges faced by the rangeland management profession today .
Challenges to making the philosophical foundation operational

Is the character of the rangeland profession up to tackling what is ahead ?Stressful situations do not build character as much asthey provide a chance to let shine the character that is already ingrained . The role of values , and the responsibility of scientists ,managers , and policy makers to making those values operative , raises many thorny issues that are highly relevant to
professionals working with rangeland resources . Too often sustainability and optimization are used as rhetorical buzzwords ,assumed to embody generally accepted standards of correctness ( Callicott et al . １９９９ ) . In reality , individual values andexperience influence perception , so there is a wide range of viewpoints about how the ecological , economic , and socialcomponents of the human environment should be melded to achieve sustainability and optimization .
Just as each of the legs on a three‐legged stool must be present and be in balance with the others , so is there a need forecological , economic , and social components to be truly integrated . Each component has something vital to offer to managersand policy makers . Ecology probes the structure and function of biophysical processes upon which all life depends . Economicsaddresses the costs and benefits of consumption , conservation , and development . Sociology considers community and culturalvalues and the social conventions and institutions used to influence behavior . Put another way , ecological and economicdisciplines tend to focus on identifying options and tradeoffs . This information is processed through a social filter to develop the
policy framework within which management must function ( Goodland １９９５) .
A commonly stated objective of rangeland scientific inquiry is to provide information that will improve management and policy .There are many practical obstacles to achieving this objective . Most scientists are trained in highly specific disciplines . Mostresearch is strongly influenced by short‐term (２ to ５ year) planning and budget cycles . Most scientific journal review processesfocus on precision . These factors combine to encourage scientists to conduct efficient experiments that study one or twovariables while all others are held constant . To do this , small‐plot field designs are usually used to enable replication and to
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control variability and cost . Given these issues , it is not surprising that integrated ecological , economic , and social research israrely undertaken at the temporal and spatial scales at which management happens . Consequently , managers and policy makersare often exasperated because most scientific research is not conducted or presented in ways which are relevant to their needs ,and yet , scientists feel they have special insight that entitles them to express their criticism of managerial or policy actions
(Baskerville １９９７) . Furthermore , since scientists , managers , and policy makers are usually the products of highly discipline‐specific graduate programs within universities , it is not surprising that rangeland development projects are oftencompartmentalized to focus on a particular sector and a single discipline . This is of ten done to foster the short‐term efficiency ofcrafting a team who can work together without encountering the sometimes uncomfortable and always time consumingtransaction costs associated with melding cross‐disciplinary perspectives .
Failure to reconcile emergent issues at the interface between the ecological , economic , and social considerations has repeatedlyresulted in management and policy actions that do not achieve the objectives of optimizing yield of rangeland products in asustainable manner . The magnitude of this problem is further complicated by temporal or spatial scale mismatches betweenbiophysical processes and socio‐economic expectations ( Lee １９９３) . When perception is not able to encompass the full range ofprocess , there is a danger that expectation will be incorrect , thus the resource will be degraded . Expectation is an exceedinglydifficult variable for management to deal with because various forms of the term are synonymous with anticipation ( e .g . ,expected forage production on a site based on past experience) , hope ( e .g . , hopeful inaction waiting for cattle prices to rise ora drought to end regardless of whether there is any information available to support or contradict the hoped for condition) , anddemand ( e .g . , expectation that historical livestock grazing use patterns should be maintained regardless of other societalchanges that may alter prioritization of products within the context of multiple use policy ) . When many variables affectingrangelands have the functional relationship depicted in Figure １ , it is unclear how expectations regarding biophysical and socio‐economic factors are likely to interact . The result is uncertain , difficult to predict , hard to change and likely to generateconflict .
To have any realistic prospect of meeting the challenges posed by the rapidly changing future , it is vital that research ,management , and policy formulation be coordinated in temporal and spatial scales which make sense . In space and time ,different issues emerge as scale changes . These emergent properties are endlessly difficult to study and manage . Rangelandscientific inquiry can make progress toward its joint objectives of sustainability and optimization by paying keen attention toissues of scale , as detailed below .
Temporal scale issues

Perception of normal

Management and policy expectation tends to be heavily influenced by experience in the recent past . This puts the resource indanger of being subject to a managerial and political ratchet effect . This phenomenon is initiated when a period of favorableresource conditions is accompanied by a gradual shif t in expectation and an increase in capital investment designed to optimizemanagement of the current level of resource production . When conditions return to a long‐term normal or below normal , thereis often intense pressure for the government to protect the people ( and their investments) who have become dependent on thefavorable conditions being maintained . The term ratchet effect was first coined to express difficulties in managing irregularfluctuations in marine fisheries ( Caddy and Gulland １９８３ ) , but is also applicable to managing irregular fluctuations of rangelandproducts such as forage and water .
The ratchet effect characterizes irrigated agriculture and municipal developments built during a period of several wet decades inthe western U .S . There is intense political pressure to ensure that the expectation of water supply developed during recent wetdecades continues to be met when the water yield returns to the longer‐term normal or dry decades , as represented by dataspanning two or more centuries . The politically expedient solution has been a pattern of transferring more water from wildlandecosystems to agriculture and municipal interests during normal or dry years . This decision is reinforced by the huge economicdisparities that currently exist between different water uses . Water flowing in wildland systems is considered a free good , withreliable legal protection of base flow only in cases where endangered species rely on maintenance of aquatic habitat . In contrast ,for example , １ .２ million liters of water ( １ acre‐foot ) is currently valued for household use at US ＄ １ ,３１１ in San Diego ,California , USA , but is valued at US ＄ １７ when applied to irrigated croplands adjacent to that city . This pattern of waterdiversion has had a significant negative impact on maintenance of in‐stream flow in many ecosystems of the world ( Rijsberman
２００６ ) , particularly in regions dominated by arid and semi‐arid rangelands . Consequently , the sustainability of wildlife ,fisheries , and wetlands in rangeland ecosystems has reached a critical point in many regions of the world ( Lemly et al . ２０００) .In‐stream flow depletion is neither intended nor desired . Nonetheless , it is noteworthy that in‐stream flow has continued toworsen over the last several decades despite widespread public and scientific awareness of growing negative impacts onrangeland ecosystems .
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Perception of change

Many ecological processes occur at a slow , gradual rate that is difficult to perceive within a generational time‐step . Forexample , interrill erosion on shallow sites may slow ly reduce water‐holding capacity . In such an instance , perplexed land usersmay experience an increasing frequency and severity of drought stress ( perceived in the contex t of plant and livestock
performance) compared with what previous generations experienced , even though the meteorological record indicates that thereis no change in the timing or amount of annual precipitation . Encroachment of unpalatable shrubs may also occur over
generations at a rate that is difficult to perceive . Loss of soil or encroachment of shrubs may result in lower forage production ,necessitating the reduction of stocking rate across decades even though the year‐to‐year management seemed prudent ( Thurowand Taylor １９９９) . Obviously , the long‐term management was not appropriate for sustainable livestock grazing if unpalatableshrubs were encroaching and soil was being lost ; management failed because the temporal scale of observation used bymanagement was not sensitive enough to detect biophysical changes that manifest their impacts gradually over the course of
generations .
Similarly , many socio‐economic processes occur at a slow , gradual rate ( e .g . , the value of harvested commodities not keeping
pace with the rate of inflation or life‐style expectation , resulting in a reduced viability of enterprises that historically dominatedthe region) . A gradual change in condition may also set the stage for rapid socio‐economic change . For example , a strugglingenterprise may rapidly collapse in the face of what otherwise would have been taken in stride as a short‐term stress , such as adrought . Or gradual change in public sentiment may build until a political environment is created which suddenly gives way torapid change in policy . For example , the gradual increase in public concern for the environment evolved in the U .S . overseveral decades before the political climate was ripe for enacting over several years a set of new laws [ e .g . , NationalEnvironment Policy Act ( １９６９ ) , Endangered Species Act ( １９７３ ) , National Forest Management Act ( １９７６ ) ] that radicallyaltered management of U畅 S . rangelands .
Perception of risk

Risk tolerance of degradation of biophysical processes differs radically if the management planning horizon is years , decades , orcenturies . For example , friction between ranchers and government officials is often driven by differences in risk tolerance . Arancher must balance short‐term pragmatic financial obligations with long‐term sustainability goals . Therefore , in the earlystages of a drought , the rancher may be willing to accept more short‐term risk of soil erosion or degradation of plant communitythan a government official charged with sustaining long‐term biological production potential . The cumulative effects of ranchersaccepting multiple short‐term risks over the course of several generations , and sometimes guessing w rong , can lead todegradation that , at some point , may result in a self‐perpetuating change and a transition to an alternative ecological state thatis less useful from a human perspective .
Perception of monetary value

Monetary value is obviously highly subjective and is of ten influenced by a temporal context . For example , the time value ofmoney ( discount rate ) is influenced by perceived risk , inflation , and benefits from alternative investment opportunities .Economic theory asserts that conservation will occur when the discount rate indicates that the future potential for benefits isdeemed more valuable than the current demands . However , this is complicated by the fact that human behavior will likely bedetermined on an individual basis , reflecting a unique mix of risk tolerance and the perception of quantitative and qualitativebenefits and costs . In extreme situations , the discount rate may be so high that anything other than meeting immediate needs isunacceptable . Thus , a starving pastoralist will rationally focus on doing whatever it takes to enable immediate survival for himand his family ; future productivity considerations are of zero value if current needs are not met . In a less dire situation , thesame choices can be made , such as the need to make the loan payments to avoid bankruptcy — future productivity of the ranchmay seem of little consequence if there is imminent danger of losing ownership via foreclosure .
Partly because of the values implicit in the discounting detailed above , many economists remain skeptical of whether a focus onsustainability is a useful guide for policy ( Nelson １９９５) . Just as some economists argue that running a deficit is a valid way tomanage a country摧s operating budget , it follows that they reject sustainability due to the relatively small discount rate itimplies . Furthermore , some economic analysis focuses on assessing the value of what is produced , rather than emphasizing theunderlying conditions that make production possible . Ecosystem services are assessed in terms of what is produced for sale .Accordingly , the price of rangeland has been historically set by the value of livestock that could be produced , or , in more recenttimes in affluent countries , by the aesthetic value of the panoramic landscapes used as home sites . The rationale of valuing onlywhat can be sold does not consider the very important non‐marketed services these landscapes provide to society . Theimportance of non‐marketed service considerations were effectively highlighted by the Chipko forest preservation movement ofIndia whose slogan was �What do forests bare ? Soil , water , and clean air ." Ecological economics is a growing field thatattempts to factor in the ecosystem service values in a cost‐benefit analysis conducted at a societal scale , including futurevaluation as well as today摧s market valuations . Ecological and conventional economists clash due to a mismatch in both temporaland spatial scales of their analysis .
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Spatial scale issues

Overlap of management units with conflicting objectives

Many wild herbivore communities migrate , as do traditional pastoralists guiding their livestock . Such a strategy is adaptive formaintaining the flexibility necessary to cope with wide variability in forage production associated with the irregular spatialdistribution of rainfall characteristic of many rangelands . T raditional political boundaries were established to secure resourceaccess rights necessary to cope with the spatial variability of forage production and water distribution . As central governmentstructures were created , other political considerations emerged such as regulation of security and commerce , or provision ofhealth , education , and religion . These new political considerations imposed management units that had little or nothing to dowith natural resource management , thereby undermining the traditional flexible movement patterns and associated managementunits that were developed with long‐term ecosystem function at their core .
Artificial separation of dependent management units

Failure to recognize inherent biophysical connections within a landscape can trigger one‐way chain reactions that create negativeimpacts in other portions of the landscape . For example , this commonly occurs when there is a disparity of managementobjectives between upland and low land systems , such as heavy grazing and timber harvest in uplands increasing downstreamsusceptibility to flooding or siltation . In such a situation , the greatest benefits of conservation or reclamation of uplandresources may be to the downstream interests . It is very difficult to fully assess the serial costs of upstream degradation todownstream interests or the serial benefits of upstream conservation or reclamation to the downstream interests ( Thurow et al .
２０００) . Therefore , if the project area is delineated as an upland site , the off‐site benefits are often not considered in a cost /benefit appraisal of the project . Consequently , the economic viability of a project may vary greatly depending on how the projectarea is defined . Assessing rangeland investments only in the contex t of rangeland products ( a common practice) often does notconsider , or grossly underestimates , the value of the project to off‐site interests . It is of ten desirable to change the scope ofanalysis to include off‐site interests in rangeland management investment decisions , in order to increase the potential forobtaining funds from off‐site stakeholders . A reason for resistance to this practice from ranchers and pastoralists is that the
priorities for rangeland management specified by people living away from the rangelands are often quite different from thepriorities of people making their living from the rangelands .
Dependent planning units also operate disjointedly when natural resource management units are separated by cultural or politicalissues thereby limiting coordination . For example , a road that would aid livestock marketing and herd management in an area
populated by clashing ethnic groups may be opposed by one or both groups because the road could also be perceived to be asecurity liability . Water development placement to optimize resource productivity may be opposed due to a variety of socio‐
political considerations , since removing this previously limiting factor may cause strife in areas that were once not consideredworth contesting . Installation of communication infrastructure may be opposed by established marketing interests who wouldstand to lose profit if there were greater access by pastoralists to timely information ( e .g . , cellular phone systems are helping
previously disenfranchised ethnic groups to access information by skipping over the step that once required politicians fromdifferent ethnic groups to license land‐line installation) .
Demand overwhelming production capacity of a management unit

The increase in the pastoral population , and the concomitant increase in livestock necessary to support these additional people ,has undercut traditional management of communal lands (Brown １９７１) . This is done by individuals seeking to provide for theirpersonal needs through private livestock ownership , while passing on the costs of their livestock grazing pressure to thecommunal unit ( Hardin １９６８ ) . These demographic pressures , in tandem with the scale issues associated with politicalboundaries discussed above , have prompted attempts to reconfigure land use patterns toward systems based on privatization/sedentarization . Systems such as group ranches , grazing associations , or adjudication of previously communal land into
privately owned parcels have generally not been of sufficient size to provide flexibility of movement necessary to cope with theirregular spatial distribution of rainfall and forage production , creating conditions that lead to long‐term degradation ( Ellis andSwift １９８８) .
A mismatch between production needs and plot size is not only limited to poor countries . In affluent countries , a disconnectbetween recreation demand , the quality of the recreation resource ( biophysical limitation ) , and the quality of recreationexperience ( social considerations ) is increasingly causing rangeland recreation amenities to deteriorate . Another trend inaffluent countries is subdivision of ranches into private lots for housing . Many of these new home sites disrupt the ecology ofthe area in that they tend to be located on critical winter range or dry season pasture , thereby disrupting wildlife access tocritical resources within the landscape which had been compatible with traditional livestock production . The homeowners alsotend to be accompanied by pets ( dogs and cats) creating subsidized predator densities far in excess of what could normally besupported . Confining pet herbivores such as horses or llamas to small pastures degrades the cover , creating runoff and water
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quality problems and promoting establishment of noxious weeds that provide seed sources to invade native rangelands .
Experience issues

Different experiences may cause people diverge in their interpretation of the same set of facts . For example , a waving field of
yellow flowers under an open understory of shrubs was viewed as a desirable management goal when a picture of such alandscape was viewed by urban citizens , but was viewed with horror by ranchers who recognized the yellow flowers asbelonging to a poisonous forb ( Hymenoxys odorata DC) and who realized that the open understory of shrubs was created byextremely heavy browse pressure ( S . Whisenant , personal communication) . Perception and interpretation differences based onlack of knowledge can often be overcome with education .
Many terms used by managers and policy makers ( e .g . , drought , health , restoration) are , by their nature , ambiguous . Insuch cases the differences in emphasis and expectation embedded in the definition of the terms may be quite different fordifferent stakeholders , fostering confusion and lagged responses as a result of muddled views . For example , expectation ofinherently variable parameters such as precipitation are influenced by risk tolerance and by the length of time considered in thecalculation of what is normal . Emphasis within the definition of drought is influenced by what is most important to thestakeholder . Therefore an agriculturalist may define drought in terms of when forage or grain production is less than expected ,a hydrologist may define drought in terms of when water level in a reservoir is less than expected , a meteorologist may definedrought in terms of amount of precipitation expected within a period of time , an economist may define drought in terms of when
production declines begin to influence jobs or commerce . Given such diverse perspectives of emphasis , a short‐duration intensestorm may have enough precipitation to end a meteorological drought and may produce runoff to end a hydrologic drought , butmay not help forage or grain production ( agriculture drought ) . Conversely , a small amount of precipitation each day for amonth may enable a large amount of forage or grain production , ending an agriculture drought but may do nothing to end ahydrological drought reflected by tracking water level in a reservoir . Confusion associated with the use of this term fostersinaction and leads to many policy makers portraying drought as temporary climatic aberration , when in reality it is a normal ,albeit unpredictable , climatic phenomenon . This can enable drought being a scapegoat for faulty policies instead of being viewedas something that is a managerial responsibility . It also fosters moral hazard behavior in that lack of response to the risks ofdrought is routinely bailed out by emergency aid predicated on the assertion that a drought is unique and beyond the scope of
proactive policy ( Thurow and Taylor １９９９) .
Adaptive management of unintended consequences

Most managers and policy makers perceive that �resource problems are not really environmental problems ; they are humanproblems that we have created at many times and in many places , under a variety of political , social , and economic systems"( Ludwig et al .１９９３) . It is germane to emphasize that the political , social , and economic systems are not purposefully pursuingresource degradation . Rather , these consequences are unintended . Rangeland managers can learn from classical economicstudies of human decision‐making in markets to appreciate the pitfalls and possibilities of integrating optimization andsustainability goals of resource management . A central tenet of the Adam Smith摧s ( preeminent economist of the １８th century )interpretation of human behavior was that an individual makes decisions intended to promote personal gain , but that in so doingalso promotes unintended consequences . These unintended consequences may be manifest in various ways , either facilitating thesocial good of commerce or setting in motion self‐sustaining biophysical feedback loops leading to desertification . However ,human behavior is not solely driven by an attempt to achieve maximum personal gain in every transaction ; there are also ethical
preferences that modulate the rationale of individual choice ( Harsanyi １９５５ ) . Rather than pure pursuit of self‐interest ( arational fool ) , behavior is regularly altered by the commitment of individuals to non‐monetary values . Exploration of thisduality : the pursuit of immediate self interest and the commitment to broader ethical values , and how it alters behavior , wasthe contribution which won Amartya Sen a Nobel Prize in Economics . Smith摧s and Sen摧s perspectives offer hopeful insights todiscussions of whether sustainability and optimization are useful concepts for rangeland management and policy formulation .
Tactical methods for dealing with the tension between optimizing self‐interest and honoring the ethical values of sustainability
goals in rangeland stewardship and policy often focus on adaptive approaches . Adaptive management is based on the notion thatwe often have insufficient information to anticipate ecosystem responses to human use , as well as inadequate information tounderstand how people make choices relative to their interactions with the ecosystem . Therefore , policy formulation andimplementation is viewed as a process of learning to reconcile seemingly divergent views , with data from scientific experimentsbeing pivotal . Scientists continually modify and augment today摧s research agenda according to what has been learned through
past trials . This includes shif ts in the scale and scope of scientific analysis . Policy formulation is viewed as a series ofexperiments from which lessons can be learned about how to ensure that human activity is compatible with the maintenance ofthe ecosystems services upon which humans ultimately depend . The ultimate role of science in this process is to provideinformation on what is biophysically possible and the environmental tradeoffs associated with balancing provision of multiplerangeland products .
Adaptive management has proven to be very difficult to achieve because the various temporal , spatial , and experience‐based
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perspectives associated with framing a problem , such as those discussed in the previous sections of this paper , may work atcross‐purposes and may mean different things to different stakeholders . It is therefore not surprising that it is ex tremelydifficult to engage stakeholders with opposing priorities into an integrated decision making process . This is further complicatedby many ingrained barriers in government institutions that are not amenable to providing the flexibility necessary for adaptivemanagement to succeed ( Johnson １９９９) . These common barriers to adaptive management illustrate that the limiting factor toresource management is not so much the need to assemble a mountainous accumulation of scientific facts , but rather is thedifficulty of fostering insight into and reconciliation of social , economic , and ecological processes for the greater good ( Lee
１９９９) . These issues must be reconciled at the outset when attempting to form a collaborative structure for management andpolicy to build upon . This is easier said then done . Often the stakeholders attempting to implement an adaptive managementprocess are doing well to coexist but cannot achieve true conflict resolution .
Where adaptive management cannot overcome vested interests working at cross‐purposes against the ethical considerationsassociated with sustainability , there may be a temptation for scientists to become engaged in political discourse intended to helpform policy that will compel intransigent self‐interests to conform to behavior that will be compatible with the greater good .Scientists have understandably been reluctant to engage in overtly supporting political agendas because of the fear of losing aclaim to objectivity , thereby encouraging opposing groups to question their credibility and disregard the scientific informationthey generate ( Rykiel １９９７ ) . However , as scientists document the variety of environmental variables that are represented bythe function shown in Figure １ , and as the implications of these trends are analyzed , there is a growing urgency amongscientists who believe that the lag in responsiveness by governments is unacceptably slow or narrow . This is leading manyscientists to realize that they need to become more effective at providing policy‐oriented information to a broader audience . Somescientists are choosing to give up their cloak of scientific neutrality and assume an advocacy role to promote the enactment ofbetter environmental policy .
Conclusions

The underlying philosophical goals of the rangeland management profession are sound , but the implementation of the joint goalsof sustainability and optimization is becoming much more complex . The stakeholders making claims on rangeland products andshaping management priorities are increasingly diverse . The policy‐relevant temporal and spatial scales are rapidly shif ting andare highly contex t‐specific . There is compelling evidence ( Figure １ ) that we are well underway to an unprecedentedintensification of pressure on rangeland ecosystems . This pressure may threaten the sustainable provision of many rangeland
products and services , an unintended consequence of current political , social , and economic systems . There is strong reason tobelieve that these human‐derived systems influencing resource use patterns can be responsive to scientific input , but this islikely to occur only if the products rangeland scientists produce get much better at melding the ecological , economic , and socialissues in ways that are directly responsive to addressing the barriers to integrated decision making . The motivation forchallenging ourselves to improve at this task is the realization that our role as scientists will ultimately be determined by the newvisions scientific insight can inspire among stakeholders and policymakers seeking to achieve sustainable management ofrangeland resources .
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Livestock production and poverty alleviation — challenges and opportunities in arid and semi‐arid
tropical rangeland based systems
C . Seré , A . A yantunde , A . Duncan , A . Freeman , M . Herrero , S . Tarawali and I . W right
International L ivestock Research Institute , P .O . Box 30709 , Nairobi , K enya . E‐mail :c .sere＠ cgiar .org

Key points :

Rangelands are the largest land use system on Earth . They predominate in arid and semi‐arid areas of the World . Largenumbers of poor and vulnerable people live in them . Arid and semi‐arid rangeland systems are constrained by low primary
productivity , low population densities , lack of market access and infrastructure and high transaction costs .
Population density and climate change are creating important changes in land use , access to resources and livelihood strategiesof pastoralists in these areas . Arid and semi‐arid rangeland systems are no longer seen as livestock enterprises but as multipleuse systems with important consequences for the global environment and for more diversified livelihood strategies . They arecrucial for the protection of ecosystems goods and services , for tourism and for mitigating climate change . Research agendasneed to take into account the trade‐offs and synergies arising from these multiple uses so that the poor are able to reap themultiple benefits provided by these ecosystems .
Introduction

Rangelands are the largest land use system on Earth . They constitute some ３５ million km２ of the earth摧s surface , with themajority in developing countries and some ６５％ ( almost ２２ million km２ ) of this in tropical Africa . Over １８０ million people inthe developing world depend for their livelihoods on these systems , with just over half of them living on less than ＄ ２ per dayand a quarter on less than ＄ １ per day ( Thornton et al . , ２００２) . Rangelands predominate in dryland areas where they may bedefined as regions where there are less than ２０ persons/ km２ and where the length of the growing period ( LGP) is less than ６０days/ annum and does not permit significant crop grow th . Figure １ shows the location of the arid and semi‐arid rangelandsystems in tropical and subtropical regions of the World .

Figure 1 Distribution o f trop ical and subtrop ical arid and semi‐arid rangeland systems ( ILRI Targeting and Innovation
databases 2008) .

These pastoral systems are heterogeneous , as there are marked differences between pastoral groups , between communities , andaccess to livelihood assets . There are those in which people depend entirely on livestock for their livelihoods , to mixed agro‐
pastoral systems where there is close integration of pastoral resources with cropping ( FAO , ２００１) . In some cases , the role ofdiverse sources of off‐farm income also plays a significant role in the subsistence of pastoral households . For example in parts ofMaasailand ( Kenya) , income diversification and remittances can account for more than ５０％ of the family摧s income ( Kristjansonet al . , ２００２ ; Nkedianye et al . , ２００８) .
These systems make use of natural vegetation and other natural resources and play a key role in the protection and maintenanceof ecosystems goods and services . However , they have a limited primary biomass production with considerable , andincreasingly unpredictable , temporal and spatial variation . In this respect , a key feature of these systems is the movement of
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animals to take advantage of spatial and temporal variation in feed and water resource availability ( of ten linked to weather
patterns) . Whilst pastoral movement is traditionally considered in relation to these two key elements , there are other reasonstoo , some of which become increasingly prevalent in today摧s changing world — such as access to markets , or social issues likeconflicts , provision of services like schooling , health services and others .
Worldwide pastoral and agro‐pastoral systems are undergoing unprecedented changes , and combined with the uniqueness ofsuch systems , these present some particular development challenges which in turn imply research cannot be conducted as�business as usual�, but must be tailored so as to ensure the changing multiple service roles of these ecosystems are taken intoconsideration in order to have positive impacts on livelihoods and the environment . Increasingly , livestock are being recognisedas part of integrated solutions for sustainable natural resource management in the broader development context ( World Bank
２００７) .
This paper focuses on dryland pastoral and agro‐pastoral systems in the tropics and sub‐tropics . It describes the major driversand trends changing these ecosystems at global , regional and local levels and the challenges these present for development . Italso presents elements of a new research agenda that will be required to deal with the increasingly varied uses of theseecosystems . This is , at a fundamental level , related to choices that can help to alleviate poverty and vulnerability of pastoralcommunities living in these ecosystems , while ensuring that the poor living in these regions are able to take advantage of newopportunities provided by a rapidly changing world .
Drivers of change in pastoral regions

Human population density : Table １ presents the human and livestock populations of arid and semi‐arid regions in differentparts of the World . On a global scale , the increase in human population density is a major driver of change for a wide range oflivestock production systems , including pastoral and agro‐pastoral systems . Increases in population density have seriousconsequences on different dimensions of pastoral regions . First , land use changes can be significant as there is increasedcompetition between rangelands and marginal cropping in these areas . At the same time , increases in cropping andsedentarisation have led to land fragmentation , which in turn decrease the grazing ranges and mobility of pastoralists and reducethe buffer dry season grazing reserves . This has led to a reduction in livestock numbers and increased vulnerability in theseareas ( Reid et al . , ２００４ ) . For example , in Maasai regions the numbers of animals ( tropical livestock units ) per capita havedecreased from １５‐２０ to ３ animals per person in a span of ５０ years ( Herrero et al . , ２００３) . In some areas , notably in parts ofAfrica , this has also led to increased conflicts in pastoral regions .
Overall , livestock numbers in these regions are slowly increasing , partly due to the increases in demand for livestock productscaused by the increases in human population densities and economic grow th (Delgado et al . １９９９) . For example , Herrero et al(２００８ ) estimated rates of increase below １％ / year to ２０３０ for the livestock populations of diverse rangeland ecosystems inAfrica . Since this rate of grow th is lower than the human population grow th rate , animal numbers per capita are generallydecreasing in these regions . This increases the vulnerability of pastoralists in general and creates a need for finding morediversified livelihood strategies to survive .
Climate change is also a driver , though its effects will be most severely felt in the coming decades — its key effects will beincreased dryness and higher temperatures , reductions in primary productivity , land use changes , animal disease distributions ,land degradation in some cases , changes in species composition ( and thereby animal diets and feeding strategies ) , livestockproductivity , incomes and food security . Climate change impacts that lead to some regions becoming drier may also mean thatareas previously suited for crop production become too risky for such enterprises , and that pastoral systems become the onlyway of managing such environments well . Climate change is also a key driver that will determine a new research agenda for therangelands of the world . Since this is the largest ecosystem on earth , there is an increased need to understand the role thatrangelands might have in determining global climatic patters and how their management might affect climate change .
A number of local and global trends are placing increased pressure on productivity and livestock production of the rangelands in
pastoral and agro‐pastoral areas . Some of the key consequences , are described below .
Table 1 A rea , human population and ruminant livestock numbers in trop ical and subtrop ical rangeland systems o f the World
(ILR I Targeting and Innovation 2008) .

Region Area
( Km２ )

T ot . people
( y r ２０００ )

Cat tle T LU
total

Sheep TLU
total

Goat T LU
total

Buffalo TLU
total

East Asia ３９ ,２８６ 弿５１７ ,３８８  １４２ ,５１１ 晻１３６ ,５９３  ７８ ,４７５ 殮９ ,１６１ �
North Africa ５１ ,３６４ 弿１ ,９３１ ,６６０  １３７ ,０６４ 晻２１８ ,８０６  ９２ ,３５３ 殮０ �
South Asia ４４ ,０７８ 弿５ ,８２１ ,２１０  ６４２ ,８３３ 晻１８７ ,９３２  １５０ ,０７０ 殮２８３ ,４５６ �
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( continue)
Region Area

( Km２ )
T ot . people
( y r ２０００ )

Cat tle T LU
total

Sheep TLU
total

Goat T LU
total

Buffalo TLU
total

Lac １ ,００６ ,２３０ 弿８ ,８８６ ,４２０  ９ ,７９６ ,９３０ 晻４４７ ,０３９  ４１３ ,４３２ 殮０ �
Se Asia ３８ ,７５０ 弿３８６ ,３９０  ２２１ ,６８４ 晻７２９  ４ ,７６８ 殮１３８ ,９４９ �
West Af rica ８４１ ,４５１ 弿１５ ,５７９ ,５００  ４ ,３０９ ,３５０ 晻１ ,０７７ ,３１０  １ ,２８３ ,２９０ 殮０ �
Central Africa ５７２ ,０１９ 弿３ ,２２８ ,６２０  １ ,６３６ ,２００ 晻１２３ ,２２２  ２８４ ,５０５ 殮０ �
East Af rica １ ,５３５ ,０１０ 弿１４ ,８２６ ,８００  １２ ,８５８ ,６００ 晻２ ,１１１ ,２４０  ２ ,１２３ ,４３０ 殮０ �
Southern Africa ２ ,０５１ ,８１０ 弿１２ ,７３９ ,９００  ５ ,７３５ ,０７０ 晻２８０ ,６１６  ４８８ ,２２１ 殮０ �
Australia / Oceania １ ,６７２ ,８１１ 弿３１１ ,８３９  ７ ,０５４ ,９１０ 晻２ ,２５２ ,８９５  ５ ,５２９ 殮０ �
Total 6 ,179 ,998 弿63 ,917 ,888  35 ,480 ,242 晻4 ,583 ,487  4 ,918 ,544 殮431 ,566

Consequences of the drivers of change

( １) L and use changes . Land use change has increased pressure on pastoral communities because it affects their access to naturalresources and hence their ability to respond to new shocks . For example , the fraction of rangelands in agro‐pastoral territoriesin South‐western Niger declined from ７８％ in １９５０ to １３％ in １９９６ whereas the fraction of land cultivated increased from １０％in １９５０ to ５５％ in １９９６ ( Turner et al . , ２００５ ) . In addition , the marginal lands that were previously used by pastoralists fortheir livestock are increasingly coming into focus as protected areas for biodiversity conservation and tourism ( FAO , ２００１ ) .There is increasing pressure on governments to declare large regions as protected areas , in response to the conservation lobbyand the potential income from tourism , for example in East Africa where large mammals are still abundant and the touristindustry is highly developed ( Reid et al . , ２００７) . The key is to find mechanisms to ensure that pastoralist communities sharethe benefits from these alternative sources of income .
(２) T rans f ormation o f land ownership f rom common to p riv ate p roperty in some pastoral areas . Privatization of formergrazing lands is ongoing in Africa , Central Asia and China . It is often the more productive areas that are the first to pass intoprivate hands for agricultural use . This again impacts on resource access and thereby reduces resilience of pastoralists sincethese�key resource" areas used to act as grazing refuges during times of drought ( Reid et al . , ２００７) .
(３) Sedentariz ation policies . The T ragedy of the Commons hypothesis ( Hardin , １９６８ ) has been influential among policymakers and has led to resettlement and sedentarization policies in various parts of the world ( FAO , ２００１ ) . In many cases thesepolicies have led to further degradation of the pastures they were designed to preserve ( e .g . Wu and Richard , １９９９) . As wellas centrally influenced sedentarisation , mobile pastoralists increasingly choose to reduce their mobility as they develop closerlinkages with markets and social services and as they purchase land ( Fratkin and Roth , ２００５ ) . This reduction in mobility canlead to concentration of grazing pressure on particular areas and reduces the resilience of grazing lands previously subject torotational grazing as a result of mobility .
(４) Market development and evolution . Changes in market access resulting from increased population , urbanisation and thedemand for livestock products are also an important consequence for the development of rangeland systems . Market access
provides new income opportunities both from direct provision of livestock as well as service functions associated with suchimproved markets and associated infrastructure . Market development demands new and improved communication of informationto pastoral communities and new social organisation mechanisms . These also provide improved opportunities for input andservice provisioning .
In some cases policy and institutional responses have supported pastoral development . These include advances in servicedelivery and access to technologies , as well as increases in prevalence and function of pastoral self‐help organizations .
Development challenges

The trends observed in pastoral systems and their consequences have resulted in a number of development challenges . Forpastoral and agro pastoral systems , the overarching development challenge is to reduce poverty and vulnerability in theseregions and also to provide livelihood strategies that provide sustainable pathways out of poverty . Because of the particularcircumstances and both macro and local drivers and trends , these systems present some distinct challenges . In this section wewill consider these challenges and future research needs .
(１) Low population density and low carry ing capacity o f the ecosystem . The key constraint of dryland pastoral regions istheir low biomass productivity and consequent low human population density . Low biomass productivity and high climatic
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variability make these regions to be inhabited by households inherently food insecure and following semi‐subsistence livelihoodstrategies . In general terms , these marginal areas with low population densities have high percentages of poor people and a highdepth of poverty ( Kelley and Byerlee ２００７ ) . Unfortunately data on the distribution of poverty in pastoral and agropastoralareas are scarce . However , estimates by Thornton et al (２００２) show that pastoral and agropastoral systems account for ２４％of poor people in South Asia ,３４％ in Sub‐Saharan Africa and ３２％ in WANA . Recurrent droughts exacerbate the vulnerabilityand poverty of these pastoral societies mainly due to loss of their livestock assets ( Little et al . , ２００７ ) . These levels of povertycombined with low education levels and lack of development of these regions present a formidable challenge for the promotion ofnew alternatives beyond very modest levels of livestock production .
(２) How to link poor p astoralists to the national economies ? The lack of investment and infrastructure in dryland pastoralregions makes them intrinsically areas with poor market access . This in turn makes it increasingly difficult to integrate theseregions with the rest of the national economy due to very high transaction costs . T raditionally , pastoralists sell only a limitednumber of livestock products , and only sell live animals in period of emergency ( mainly droughts) . The marketing of livestockas the primary household livelihood strategy ( rather than keeping animals and selling their products ) is a fairly recent
phenomenon in Africa and Asia ( Reid et al . ,２００７ ) . Hence , pastoral livestock markets are not well developed and are not fullyintegrated into the national economy . There is a general isolation of pastoralists from the economic development process inmany countries in sub‐Saharan countries , for example , the Fulani pastoralists in West Africa and the Borana pastoralists insouthern Ethiopia ( Desta and Coppock , ２００３ ) . Mobility presents challenges for transfer of quality information on marketprices , However with recent advances in communications technologies ( i . e . mobile phones ) this constraint is rapidlydisappearing . Besides , the lack of infrastructural development makes it difficult for pastoralists to meet the hygiene and foodsafety demands required to have access to regional and global livestock markets . Projected increases in global demand forlivestock products ( Delgado et al . , １９９９ ) do , however , present opportunities for increased marketing of livestock bypastoralists .
(３) Systems o f low p riority f or public investment . Marginal arid and semi‐arid areas are of low priority for national
governments and the private sector . This has led to pastoralists having a weak voice in national politics ( Chang and Koster ,
１９９４) . Many factors combine to weaken the influence of pastoral people in national fora . For example , policy makers tend toview pastoralists as a minority vote and view their way of life and farming system as backward and inefficient , especially whenonly considering the animal productivity of these regions . The general weak representation of pastoral organisations in manyregions has not helped advocacy of the pastoral cause before the national governments . Pastoralists are not often keen todevelop social institutions to defend their interests as a group , in part because their mobility and flexibility make it hard for suchinstitutions to function over long periods . Beside the weak pastoral organisations , pastoralists generally have an inbred distrustof national government . The marginalization of pastoralists is however beginning to change with increasing interest in the
pastoral sector by international organizations .
(４) Natural resource degradation . Global rangeland resources are widely perceived to have become heavily degraded in recentdecades ( e .g . Pittroff et al . ２００２ , Steinfeld et al . , ２００６ ) although objective measurement of vegetation degradation isrelatively rare and the overstocking paradigm is controversial ( Mace , １９９１) . Some degradation has undoubtedly occurred , anda variety of factors has contributed to the process of degradation of pastoral lands . Pastoralists have of ten been accused ofovergrazing and desertification because livestock is the major user of primary production in the semi‐arid and arid regions .Results from ILCA摧s long‐term monitoring studies in East and West Africa ( Ellis , １９９２ ; Hiernaux , １９９３) have challenged theassumption that livestock are responsible for rangeland degradation and have provided evidence that climate , and not livestock ,is the main determinant of changes in the arid/ semiarid environments and that the rangelands are resilient and capable ofrecovery . ILCA studies concluded that �the strong seasonality of rangeland production in the Sahel limits the risk ofovergrazing damaging the environment to short periods and consequently to confined areas ."
(５) Con f lict in managing common resources . The use of common property resources by pastoralists inevitably leads to twotypes of conflict . On one hand , there are substantial conflicts related to access rights and the management of common grazinglands . The poorer sectors of society are largely excluded from the benefits of these common lands . Secondly , conflicts also arisewith other forms of land use such as agriculture , forestry and wildlife . Development activities within particular sectors can be
politically sensitive and there are multiple examples of development initiatives that have failed because of lack of awareness ofthe natural resource implications of particular interventions for other sectors . Conflicts over natural resources have occurred formillennia but rising population pressure , demarcation of national boundaries , increased incidence of drought and increasingurbanisation have all increased the potential for conflict in recent decades ( Fratkin and Roth , ２００５ ) . These conflicts havechanged in nature , as more sophisticated weapons are now used by rival fractions .
Consequences and opportunities for research

Due to the heterogeneity of pastoral systems , clearly there is no one‐size‐fits‐all solution , but a complex of inter connecteddimensions that need to be taken into account . Overall , the issue is supporting the inevitable transitions in livelihoods that are
going to take place in coming decades and this relates overall to two aspects — the mitigation of risk and the potential to
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implement new livelihood strategies that include new market opportunities and engaging in other sectors of the economy . Thereare several potential transition routes for pastoralists : １ ) continuing as usual ２ ) continuing as pastoralists but implementingnew management strategies for their animals and for the environment ( to address markets for livestock or ecosystem services)
３) settling and combining livestock raising with new diversified livelihood options ４) exiting pastoralism .
Results from several pastoral livestock projects suggests that technical intervention will have only a very limited impact onoverall development of pastoral and agro‐pastoral areas ( FAO , ２００１ ) . A major lesson from the failures of production‐orientedtechnical interventions in different countries is that an increase in livestock production and productivity is not tantamount to thesocial development of pastoralists and agro‐pastoralists ( FAO , ２００１ ) . In other words , pastoral development is more thanlivestock productivity . Some of the issues to address in development initiatives for pastoral and agro‐pastoral areas include thefollowing :
瞯 Increasing need to provide more people with food .
瞯 Livestock mobility to access key resources , pasture and water , especially in period of droughts .
瞯 Improving access to inputs and services for livestock production systems that are already intensifying .
瞯 Improving the resilience of pastoral and agro‐pastoral systems in response to climate change and variability .
瞯 Promoting a more efficient use of existing natural resources .
瞯 Livestock asset security and diversification to mitigate risks . Diversification options need to include non‐livestock basedlivelihoods .
瞯 Building marketing infrastructure to link pastoralists and agro‐pastoralists to regional and global livestock markets .
瞯 Co‐generation and co‐sharing of knowledge and information . Sharing of information has changed substantially in parts ofAfrica . A range of innovative approaches has been tested in the developing world , based primarily around ICT . Access tomobile phones has changed significantly the way pastoralists trade their livestock products . By having access to informationabout prices , they are able to make better informed decisions on buying and selling animals ( KACE , ２００５) .
瞯 Building local capacity and institutions , and facilitating community‐based initiatives , especially indigenous management ofnatural resources . For community initiatives to succeed under conditions of poverty and marginalization , enabling policy andlegislation are vital . Providing a platform for pastoral communities to advocate their own concerns should be an integral partof any development initiative . Building local capacity and institutions is more than creating organizational structures but alsoentails the institutional support to organisations in terms of funding , mandate , responsibilities , and technical knowledge andskills available .
瞯 Strengthening pastoral safety nets as these are the primary means of dealing with drought in sub‐Saharan Africa . Forexample , Maasai pastoralists in East Africa maintain kin‐based networks for mutual assistance to ensure survival ofhouseholds during crisis , which includes access to pasture and water ( Reid et al . , ２００７) .
瞯 Promotion of alternative sources of employment without losing cultural identities . Rural/ urban migration to seek alternativesources of income by some members of the pastoral household has had a profound effect on the cash economy of pastoralsocieties ( Nkedianye et al ２００８) . Remittances from members of the family from within or outside the region ( rural/ urbanmigrations) have significantly reduced vulnerability of pastoral families .
The prioritisation of development issues raised above will depend on policy environment , natural resource base , land use
patterns , property rights , credit facilities , market potential and capacity of pastoral organisations . It should be emphasised thatmany of these development issues cannot be implemented in isolation at local community level but will require the activeinvolvement of regional and national governments .
Perry et al . (２００２) identified three pathways out of poverty through livestock : １) increasing animal productivity ２) protectingand securing livestock assets ３ ) increased market integration . It is under this framework that we examine the potential forresearch in pastoral and agropastoral systems . Table ２ presents some of the research needs for pastoral systems .
Table 2 Some researchable areas in arid and semi‐arid pastoral and agro‐pastoral systems .
Research area Opportunities for research
Spatial analysis , impact
assessment 瞯 Spatial analysis : Where are the most vulnerable groups of pastoralists now and in the future

瞯 Household level analysis : What determines the vulnerability of pastoralists
瞯 T rade‐off analysis of multiple uses of rangeland ecosystems
瞯 Impact assessment and priority setting of integrated rangeland ecosystem uses

Adaptation options to
climate variability and
change

Management practices
瞯 Rangeland management for multiple uses ( animal production , payments of ecosystems goods and services)
瞯 Rangeland management to mitigate climate change effects
瞯 Strategies for selling and buying animals
瞯 Health management practices
瞯 Water harvesting techniques
瞯 Insurance‐based schemes to reduce vulnerability
瞯 Early warning systems
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( continue)
Research area Opportunities for research
Diversification of income
sources 瞯 Development of practical approaches to quantify delivery of environmental services by pastoralists and

markets for such services
瞯 Exploitation of niche markets for livestock products with certain characteristics
瞯 Development of biofuel crops for ASALS
瞯 Mechanisms for promoting increased revenues for communities f rom wildlife conservation and tourism
瞯 Off farm income , remittances and/ or exiting from pastoralism

Increased market access 瞯 Collective action mechanisms for selling animal and other products
瞯 Novel methods of netw orking and sharing benefits of ecosystems
瞯 Increased information and communication on marketing options
瞯 Identification of new market options ( specialization and diversification)

Research outputs need to lead to development outcomes at local and regional levels . Targeting and spatial analysis can help toidentify where these different aspects should be the focus for research and development initiatives . For example , studies byThornton et al ( ２００６) have combined climate change predictions and proxy indicators of vulnerability to assess the areas mostvulnerable to climate change in Africa . Given the heterogeneity of systems on the ground , such broad brush approaches alsoneed to be scaled down to local and regional levels . Risk mitigation at local level needs to take account of poverty , availability offood , safety nets and insurance . ILRI has conducted research to help target appropriate risk response aspects , focusing onlivestock interventions . In a study on livestock , livelihoods and vulnerability in Lesotho , Malawi and Zambia commissioned bythe Food and Agriculture and Organization of the United Nations ( FAO) , economic shocks , drought , livestock losses due toanimal diseases and declining efficacy of delivering livestock services to poor people are identified as major sources ofvulnerability ( Freeman et al . , ２００７) . The study reported that households use a wide range of informal and formal strategies tomanage and cope with risks . The study also reported marked differences in ownership of productive assets , livelihood strategiesand vulnerability between men and women , and showed that women and female‐headed households were more likely to be morevulnerable than the general population ( Freeman et al . , ２００７) . A major lesson from this study for pastoral and agro‐pastoralsystems is that vulnerability is an issue that must be addressed in any pastoral development initiatives . It should take intoaccount of the increasing emigration of young men from pastoral areas to urban centres and the associated increase in number ofhouseholds headed by females .
One of the keys to responsiveness to change , be it market or climate variations , is enhancing the capacity of local institutionsand communities . This has been addressed in an ILRI project in East Africa on better policy and management options for
pastoral lands called �Reto‐o‐Reto" ( in Maa language ,�Reto‐o‐Reto" means �I help you , you help me") . This project wasdesigned to create the knowledge and relationships to enable poor agro‐pastoral communities to influence district and nationalland use policies affecting their livelihoods and the sustainability of biodiversity in the areas where they live ( ILRI , ２００５) . Tofacilitate communication with and active participation of the communities in the project , community facilitators were engagedwho served as representatives of their communities . Besides , the facilitators worked with the researchers and represented thecommunities interests摧 to the policy makers . Under the project , the community facilitators were trained in GIS mapping andthey in turn trained members of their communities to map their land areas . Information products including radio programs and
posters in local vernacular languages were disseminated providing information on various practices for effective resourcemanagement .
A critical pathway out of poverty is the promotion of new and growing markets . Studies in West Africa ( Okike et al . , ２００４ ;Williams and Okike ,２００７) have shown that in many instances , livestock traders dictate prices because of lack of information bythe producers — of ten the pastoralists , meaning there is little incentive for increased production , whilst in reality there areopportunities for a wide range of cross‐regional linkages to increase market opportunities Such research has identified key entry
points for improving the income and opportunities for pastoral livestock producers especially in relation to growing regionallivestock markets . These include opportunities for credit arrangements to allow value added processing , lowering transportationand handling costs , development of livestock market information systems and harmonising regional policies on livestock trade .New opportunities arise from the increased demands of livestock products by affluent sectors of society domestically andinternationally . For example , niche markets for animals with certain characteristics or certain breeds are starting to be exploitedas added value alternatives in pastoral regions ( i .e . Sudan desert sheep exported to the Middle East , El Chaco beef andothers) .
An increasingly important opportunity for pastoral livelihoods relates to the role in managing them for protecting or increasingenvironmental services . Opportunities will arise for receiving payments for the provision of these services once adequatemechanisms are put in place by the global environmental community . This presents an opportunity of global and localsignificance . As said before , rangelands are the largest ecosystem of the world and have significant potential to reduce
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greenhouse gas emissions through management of the carbon cycle . They have the potential to mitigate carbon dioxideemissions by protecting existing carbon resources ( conversion of grazing land to cropland leads to huge carbon losses ) , bysequestering carbon ( e .g . through grasses replacing cropland , reducing grazing intensity and erosion and improving speciesmixes ( e .g . more browse means more carbon sequestered) ( Reid et al . , ２００４ ) . At the same time rangelands provide otherservices such a protection of ground and surface water sources in most basins in Africa ( Peden et al . , ２００７ ) . T raditionally ,they have been managed from an animal productivity perspective but these new global and regional roles of rangelands will needincreased understanding of their multiple values and the trade‐offs arising from them . New quantitative and qualitative data willbe essential to establish under which circumstances and management practices these multiple uses can satisfy severalsimultaneous functions . This opportunity will also require new research on the local and global institutional arrangementsneeded for different sectors to benefit from these multiple uses of the rangelands .
Conclusions

The perceptions about arid and semi‐arid pastoral regions are rapidly changing . It is increasingly recognised that these areecosystems with many functions and some alternative development options . Some of these options , while important forhouseholds and communities are also of global and regional interest and might turn into economically viable livelihood strategiesif the right systems of incentives and policies are put in place . For poor household this will mean alternatives beyond traditionallivestock production such as the payments for ecosystems good and services like water , carbon sequestration and others ,tourism , biofuel production and the development of niche markets . An increased number of options might make these regionsmore attractive for public and private investment . This could in turn lead to better services and infrastructure in these regions .
T raditional research paradigms for the rangelands have been largely about increasing the primary productivity of the land viamanagement approaches and introducing new forage species and drought management interventions . The new role thisecosystem can play requires a different more holistic research paradigm . This new research agenda will have to focus onassessing the synergies and trade‐offs , from different perspectives ( economic , social , ecological) of the diverse set of optionsfor different members of society . It should seek to find what may work where and also how can the poor benefit from theseincreased livelihood alternatives . While well engrained in pastoral societies , some of these alternatives will require newcollective action mechanisms in order to promote the adequate benefit sharing and proper management of the natural resources .
Rangeland systems will diversify but will also require a degree of specialisation of their livestock systems . This specialisationwill be driven by increased integration of the pastoral economy with other regions . Diversification will also lead to moreinclusion of different segments of society into the economy and less competition between households , as the potential fordifferent combinations of livelihood strategies expands .
Pastoralism is no longer seen as a tragedy for common grazing areas but rather as having the potential as a viable part ofcomplex livelihood strategies . Redressing the balance of productivity , environment and livelihoods in such fragile regions raisesthe potential of addressing the needs of the vulnerable . It is a complex and challenging assignment , but increasingly urgent .
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Introduction

Public demands are expressed by several actors of the society . The role of lobbies is undoubtedly important in the media and hasa direct influence on decision makers . Their common influence is the result of diverse interests that are often partly or totallycontradictory like those of agro‐industries , farmers , scientists , environmentalists and consumers . The resulting perception ofthe problems and challenges by politicians is finally reflected in public policies . With regard to agriculture and environment
problems , these policies changed rapidly in many OECD countries in the last decades .
Public demand related with agriculture is associated mainly with food security , food safety , soil protection , water quality andavailability , climate change , animal welfare , biodiversity conservation , landscape quality and recreation opportunities . Thesensitivity of the public varies although widely in space , between continents , between countries of the same continent , betweensocial groups within a country . It varies also with time ; food safety , environmental problems and animal welfare for instanceare increasingly important in the public mind and in policies of many countries . In the last decades , there has been an obviousevolution of public demands on intensive grasslands .
Intensive farming is not easy to define ! It can be related to the use of land , labour or capital . It is usually presented as a type ofagriculture that uses high quantity of inputs per surface unit ( land) , like fertilizers , feeds , seeds , pesticides , irrigation waterand energy . Most of these inputs are non‐renewable energy dependent . It is frequently associated with high investments
( capital) in machinery and/or buildings and sometimes with high land prices . It can also be characterized by labour‐intensivesystems . In grassland , intensive systems are using high amounts of fertilizers , especially nitrogen , associated with highstocking rates and animal performances per ha . Although these systems are able to respond to an increasing World food marketat relatively low prices and provide relatively high income to farmers , they present several environmental shortcomings that aremore and more badly perceived by the public .
This paper presents and analyses case studies in OECD countries or State Federation that are all concerned by intensivefarming : the European Union ( EU ) , the United States of America ( USA ) , Canada , New Zealand ( NZ ) and Australia . All
parts of their territory are not concerned by intensive systems , but they have all developed public policies about grasslands as aresult of public demand . More emphasis is given to the case of the EU that includes very intensive grassland systems and hasdeveloped a complex legislation about environmental problems in agriculture . For each case study , the importance and theevolution trends of grassland areas are described , the main environmental challenges in agriculture and grassland are identifiedand the policy responses are discussed .
Grassland functions and values

Public demands on grasslands are related with their multiple functions and values . These functions and values are defined byUSDA (２００４) as follows .Grazers : provision of forage for grazing and browsing animals , both domestic and wild .Water : enhancement of recharge of groundwater areas , water quality and provision of a clean water source for communities .Atmosphere : ability to sequester carbon and enhancement of clean air .Soil : protection of the soil from wind and water erosion and build‐up of organic matter in soils .Biodiversity : support of the biodiversity of wildlife and provision of habitats .Rural economies : support of rural communities , their infrastructure and tax incomes .Quality of life : support of landscapes that are aesthetically pleasing , provision of recreational opportunities and open space , andimprovement of the quality of life .
European union policy

In ２００５ ( EU２７) , grasslands and rangelands covered ５６ million ha (３３％ of the Agricultural Area ( AA) ) including about １７ .５million ha of rangelands (１０％ AA ) in mountain areas notably ( Eurostat , ２００８ ) . There are big differences between MemberStates . In West Europe , the proportion of grasslands in the AA is usually higher , like in UK (６２％ ) and Ireland (７３％ ) , while
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in East Europe the proportion is usually lower like in Poland ( ２１％ ) and Rumania ( ３３％ ) . That reflects the differences ofecological conditions and also of meet consumption between the richest countries of the North West and the poorest countries ofthe East . The situation could change and grassland area could increase with the economic development and the improvement ofliving standards in the East . Between １９７５ and １９９０ ( EU１５ ) , the grassland area was significantly reduced in favour to theproduction of fodder maize and cash crops . After １９８９ , many agricultural areas and especially grassland areas were abandonedin countries in transition . Even in the EU１５ countries , marginal grasslands tended to be abandoned , especially in mountainareas .
Two major trends characterized grassland management since １９６０ : intensification or abandonment . In the low lands , nitrogenfertilization in grassland became used at a large extent since the １９６０s . Stocking rate , frequency of cutting for conservation ,fertilizer use , drainage , irrigation , re‐sowing and over‐sowing , weed control with herbicides became increasingly important .The number of plant species and especially dicots felt dramatically in grassland swards while forage yields increased and feeding
quality improved . Insect and bird populations followed the same trend than plants . Ground waters were polluted by increasingconcentrations of nitrate , notably in arable land areas but also in grassland areas especially in intensive dairy systems and when
pig and/ or poultry slurry was applied on grassland . The monitoring networks implemented recently by the EuropeanCommission and the Member States indicate that over ２０％ of ground waters and ３０‐４０％ of lakes and rivers are showingexcessive nitrate concentrations . Nitrogen from agricultural sources accounts for ５０‐８０％ of the nitrates entering Europe摧swater ( Europa , ２００７) . Surface waters are polluted by the discharge of groundwater tables , by the run‐off of phosphate andnitrate and by the access of cattle to rivers . At the same time , the traditional landscape was modified by the enlargement of plotsize that followed the fast reduction of farm numbers and increase of farm size . In �bocage�regions , most hedges andtraditional orchards disappeared in grasslands in the last ５０ years which badly affected landscape . That had a huge negativeimpact on wildlife too . The specialisation of productions resulted in the progressive disappearance of mixed farming . Someregions specialised in arable crops while other regions specialised in animal husbandry . The importance of temporary grasslandsand especially lucerne declined . The use and the proportion of legume species in swards were also reduced by a widespread andalmost general use of nitrogen fertilizers . These two last trends , specialisation of production and reduction of forage legumespecies , had a very negative impacts on farmland bird populations ( PECBMS , ２００７) that often need both grassland and crop fortheir feeding and nesting requirements ( Robinson et al . , ２００１ ; Robinson et al . , ２００２ ; Benton et al . , ２００３) . These birds arefinding much more food in legume‐based swards than in pure grass swards or in crops . On the other hand , many marginal
grasslands were abandoned , especially in mountain areas . These plots were invaded by shrubs and trees according to a naturalsuccession process or planted by trees and this resulted in a marked reduction of patrimonial species linked with grassland andextensive animal husbandry . Additionally , in these areas , grassland management often changed : species‐rich cutting meadowsat high altitude , remote or located on slopes , tended to be uniquely grazed which also reduced plant diversity .
Two main policy programmes are addressing environmental problems in agriculture : the agri‐environmental scheme ( regulations
２０７８ /９２ and CEE １２５７ /９９) and the Nitrate Directive (Directive ９１ /６７６ /CEE) . They are both dating back to the early １９９０s .Some Member States tested Agri‐Environment Measures ( AEM ) as early as in the １９８０s . The idea was adopted by the EU in
１９８５ in Article １９ of the Agricultural Structures Regulation , but remained first optional for Member States . In １９９２ , it wasintroduced for all Member States as an �accompanying measure�to the Common Agricultural Policy ( CAP) reform . AEM aredesigned to encourage farmers to protect and enhance the environment on their farm . Farmers receive a payment in return for aservice . Their commitment of improving the environment is only rewarded if it goes beyond the application of usual �GoodFarming Practices�( GFP ) . These GFP are defined in a code formalised in national legislations . At the EU level , themaintenance of the present grassland area is included in these GFP . It is a recognition of the positive impact of grasslandscompared to crops for biodiversity , landscape , carbon storage in soil organic matter ( SOM ) , soil fertility , protection of water
quality and replenishment of ground water reserves . Farmers sign a contract with their local administration and are paid for theadditional cost of implementing the measures and for any losses of income notably due to reduced production . Agri‐environmental payments are co‐financed by the EU and the Member States . The contribution from the Community budgetvaries from ６０ to ８５％ . AEM are adapted to local farming systems , ecological conditions and environmental issues that vary
greatly throughout the EU ; they are designed at national , regional or local level . This makes agri‐environment a flexible tool .AEM have two main objectives : reducing environmental risks associated with modern farming on the one hand , and preservingbiodiversity and cultivated landscapes on the other hand . They are based on the following principles : they are optional forfarmers ; they are site‐specific , they can be adapted to different agronomic and environmental circumstances ; they have aminimum duration of ５ years since environmental issues require a structured and long‐term approach ; MAE contracts mustcompete with the most profitable land use , so payment levels have to be sufficiently high to attract farmers ; agri‐environment
payments may only be made for actions above the reference level of mandatory requirements defined by codes of GFP ( this is anapplication to agriculture of the Polluter Pays Principle) ; Member States have a wide degree of discretion in how to design andimplement AEM . The agri‐environmental policy is notified to the World T rade Organisation . Since agri‐environmental
payments are�limited to the extra costs or loss of income involved�, they are classified in the�Green Box�which implies thatagri‐environment payments are not considered to be trade‐distorting ( Anon . , ２００５b ) . AEM include the support of theconversion to Organic Farming ( OF) and in some Member States to the maintenance of OF . This type of farming has developedrapidly since the implementation of the AEM , with more than ５ .８ million ha , ３ .４％ of the AA and almost １４０ ,０００ organicfarms in ２００４ ( EEA , ２００７b) . Some examples of AEM related with grasslands are given in Table １ .
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Table 1 A EM ty pes and env ironment parameters where positive e f f ects are ex pected (A non . , 2005b) .

Measure types Soil
quality

Water
quality

Water
quantity

Agricultural
biodiversity

Wild
biodiversity Landscape

Input ( fertilizer , pesticide) reduction x x x
Organic farming x x x x x
Ex tensification of livestock x x ( x ) x x
Conversion of arable land to g rassland and
rotation measures x x x x x
Actions in areas of special biodiversity interest ( x ) ( x ) x x
Genetic diversity x ( x )
Maintenance of existing ex tensive systems ( x ) ( x ) x x
Farmed landscape x x
Water use reduction x x
Legend : x ＝ primary effect ; ( x) ＝ secondary effect .
In ２００２ , the EU１５ spent ２ billion euros for AEM implementation i .e . about ４ .６％ of the total amount of CAP funds . About
８５％ is still devoted to the first pillar of the CAP : the support to production through surface subsidies . In ２０００‐２００３ , １６ .３euros were spent in average per ha AA of the EU for AEM . It reached ８９ euros per ha AA in Austria . An average of ８９ euroswere received by EU farmers per ha under AEM contract . In ２００２ , the share of agricultural land enrolled in AEM in the EU１５reached about ２５％ AA but it varies from less than ５％ in the Netherlands and Greece to more than ８０％ in Austria , Sweden ,Finland and Luxemburg ( EEA , ２００６) .
In contrast to AEM , the Nitrate Directive is mandatory for farmers . Under this Directive , Member States must identify ontheir territory surface and ground waters affected or which could be affected by pollution , as well as vulnerable zones whichcontribute to pollution . They must define a code of GFP to be implemented by farmers . They must design and implement action
programs in respect of each vulnerable zone . These action programs must include the measures prescribed in the codes of GFP .They must also include measures to limit the spreading on arable and grasslands of any fertilizer containing nitrogen and theyhave to set limits for the spreading of livestock effluents . These limits imply a control of stocking rate on the farm area .Farmers are also required to have the storage capacity for their manure in order to be able to spread them in optimal conditions .For slurry storage , this capacity reaches about ６ months in many regions . That represents a significant financial investment .Member States must monitor water quality , applying standardized reference methods to measure the nitrogen compoundcontent . This Directive is at an advanced stage of implementation by Member States and it has a significant influence on farmstructures and practices .
Two other directives have an impact on the agricultural area even if their application concern the whole area of the EU ,including outside the AA , like woodlands , wetlands , coastal and marine areas for instance . It is the Bird ( ７９ /４０９ / EEC )
(１９７９ ) and Habitat (９２ /４３ / EEC) (１９９２) Directives . They are focusing on biodiversity conservation . These directives are thelegal basis for the NATURA ２０００ network that is now covering almost ２０％ of the EU land mass . Socio‐economic activities aremaintained in this network when applicable , farming can thus be concerned . It is estimated that approximately １６％ of thehabitats in NATURA ２０００ areas depend on a continuation of extensive farming practices especially the continuation of anextensive grassland management ( EEA , ２００７a ) . Measures must be taken for maintaining or restoring , at favourableconservation status , natural habitats and species of wild fauna and flora of Community interest . Financing of the networkmanagement is coordinated with existing financial instruments . Farming inside NATURA ２０００ sites is thus part of the CAPfinancial support and , structural interventions , being part of rural and regional development policies . That induces a strongrelation between AEM and NATURA ２０００ implementation on agricultural land . The network area is almost complete butmanagement agreements with landowners and managers are still under intense , and sometimes difficult , discussions . Theidentification and conservation of High Nature Value ( HNV ) farmland was given high priority in the Kiev Resolution onBiodiversity (２００３) . It was agreed to identify all HNV areas by ２００６ and that a significant proportion of these areas would beunder biodiversity sensitive management by ２００８ . A map of HNV farmland prepared for the European Environment Agency iscurrently being updated , but a limited proportion of HNV farmland is designated as protected sites . Management of these areashas still to be implemented ( EEA , ２００７b) .
Other citizen expectations are covered by the EU product quality policy ( European Commission , ２００７ ) . It is dealing with theprotection and the promotion of products of local origin introduced in １９９２ ( PDO‐Protected Designation of Origin , PGI‐Protected Geographical Indication and TSG‐T raditional Speciality Guaranteed) ( EC No １８９８ /２００６ ) and OF . Healthy food ,superior taste and positive effects on the environment are the main expectations of the consumers related to these aspects .
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Organic farming legislation started in the EU in １９９１ ( regulation CEE ２０９２ /９１ completed and revised several times since then) ,it is supported by legislation and direct payments ( EEA , ２００７b) .
In the ２００４‐２００６ period , total support to producers felt to ３４％ Producer Support Estimate ( PSE ) , still above the OECDaverage (２９％ ) ( OECD , ２００７) . Many efforts have been made recently to simplify the CAP and the procedures .
United States policy

Historically , grasslands and shrub lands occupied about one half of the territory of the ４８ contiguous United States ( US ) ;about ５０％ of these lands have been converted to cropland , urban areas and other land uses . In ２００２ , grassland pasture andrange land covered ２３８ million ha (２５ .９％ of the US land area and ５７％ AA) ( Lubowski , ２００２ ) . Their surface increased byalmost ２ .８ million ha ( ± １％ ) f rom １９９７ to ２００２ . Total grazing land area ( grassland pasture and rangeland , cropland pastureand grazed forests) accounted for ３１７ million ha in ２００２ , which is about ３５％ of US land area . In contrast with the surface of
grassland pasture and range land only , it decreased from １９９７ to ２００２ , continuing a decline since the １９４０s . Pasture and rangesurface are converted to arable land when demand for crop products is high . However , grazing lands have been more oftenshif ted to recreational , wildlife and environmental uses . Under favourable growing conditions , particularly in the East , pastureland may revert to forest . Many rangelands are subject to brush invasion if fire is excluded and some of these brush species arefire tolerant and very difficult to control . A significant and rapidly expanding land area is being converted to urban expansionand use . These forces explain the long‐term net decline in pasture and range .
The main environmental problems associated with intensive grassland systems are soil erosion , air and water pollution , wetlandand other wildlife habitat conservation . Soil erosion is particularly important in mountain areas and in the Prairie ecosystemwhere soils are particularly sensitive to all forms of erosion including that provoked by wind . The problem is however moreacute in arable land than in grassland . As in the EU , major pollutants associated with animal production are nutrients ( nitrogenand phosphorus) , ammonia , methane , odorous gases , pathogens and dust . Animal husbandry is a significant contributor towater pollution in several regions . For instance , in the Mississippi basin , it is considered that animal manure contributes to
１５％ of the nitrogen load entering the Gulf of Mexico . Animal manure has been estimated to contribute to ５０％ of allanthropogenic ammonia emissions ,２５％ of nitrous oxide emissions and １８％ of methane emissions ( USDA ,２００７a) . About onehalf of the total manure amount is generated in pasture‐based systems , the other half by confined animals . In certainconditions , livestock grazing is also considered a factor in the decline of threatened and endangered species ( USDA , ２００７b) .The main causes of grassland and rangeland habitat degradations are overgrazing , fire suppression and invasive species .
The US policy for protecting the environment in agriculture includes education , organic and other eco‐label certification ,financial incentives , taxation , compliance mechanisms and regulatory requirements ( USDA , ２００７c and ２００７d) . The FarmSecurity and Rural Investment Act of ２００２ (２００２ Farm Bill) is the basis of policies that provide monetary supports to farmerswho develop environmentally beneficial activities . It authorized the implementation of the Environmental Quality IncentivesProgram ( EQIP) ( １９９６) that provides technical and financial assistance for managing natural resources in farms and ranches .Payments are made under ５‐to １０‐year contracts for eligible practices defined at farm level in an approved conservation plan .Livestock production attracts ６０％ of the funds . In ２００４ , more than ＄ ９５ million was devoted to unconfined livestock but mostof this amount is targeted to usual grazing operations and not to environmental problems . The ２００２ Farm Bill includes severalother programs . The Grassland Reserve Program (GRP) (２００２) is a voluntary program offering landowners the opportunity toprotect , restore , and enhance grasslands on their property ( USDA , ２００４ ) . The program aims to conserving vulnerablegrasslands from conversion to cropland or other uses and to conserving valuable grasslands by helping maintain viable ranchingoperations . The easements and rental agreements must permit common grazing practices , mowing and harvesting withrestriction during the nesting season of some bird species , fire rehabilitation , construction of fire breaks and fences . Theconservation practices are generally designed to provide feed and water for livestock production ; enhance wildlife diversity andhabitat ; protect air , soil and water resources ; and provide a basis for diversifying farm income . Practices involve prescribed
grazing ( manipulation of stocking rate , duration and distribution of grazing ) , prescribed burning , establishment of native orintroduced forage species , planting of shrubs and trees , brush management , fencing , nutrient management for optimizing yieldswhile minimizing the risk of water pollution , pest management , watering facility development , upland wildlife habitatmanagement . Several enrolment options are possible for periods from １０ , １５ , ３０ years and even permanent easement . Between
２００２ and ２００７ , ８０９ ,０００ ha had to be restored or improved for up to ＄ ２５４ million . Other USDA voluntary programs forlandowners and managers in grassland include the Conservation Reserve Program ( CRP) ( １９８５ ) , the Conservation SecurityProgram (CSP) ( ２００２) and the Farm and Ranch Lands Protection Program ( FRPP) (１９９６ ) . The CRP supports the removal ofenvironmentally sensitive lands ( especially marginal croplands) and the establishment of long‐term covers including native grasscovers . Haying and grazing are not allowed on these areas but in time of critical need such as extreme drought . In thiscondition , permission to graze or hay can be requested and permitted in some restrictive conditions as part of an approvedconservation plan but not during the bird nesting period ( １５ May to １

st August ) . The CSP provides technical and financialassistance to exemplary land managers . The FRPP aims at maintaining management to several types of official organisations andNGOs for conservation purposes . Two other programs can be adopted by farmers in grassland areas although not directlytargeting grasslands : the Wetlands Reserve program ( WRP) ( １９８５ ) ( ＄ ２ .１２５ billion between ２００７‐２０１７ ) and the Wildlife
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Habitat Incentive Program ( WHIP ) ( １９９８ ) . They are offering financial incentives for enhancing wetlands on marginalagricultural land retired from production for the control of the water cycle and biodiversity conservation ( WRP ) and forestablishing and improving wildlife habitats (WHIP) . In the ２００７ Farm Bill , several programs have been reorganised or mergedwith others for avoiding redundancy and overlapping ; the GRP for instance has been reorganised with other programs into anew �Private Lands Protection Program�but all these programs were consolidated . Five billion dollars a year will be spent forimproved soil , water and wildlife resources on ２ .１ million farms . More than １６ .１９ million ha of important habitat for prairiebirds and waterfow l will be conserved ( NWF , ２００７) .
The main regulatory requirements for grassland farmers are defined in the Clean Water Act ( CWA) (１９７２) and the EndangeredSpecies Act ( ESA ) ( １９７３ ) ( USDA , ２００７d ) . The Nonpoint Source Program of the CWA requires States to developmanagement programs in agriculture . They are usually based on voluntary actions and funded ( ＄ ２００ million in ２００５) for theadoption of best management practices for animal manure and land manager education programs . Confined animal feedingoperations ( feed lots) that are considered as point source of pollution under the CWA , must obtain permits for the productionarea ( animal housing and manure storage) and for the land area where the manure is spread . This regulation may imposesignificant costs for manure management . Under the ESA , private landowners cannot develop activities in grasslands that canharm endangered species unless they obtain a permit from the US administration . ESA may also concern the irrigation ofintensive grasslands because water pumping must not threaten the flow of rivers supporting endangered species like salmon .
In ２００６ , total support to producers felt to １１％ PSE , less than the half of the OECD average ( OECD , ２００７ ) , and １１％ wasdevoted to conservation and forestry on agricultural land ( USDA , ２００７e) . Although the GRP is a relatively new program ,several other programs were initiated at the end of the eighties or in the beginning of the nineties of the ２０th century . Theconservation policy in agriculture as a whole clearly tackles all environmental aspects , with a relatively strong emphasis onwildlife and habitat conservation and restoration . In the last Farm Bill , there is a trend of a better horizontal integration ofenvironmental problems in the legislation . An improvement in analytical methods for the evaluation of agri‐environmental
policies is desirable for a better targeting of fields and farmers to be supported in order to achieve better environmental results( OECD , ２００７) .
Canada policy

Agricultural land in Canada occupies ６８ million ha which corresponds to only ７ .３％ of total country land mass . That reflectsthe huge importance of the ta甭ga and the tundra in this immense country . Grazing land (３０％ AA and about ２０ million ha) andforage crops (１１％ AA and about ７ million ha) , including lucerne ( ７％ AA) , cover ４１％ of the AA . About ８０％ ( ２３ millionha) of native rangeland and seeded forages are located in the Prairie Provinces . Crop land and set‐aside were reduced in favourto cultivated and sown grazing land due to the decrease of agricultural income , low prices and natural disasters . For instance ,the area of crop land was reduced by １ .３％ between ２００１ and ２００６ and , more importantly , the surface of sown grazing land hasincreased by １８ .５％ between １９５６ et ２００６ , because crop land and set‐asides have been sown with forage plants for grazing inorder to cover the feeding needs of cattle that were not slaughtered because of the crisis of Bovine Spongiform Encephalopathy(BSE) . The surface of �other agricultural lands�that include woodlands and wetlands ( ９％ AA ) , has increased by １２ .９％between ２００１ and ２００６ as a result of governmental policies that pay farmers for the management of the environment or by thefact that some farmers can find other incomes sources by producing wood instead of food . During the same ５‐year period , lowcrop prices and high input prices have lead farmers in many provinces to abandon annual crops for perennial forage plants likelucerne , cropped hay and sown grazing land ( Statistics Canada , ２００８) .
Prairie soils are sensitive to wind , water and tillage erosion . Some of them are affected by salinity ( about １ .４ million ha aremoderately to severely affected) . They lost １４‐４０％ of their organic matter originally present before cultivation began . Water
quality can be a problem for the same reasons than in the EU . Although grasslands and rangelands offer a protection for thesesensitive Prairie soils , notably against soil erosion , a survey has shown that more than half of Prairie rangelands is in less than
good condition . Their condition could be improved through the implementation of planned grazing systems combined with somerange management techniques . That could increase production , reduce soil erosion , create wildlife habitats and increase SOMcontents . The group of farms that is the most specialised in grassland use ( more than ７０％ of their land used for grazing andforage) is located in the drier areas and along the geographical limits of agriculture . These farms are very important areas ofbiodiversity . In １９９６ , ７１％ of their farmland was in native vegetation ( Smith & Hoppe , ２０００ ) . The main factor responsible ofdegradations of the grassland area has been an intensification of agriculture across much of the country ( McRae & Smith ,
２０００) .
Agricultural policy is defined in a Policy Framework ( AFP ) ( AAFC , ２００８ ) . It is revised every ５ years ( ２００３‐２００８ ) andincludes an environmental pillar . This program aims to enhance soil , water , air and biodiversity . Among the goals beingconsidered for environment are the implementation of conditions that ensure compatibility between biodiversity and agricultureas well as the reduction of ( i) water contamination from nutrients , pathogens and pesticides , ( ii) agricultural risks to soilhealth and soil erosion , ( iii) particulate emissions , odours and greenhouse gases . The environmental pillar of the AFP includeseveral programs , some of them are related directly with grasslands : Environmental Farm Planning ( EFP ) , Greencover
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Canada , National Agri‐Environmental Standards Initiative ( NAESI ) , National Agri‐Environmental Analysis and ReportingProgram ( NAHARP) , National Farm Stewardship Program ( NFSP) , National Water Supply Expansion Program ( NWSEP) ,Shelterbelt Enhancement Program ( AAFC , ２００８) . It is not possible to describe them all in this paper . The Greencover Canadaprogram ( ＄ １１０ million in ５ years ) aims at improving grassland‐management practices , protect water quality , reducegreenhouse‐gas emissions , and enhance biodiversity and wildlife habitat by converting environmentally sensitive land toperennial cover , including on agricultural land near water , and by planting trees on agricultural land . The ShelterbeltEnhancement Program offers an increased access to trees , weed‐controlling materials and specialized mulch applicationequipment for the planting of hedges .
The Community Pasture Program is managed by the Prairie Farm Rehabilitation Administration . It is not an AFP program . Itis the largest and longest‐running contribution to soil conservation . Created in the １９３０s to reclaim badly eroded areas on thePrairies , the program has returned more than １４５ ,０００ hectares of poor‐quality cultivated lands to grass cover . It currentlyencompasses in excess of ９００ ,０００ hectares of productive rangeland . The program uses cattle grazing as a tool for maintaining adiverse landscape , representative of the natural Prairie ecosystems . It aims at combining an environmentally responsiblemanagement of bio‐diverse rangelands with the utilization of the resource to complement livestock production . The programinvolves each year about ３ ,０００ producers , ２２０ ,０００ head of livestock and over ３ ,０００ bulls . The Prairie Shelterbelt Program isanother non‐AFP environment program : it offers the opportunity to producers in the Prairie to get tree and shrub seedlings forthe cost of shipping and handling .
In particular , biodiversity conservation goals in grassland are achieved mainly through the following programs : EFP , NFSP ,Prairie Shelterbelt Program and Shelterbelt Enhancement Program . Experiences of invasive species control in grassland havebeen conducted by agreements between the Prairie Farm Rehabilitation Administration and the Canadian Wildlife Service . Cattleare used on site at risk for the implementation of good grazing practices that increase the number of different plant species onrangeland and create patchy habitats which enhance biodiversity .
In the ２００４‐２００６ period , total support to producers felt to ２２％ PSE , below the OECD average ( OECD , ２００７ ) . In the past ,agricultural policy has focussed mainly or exclusively on economic and production objectives . Recent policy reforms have been
guided by environmental considerations , along with more traditional social and economic criteria ( MacGregor & McRae ,
２０００) . Although , agriculture has made since then considerable progress in conserving the natural resource , some soils remainat risk of severe degradation and agriculture摧s compatibility with natural systems is still in balance . Conversion of arable landinto permanent grassland cover offers a good opportunity to mitigate greenhouse gas effects by increasing SOM contents ,especially in the Prairie soils that were originally rich in carbon and that can fix a lot of this element .
New Zealand policy

About ４５％ of the NZ territory is used for agriculture ( all types of woodland and shrubland excluded) . Grasslands and other
grazing areas occupy the main part of the AA ( １１ .５ million ha) . In ２００２ , grassland represented ６８％ ( ８ .２ million ha) , tussockand Danthonia used for grazing ２７ .５％ ( ３ .３ million ha ) , arable land including fodder crops ３ .５％ and horticulture １％ .Between １９９４ and ２００２ , the importance of grazing and arable lands has decreased by １２％ , while horticultural land use andwine grapes have increased . The area planted in production forest has increased by more than a quarter since １９９４ as marginalfarming land is converted . The intensity of grassland use has increased as sheep numbers continue to decrease and dairy cattlenumbers increase ( Statistics New Zealand , ２００７) . Deer numbers have now approached those of cattle .
NZ lost much of its original biodiversity and habitats since colonization by man : ９０％ of wetlands , ８５％ of low land forest areasand ９０％ of tall tussock grasslands were destroyed , ５０％ of endemic bird species are extinct . Most grassland swards aredominated by exotic species , including European forage grasses and legumes . The biological context of the country ecosystemsis thus particularly artificial but agriculture kept for long a �green and clean�image because the farming economy wasdominated by extensive sheep and beef systems using low levels of inputs . Grassland production was traditionally based on
grass‐clover mixtures and the use of synthesis nitrogen fertilizers was much lower than in many European countries yet attainedsimilar levels of animal production . In recent years , the fast intensification of NZ grassland systems exerted an increasing
pressure on the environment and biodiversity . Intensification occurred from increasing dairy cow numbers through conversionsfrom sheep and beef farming and intensification of dairy systems themselves ( up to ３ .０‐３ .５ cows/ ha now ) . That lead tosignificant increases in inputs , both nitrogen and concentrated feed , and hence losses of nutrients . Surface and ground water
quality is threatened by the increase in the use of synthetic fertilizers , especially nitrogen and phosphorus . A growing use ofirrigation water depleted water reserves and increased nitrate leaching . Higher stocking rates induced microbial pollution insurface water . Increasing numbers of animals , especially dairy cows , lead to high emissions of methane and ammonia into theatmosphere . Intensification of grassland management is threatening local biodiversity . The quality of the environment degradedthus rapidly because of these changing farming structures and practices ( PCE , ２００５) .
NZ is now at a turning point for improving environmental impacts of its agriculture . The Polluter Pays principle has never beenapplied in the past and very few specialised programs helped or constrained farmers to take actions ( Salmon , ２００７ ) . Some
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regulations are dealing with animal welfare , use of chemical pesticides and veterinary drugs , natural resource and conservationbut the most significant legislation about the impact of farming on the environment is the Resource Management Act １９９１( RMA) . The objective of this Act is to promote the sustainable management of natural and physical resources including soil ,water , air , biodiversity and the coastal environment . It should be implemented through national policy statements and till nowonly one has been released , on air quality , in ２００４ . Most responsibilities under the RMA are assigned to regional and districtcouncils . Regional councils develop their own plans on air , water and soil , and provide frameworks for district plans on landuse , landscape and biodiversity ( PCE , ２００５ ; Anon . , ２００５ ; OECD , ２００７ ) . The Sustainable Farming Fund ( SFF) ( ２０００ ) isanother policy program that aims at improving the productive and environmental performances . It is based on community‐drivenprojects . Many projects funded under SFF focus on efficient water use . In recent years , a project has been developed aroundLake Taupo , which is under severe threat of eutrophication , for the control of water quality and nitrogen release by farmingactivities . The discussions with relevant partners are still under progress . The expectation is that nitrogen use on intensivepastures will decline and NZ will aim to return to the high quality grass , clover pastures that sustained dairy farming for muchof the past century . That will though probably require a reduction in stocking rates . The Pastoral Greenhouse Gas ResearchConsortium ( PGGRC) was established in ２００２ and combines the industry and the government . It aims at discovering innovativeways to reduce CH４ and N２O emissions .
Two recent programs (２００３) are focusing on water quality : the Sustainable Water Program of Action and the Dairying andClean Streams Accord . The objective of the first one is maintaining water quality and ensuring water availability including forirrigation . The Program of Action , co‐led by the Ministry of Agriculture and Forestry and the Ministry of Environment , aims
inter alia at raising public awareness on water management issues and to disseminate good practices for riparian managementand fertilizer and pesticide uses . The second program , grouping the dairy cooperative �Fonterra�, the ministries and regionalcouncils , has developed targets for achieving clean water in dairying areas including stock exclusion and regulating streamcrossings .
The expectation of New Zealanders for a quality environment is obvious and that is the reason why a report , �Growing forGood�, has been coordinated by the Parliamentary Commissioner for the Environment for analysing the situation and exploringtracks of solutions ( PCE , ２００５ ) . The Government decision on climate change in ２００７ could be a first step in a change ofattitude of public authorities towards the responsibility of the farming sector for its impact on the environment . It expresses awillingness to put a price on agriculture摧s greenhouse gas emission . However , farmers will be exempted of payment until ２０１３and will not pay the full cost of their emissions before ２０２５ ( Anon . , ２００７) . This legislation could lead to other regulations onthe protection of water and soil resources in agriculture ( Salmon , ２００７) . There is thus an urgent need for an organisation thatcould : stimulate a constructive dialogue around the farming sector , create a vision for NZ farming that should be moresustainable , facilitate research to support dialogue and promote technical solutions ( PCE , ２００５ ) . At this stage , workinggroups , research and innovation , technology transfer including in pilot projects , communication and engagement seem to play acrucial role for moving forward . In the dairy sector , the main priorities are the control of nitrate and phosphate losses to water ,of microbial contamination of surface water , of water availability and of greenhouse gas emissions ( Anon . , ２００６) .
Total support to producers was １％ PSE in ２００４‐２００６ . It is the lowest of the OECD . The ２００７ OECD report concludes that
�efforts for environmentally sustainable development should continue�. The new environmental policy for agriculture in NZcould guarantee the access of farming products to overseas markets where good environmental practices could be required for theaccess to the market .
Australia policy

About ５９ to ６７％ ( according to the way of calculation) of Australia land摧s area is used for agriculture in the World摧s driestinhabited continent . The vast majority of this farmland (４０８ million ha and ９０％ AA) is rangeland and is used extensively withsheep and beef cattle though native kangaroos still contribute significantly to grazing pressures , particularly since more watering
points were developed . A particular feature of the continent is the high rainfall variability which makes optimising pasturemanagement , stocking rates and avoiding over‐grazing very difficult . Sown pastures and grasses occupy ５％ (２４ million ha) andcrops ５％ ( Australian Bureau of Statistics , ２００７ ) . Intensive pasture‐based dairy production has been located along coastalfringes especially in the South‐East where soils and rainfall are the more favourable and also in inland irrigation districts ,
particularly along the increasingly stressed Murray and other rivers . The trend has been for dairy farms to move inland , in partbecause of high land values on the coast , and also to be closer to where cereals are grown to reduce feed costs , to accessirrigation and to access more land . On intensive farms , the typical forages vary from temperate perennial grasses and legumes ,to tropical perennial grasses and to annual forage crops . No native species are used , they are more relevant in medium to lowrainfall areas and for sheep and beef cattle . The availability of quality land is though a constraint , which leads to pressures tointensify production and attendant environmental issues . Land prices are though less than in New Zealand which has resulted inNew Zealand farmers crossing the Tasman Sea to expand dairy farming .
In recent years , all livestock type numbers increased except sheep . Total cattle numbers are now twice that of sheep , on ananimal unit basis . The number of dairy cows increased from １ .６５ million in １９８９ /１９９０ to ２ .３７ million in ２００１ /２００２ . Intensive
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production systems are thus increasing in importance . In １９９９‐２０００ for instance , the crop area increased by ２％ and the areadevoted to sown pastures and grasses by ６％ . Irrigation is crucial ; the irrigated area is only about ５％ but it produces about
２５％ of the gross agricultural production value . Irrigation of pastures is though increasingly considered an important cause ofsalinisation and waste of water , though many dairy farms depend upon it . Soil degradation caused by farming activities is amajor problem . It includes soil salinity in irrigated and non‐irrigated lands , soil sodicity and soil acidity . Soil sodicity togetherwith overgrazing induce soil erosion which contributes to a large sediment loading of rivers .Water quality is severely threatenedby farming activities also because of increasing sodium , nutrient and pesticide concentrations in rivers . In part , this reflects thelow flow rates in rivers , which increases concentrations . Soil acidity is increased through pasture improvement and nitrogenfertilisation ( PCE , ２００５) , mainly on the less productive land ; lime applications are more profitable on more profitable land .
Since ２００１ , the country has faced an extensive and devastating drought that has focussed the attention on water utilisation andquality . The areas irrigated declined dramatically and the cost of purchased fodder escalated .
The Natural Heritage T rust ( NHT ) has been created in １９９７ by Environment Australia and the Ministry of Agriculture ,Forestry and Fisheries for restoring and conserving the environment and natural resources . It builds on earlier programsoriginally developed in partnership with farmer organisations and relies heavily on community volunteers . It has threeobjectives : biodiversity conservation , sustainable use of natural resources , community capacity building and institutionalchange . The Trust provides funds for environmental activities at three levels : national investment delivered in accordance withthe National Strategic Plan , regional investment delivered in conjunction with the NAP ( see below ) and local action deliveredthrough the Australian Government Envirofund . The Government committed ＄ １ .９７５ billion for ５ years from ２００８‐２００９ to
２０１２‐２０１３ . The following １０ areas of activity define the scope of the NHT :

瞯 protecting and restoring the habitat of threatened species , threatened ecological communities and migratory birds ;
瞯 reversing the long‐term decline in the extent and quality of native vegetation ;
瞯 protecting and restoring significant freshwater , marine and estuarine ecosystems ;
瞯 preventing or controlling the introduction and spread of feral animals , aquatic pests , weeds and other biological threatsto biodiversity ;
瞯 establishing and effectively managing a comprehensive , adequate and representative system of protected areas ;
瞯 improving the condition of natural resources that underpin the sustainability and productivity of resource‐basedindustries ;
瞯 securing access to natural resources for sustainable productive use ;
瞯 encouraging the development of sustainable and profitable management systems for application by land‐holders andother natural resource managers and users ;
瞯 providing land‐holders , community groups and other natural resource managers with the understanding and skillsnecessary to contribute to biodiversity conservation and sustainable natural resource management ;
瞯 establishing institutional and organisational frameworks that promote conservation and the ecologically sustainable useand management of natural resources .While these programs are not directly aimed at agriculture , they have influenced the ways farmers manage their land .

The National Land and Water Resources Audit was organised by the NHT for assessing the status of natural resources notablyon soil , water , vegetation cover and rangeland monitoring .
The Australian State and territory governments adopted the National Action Plan for Salinity and Water Quality ( NAP ) in
２０００ . In conjunction with the NHT , it forms the basis for the delivery of Australia摧s integrated regional natural resourcemanagement initiatives . NAP funding reaches ＄ １ .４ billion over seven years ( ２００１‐２００８ ) . The NAP is jointly delivered at aregional level with the NHT . Under this program , government , community groups , individual land managers and localbusinesses work together to reduce salinity problems and improve water quality at regional level . It supports practical remediessuch as the protection and rehabilitation of waterways , improvements of native vegetation , engineering works , and land andwater use changes ( Australian Government , ２００８ ) . The National Landcare Program ( NLP ) funding is delivered under theNatural Resources Management Act １９９２ . It is a longstanding program within the Department of Agriculture , Fisheries andForestry . It is an additional and complementary program to the NHT . It is financially supported by the Government ( ＄ １５１million over ４ years from ２００８‐２００９ to ２０１１‐２０１２ ) and provides funding to encourage action that will result in enhancedsustainable natural resource management ( land , water and biodiversity ) at the farm , catchments and regional level . Itstimulates landholders by supporting collective action by communities . The NLP has been highly effective in encouragingfarmers to adopt sustainable management practices and improve their productivity , profitability and the condition of naturalresources , both on and off farms . Around ７５％ of primary producers are involved in Landcare type activities or benefit from theshared knowledge gained from these activities ( Landcare Australia , ２００８ ) . The main concerns have been that many activitieshave focused on�hot‐spots�in the landscape , limited work has been done at e .g . farm scale and most land managers have onlyadopted part of better environmental management practices on their own properties . Ways of demonstrating the productionbenefits from improved environmental practices are seen as a needed area of research to continue to improve on‐farm practices .The Program is though judged a great success at reversing many problems and at improving land management generally .
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In ２００６ , the National Agriculture and Climate Change Action Plan ２００６‐２００９ was released . It identifies four key areas tomanage climate change risks : adaptation of agricultural systems , mitigation to reduce emissions from agriculture , research anddevelopment investment , awareness and communication to improve the understanding of the problem by rural communities .Several audits have been carried out for agricultural sectors and regions . They have identified problem areas . That was the basisfor actions implemented in collaborations between local governments , industries and other organisations . They have definedcodes of good practices . The good management practice schemes are considered to be successful because they are industry led ,implemented on a voluntary basis and strongly supported by external organisations . They are flexible and simple to use , theyhave clear and achievable objectives and focus on practical issues .
Achieving results for the environment in agriculture in Australia was delayed for long by conservative , market‐oriented federal
policies . Until recently in Queensland and earlier in other States , to retain their rights over leased land , farmers were requiredto clear the land irrespective of the merits of doing so ! However , Australian citizen摧s attitudes are changing ; farming is no morea question to conquer the land but to adapt the systems to the natural limits . Experience has been that most farmers would nowretain or restore １０％ or so of their farms in a natural state , but going beyond this limit requires Government support .Biodiversity conservation on farms has seen some experimental approaches . In the State of Victoria , farmers were invited totender for the cost of restoring or maintaining special areas on their farms . This has proved popular and more cost‐effective thansetting payments by Government . Dairy farms are conscious of limiting any nutrient losses into waterways and more riparianzones are fenced to exclude livestock . Models to help farmers better manage nutrients are available , backed by research whichshowed that the economic levels of fertiliser were often significantly lower than what farmers were applying .
Recent years have highlighted the need to better manage water in the landscape . Better pasture management will result in morewater being captured and used on farms . Water ways are likely to be constructed on farms as a �chain of ponds�, whichimprove the available water for pastures in lower parts of the landscape . The net effect could be less water in rivers and forirrigation in below average rainfall years , but limited change in above average years . How intensive livestock industries adapt tothis will take time to resolve .
Total support to producers was ５％ PSE in ２００４‐２００６ . It is the second lowest of the OECD after NZ . The agri‐environmental
policy aims have been to encourage self‐regulation by industries and to find market‐based solutions wherever possible to providein‐built incentives for change . The ２００７ OECD report concludes that although natural resource policies have been expanded andstrengthened , concerns remain for soil quality , pressure from sheep and cattle grazing on sensitive habitats , state andfragmentation of habitats in some areas . As for NZ , future exports of agricultural products should be ensured by areinforcement of agri‐environmental policies .
Discussion

Intensive grassland systems have succeeded in increasing yields and quality of forages . That ensured a fast increase of the total
production of milk , meat and fibres and these productions per ha . This process was accompanied by many other fundamentalchanges that can be called the �silent revolution�of traditional farming systems . These changes included a huge decrease offarmer摧s population , an increase of farm size , a general modernisation of agriculture that used much more inputs than in the
past like nitrogen and other fertilizers , soil amendments , herbicides , irrigation , concentrate feed , fodder crops including maize .Many investments were made in buildings and machinery . Specialisation in animal husbandry systems lead to importantdifferences in grassland management . All these changes induced enormous productivity gains whose benefits were largelytransferred to the rest of the society . The farming sector provided also the manpower that was necessary in other sectors of theeconomy . These systems provided safe food at a relatively low price and in a regular manner ( food security ) for the consumers .The success of intensive grassland systems in reaching its goals is thus unquestionable .
However , several unforeseen effects of these systems progressively appeared : landscape changes , biodiversity reduction ,
pollution , misuses of natural resources and degradation in product taste . In some areas , irrigated forage production started tocompete with industry and urban areas for water use . The geographical concentration of the systems induced abandonment ofmarginal areas and a reduction of landscape diversity in intensive regions . Many changes had a negative impact on theattractiveness of tourist regions and on recreation possibilities in general . All these consequences of intensification changed thevision of citizens on agriculture that was no longer considered as a �clean�activity , close to nature , but as an industry likeanother . Grasslands are however considered as less detrimental than crops . At the same time , grassland farming is keeping a
particular responsibility in the society because it is managing important surfaces ( especially in the EU , USA , Australia andNZ) . In the future , although modern grassland systems must be market‐oriented , they must also be environment‐f riendly andmultifunctional for responding to all demands of the society . For instance , in some regions tourism now generates more incomethan livestock e .g . semi‐arid Australia , Pantanal in Brazil , Portugal and Spain which means that farmers seek to keep their
grasslands in an attractive state but that is a trend for extensive grassland systems rather than for intensive ones .
Policy responses to these problems were very diverse across the continents . All agri‐environmental policies are focusing mainlyon reduction of nitrate and phosphate pollutions , biodiversity conservation or restoration , landscape protection including aspects
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of the natural and the cultural heritages , better use of soil and water resources . More recently , policies were developed onclimate change mitigation . In Europe , policies on local origin products , OF and the promotion of tasty products are particularlyimportant . Many questions can be raised about the efficiency of these policies . Are the funds sufficient compared with thechallenges and other agricultural policies ?Are the programs efficient for improving the environment and restoring biodiversity ?Are the methods of the programs adequate ? It appears that the budget associated with environmental policies remains rathermodest . Support to farmer摧s income should be more envisaged as a reward for their positive contribution to land and naturalresource management as well as to biodiversity restoration instead as a financial help for supporting them to compete with other
producers on the World market . Environmental payments need to be a separate income stream that should be divorced from anyconsiderations of production , so that they do not distort markets for agricultural products . The transition between this newagricultural policy and the old ones based on price or production support is not yet totally achieved , especially in the EU , USAand Canada . In Australia and NZ , the situation is almost the reverse with regard to the World market , but the proportion ofthe budget devoted to agri‐environmental policies is still too small , much smaller than in the other OECD countries . Studies onthe efficiency of AEM in the EU have shown hat they were relatively unable to restore biodiversity and even to slow down itsdecline ( Kleijn , et al . , ２００１ ; Kleijn et al . , ２００４ ; Feehan et al . , ２００５ ; Aviron et al . , ２００７ ; Wilson et al . , ２００７ ) . Theyshould be better targeted , farmers should receive more advice from experts and AEM contracts should last longer for producingresults . Although more expensive to control , performance‐based measures are probably more effective than measures based onmean obligations . For instance , a minimum plant species density in a meadow could be a better target of an AEM comparedwith the date of a late cut . A revolution has still to be done in farmer摧s mind to transform them in biodiversity and landscape
producers in addition to their role of food , fuel and fibre producers . In most cases AEM were also unable to recreate anecological network because they are applied at a farm and not at a landscape level . Community projects should thus beencouraged like it is in Australia for instance . These projects , associating several farmers working in the same area , could takedifferent forms that should be experimented and progressively formalised . The identification of HNV farmlands in Europe is anexcellent initiative but specific funds should be associated to the implementation of managements adapted to these areas . Thesame is true for the management of NATURA ２０００ areas . With regard to natural resources and pollution , better results areexpected compared with biodiversity . Long‐term programs are although also necessary .
Considerable efforts have been devoted to the development of agri‐environmental indicators but data are still dramatically lackingon species‐rich grasslands and on plant and insect diversity in grasslands . Almost no data are available on soil life that is thoughextremely important for the ecosystem . More data are available on birds and chemical components of the grassland habitat .Environmental agencies should devote more efforts to collect data on the field and by remote sensing techniques . It is difficult todesign and to evaluate policies without this crucial information . Applied research , policy evaluation and continuous adaptationsof these policies are necessary to achieve tangible results in the improvement of the environment . Although socio‐economic andecological conditions are very different from one continent to another , lessons from failures and successes of agri‐environmental
programs should be more exchanged between OECD members .
Results achieved by agri‐environmental policies are now facing a new threat , the development of agro‐fuels . Agro‐fuels fromthe first generation could induce a reduction of grassland surface and a further intensification of grasslands . That would provokenew environment degradations . Second generation agro‐fuels could be an opportunity if perennial forage plants could be used forthe purpose of energy production . Much attention should be paid to this new challenge of the World agriculture .
Acknowledgement

The author would like to thank Dr V .G . Allen ( Texas Tech Univ . , USA) , D . Kemp ( University of Sydney , Australia) andG . Sheath ( AgResearch , New Zealand) for reviewing this paper and providing information .
References

AAFC ( Agriculture and Agri‐Food Canada) , ２００８ . Agricultural Policy Framework . http :/ / www４ .agr .gc .ca/ AAFC‐AAC/display‐afficher .do ?id ＝ １１７３９６９１６８６７０&lang ＝ eAnon . , ２００５a . Strategic framework for New Zealand摧s future dairy farming and industry ２００５‐２０１５ . New Zealand DairyIndustry : １３ pp .Anon . , ２００５b . Agri‐environment Measures . Overview on General Principles , Types of Measures , and Application . EuropeanCommission , Directorate General for Agriculture and Rural Development : ２４ pp .Anon . , ２００６ . Dairying for the environment , a summary of the Sustainable Environmental Management Strategy . New ZealandDairy Industry : ７ pp .Anon . , ２００７ . New Zealand摧s climate change solutions : Sustainable land management and climate change . Plan of action , a
partnership approach . Ministry of Agriculture and Forestry : １８ pp .Australian Bureau of Statistics , ２００７ . Products by topics . http :/ / www . abs . gov . au/AUSSTATS/ abs ＠ . nsf /ProductsbyTopic/ A８９F５１DCB５E２E３１BCA２５６８A９００１３９４２９ ?OpenDocumentAustralian Government , ２００８ . National Action Plan for Salinity and Water Quality .http :/ / www .napswq .gov .au/Aviron ,S . ,Jeanneret ,Ph . ,Schüpbach ,B . ,Herzog ,F . ,２００７ . Effects of agri‐environmental measures , site and landscape



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]37　　　 瞯

conditions on butterfly diversity of Swiss grassland . A griculture , Ecosystems & Env ironment １２２(３) : ２９５‐３０４ .Benton , T .G . , Vickery , J .A . , Wilson , J .D . , ２００３ . Farmland biodiversity : is habitat heterogeneity the key ? Trends inEcology & Evolution １８ , １８２‐１８８ .EEA ( European Environment Agency ) , ２００６ . Integration of environment into EU agriculture policy — the IRENA indicator‐based assessment report . EEA Report No ２ /２００６ : ６０ pp .EEA ( European Environment Agency ) , ２００７a . Estimating the environmentally compatible bioenergy potential fromagriculture . EEA Technical report : １３４ pp .EEA ( European Environment Agency) , ２００７b . Europe摧s Environment . The fourth assessment . EEA : ４５２ pp .Europa , ２００７ . Pollution caused by nitrates from agricultural sources . http :/ / europa .eu/ scadplus/ leg / en/ lvb/ l２８０１３ .htmEuropean Commission , ２００７ . European Policy For Quality Agricultural Products . Fact sheet . European Communities : １１ pp .Eurostat , ２００８ . Agriculture and Fisheries . http :/ / epp .eurostat .ec .europa . eu/ portal/ page ? ＿ pageid ＝ ０ ,１１３６２０６ ,０ ＿

４５５７０４６４& ＿ dad ＝ portal& ＿ schema ＝ PORTALFeehan , J . , Gillmor , D . A . , Culleton , N . , ２００５ . Effects of an agri‐environment scheme on farmland biodiversity in Ireland .Agriculture , Ecosystems & Environment １０７(２‐３) : ２７５‐２８６ .Kleijn , D . , Berendse , F . , Smit , R . , Gilissen , N . , ２００１ . Agri‐environment schemes do not effectively protect biodiversity inDutch agricultural landscapes . Nature ４１３ , ７２３‐７２５ .Kleijn , D . , van Zuijlen , G . J . C . , ２００４ . The conservation effects of meadow bird agreements on farmland in Zeeland , TheNetherlands , in the period １９８９‐１９９５ . Biological Conservation １１７(４) : ４４３‐４５１ .Landcare Australia , ２００８ . http :/ / www .landcareonline .com /Lubowski , R . N . , Vesterby , M . , Bucholtz , S . , Baez , A . , Roberts , M . J . , ２００６ . Major Uses of Land in the United States ,
２００２ . Economic Information Bulletin No . ( EIB‐１４) : ５４ pp .MacGregor , R . J . , McRae , T . , ２０００ . Driving Forces Affecting the �Environmental Sustainability of Agriculture , inEnvironmental sustainability of Canadian agriculture , Report of the agri‐environmental indicator project�, McRae , T . ,Smith , C .A .S . , Gregorich , L .J . ( editors) . Research Branch , Policy Branch , Prairie Farm Rehabilitation Administration ,Agriculture and Agri‐Food Canada : ２１‐２８ .McRae , T . , Smith , C .A .S . , ２０００ . Conclusions in�Environmental sustainability of Canadian agriculture , Report of the agri‐environmental indicator project�, McRae , T . , Smith , C .A .S . , Gregorich , L .J . ( editors ) . Research Branch , PolicyBranch , Prairie Farm Rehabilitation Administration , Agriculture and Agri‐Food Canada : １９７‐２０３ .NWF , National Wildlife Federation , ２００７ . Conservation priorities for the ２００７ Farm Bill . NWF : ３ pp .OECD , ２００７ . Agricultural policies in OECD countries : monitoring and evaluation ２００７ . OECD : ２４０ pp .Parliamentary Commissioner for the Environment ( PCE) , ２００５ . Growing for Good : Intensive farming , sustainability and NewZealand摧s environment . Welling ton , Parliamentary Commissioner for the Environment : ２３６ pp .PECBMS , ２００７ . State of Europe摧s Common Birds , ２００７ . CSO /RSPB : ２４ pp .Robinson , R .A . , Sutherland , W .J . , ２００２ . Post‐war changes in arable farming and biodiversity in Great Britain . Journal o f
A p p lied Ecology ３９ , １５７‐１７６ .Robinson , R .A . , Wilson , J .D . , Crick , H .Q .P . , ２００１ . The importance of arable habitat for farmland birds in grasslandlandscapes . Journal o f A p p lied Ecology ３８ , １０５９‐１０６９ .Salmon , G . , ２００７ . Sustainability issues in New Zealand agriculture‐and possibilities for collaborative resolution of them .Proceedings of the New Zealand Grassland Association ６９ , １１‐１５ .Smith D .G . , Hoppe T .A . ( eds) , ２０００ . Prairie Agricultural Landscapes . A Land Resource Review . Agriculture and Agri‐Food Canada , Prairie Farm Rehabilitation Administration : １７９ pp .Statistics Canada , ２００８ . Agriculture .http :/ / cansim２ .statcan .ca/ cgi‐win/ cnsmcgi .pgm ?Lang ＝ E&SP ＿ Action ＝ Theme&SP
＿ ID ＝ ９２０Statistics New Zealand , ２００７ . Primary production . http :/ / www .stats .govt .nz / economy / primary‐production/ default .htmUSDA , ２００４ . Grassland Reserve programme . Environmental Assessment . USDA , Natural Resources Conservation Service ,Farm Service Agency : ２８ pp . ＋ ７ annexes .USDA , Economic Research service , ２００７a . Environmental Interactions with Agricultural Production : Animal Agriculture andthe Environment . http :/ / www .ers .usda .gov /Briefing / AgAndEnvironment / animalagriculture .htmUSDA , Economic Research service , ２００７b . Environmental Interactions with Agricultural Production : Grazing Lands andEnvironmental Quality .http :/ / www .ers .usda .gov /Briefing /AgAndEnvironment / grazinglands .htmUSDA , Economic Research service , ２００７c . Environmental Interactions with Agricultural Production : Policy Instruments forProtecting Environmental Quality .http :/ / www .ers .usda .gov /Briefing /AgAndEnvironment / policy .htmUSDA , Economic Research service , ２００７d . Environmental Interactions with Agricultural Production : Federal Laws ProtectingEnvironmental Quality . http :/ / www .ers .usda .gov /Briefing / AgAndEnvironment / federallaws .htmUSDA , ２００７e . ２００７ Farm Bill . http :/ / www .usda .gov / wps/ portal/ usdafarmbill ?navtype ＝ SU&navid ＝ FARM ＿ BILL ＿FORUMSWilson , A . , Vickery J . , Pendlebury , C . , ２００７ . Agri‐environment schemes as a tool for reversing declining populations of
grassland waders : Mixed benefits from Environmentally Sensitive Areas in England . Biological Conservation １３６(１) : １２８‐
１３５ .



瞯 ]38　　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　



G r as sl an d s/ R an g el and s

R esou r c es and E col o g y

——— Ecology of

Grasslands/ Rangelands





　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]41　　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Rangeland ecology and management in a changing world
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Key points : Rangeland ecological science and management over the past century has emphasized external human actions tosupplement and direct natural ecological processes in the hope of achieving sustained production . The focus has usually been onan improved efficiency of production , generally achieved by adding fossil fuel based inputs , to increase consistency of harvest .The results have been relatively benign in the more mesic and fertile rangelands and unsuccessful to disastrous in the more aridand infertile areas . We suggest a broader view of the interactions of humans and rangelands , one that includes people as a vitalcomponent within the system , might be a more realistic approach to achieving economic , ecological and social sustainability . Anincreased emphasis is necessary to develop new tools for capturing , organizing and communicating information and to providetestable hypotheses that can advance rangeland ecological science and management .
Key words : ecological site descriptions , state and transition models , multiscale management , ecological disturbance
The ecology of rangelands :people are really important Rangelands are often defined as any lands that are not considered arable orforest , and capable of providing support for human well‐being from the native or naturalized vegetation ( SRM １９８９) . Estimatesof the global extent of rangelands generally range from ６０％ ～ ７５％ of total land area , with occurrence on every continent otherthan Antarctica . Although definitions and inventory procedures vary somewhat , several aspects of the ecology of rangelandsemerge .
All rangelands , both by their nature and our definition , are managed . Regardless of the broader context of social and economicsystem within which they exist , there are no rangelands beyond influence by human decisions . Even in seemingly remote areaswhere it may be difficult to detect direct human influence , the historical impact , as well as the current influence on the globalclimate and atmospheric chemistry , link people and rangelands inextricably . Thus , the concept of pristine摧may be academicallyinteresting , but is of little use to people in inventorying , planning and assessing rangelands .
Rangelands , in addition to the managerial definition , are also defined functionally by their limitations , generally low and/ orerratic rainfall , infertile or rocky soils , difficult topography or inaccessibility . These limitations are important because theydefine what we can expect from rangelands . Too often , these limitations are ignored and humans suffer because of it . From amanagement perspective , the greater and more varied the limitations , the more unlikely rangelands are to respond to inputs ,especially those based on increasingly expensive fossil fuels . The history of rangeland science and management is littered withschemes predicated on the erroneous belief that these limitations could be overcome with enough inputs , either management orfossil‐fuel based .
Three related themes emerge as the critical elements in the ecology of extant rangelands and , it should follow , in the conduct ofresearch and management . First is the realization , acknowledgement , acceptance and integration into research , developmentand management of the idea that human actions , regardless of their motivations , result in the disturbance of rangelands ( Archerand Stokes ２０００) . These new disturbance regimes are not recreations of natural摧 disturbance regimes , but are wholly human intheir origin and effects . Regardless of how closely anthropogenic disturbance regimes try to mimic our perceptions of nature ,they are limited both by our ability to interpret nature and by our ability to recreate what we have interpreted . Regardless ofintention , these new disturbance regimes do have a similar effect as natural regimes in that they govern the rate and magnitudeof ecological processes that drive ecosystem behavior and determine the array of goods and services that can be extracted .
Second , rangeland management is a multiscale endeavor , and understanding and management at the landscape and regionalscales are just as important as what occurs at the community scale ( Pringle and Tinley ２００３ ) . Multi scale complexity , aproduct of the interactions of geology , climate , past and present vegetation , as well as current and historic management alsocontribute to the unique ecology of rangelands . Although this complexity could logically be included among the many limitationsof rangelands , it is also very much a defining factor in developing strategies for ex tracting rangeland ecosystem services .Croplands and forests are largely homogenized at mesoscales ( ha to km２ ) by human inputs . At the more mesic and fertile end ofthe scale , potential returns warrant investments to enhance the mesoscale homogeneity of rangeland plant communities , butoften at the expense of ecological functions at more extensive scales . For the arid and semi arid rangelands that are mostcommon around the world an emphasis on homogeneity becomes not only counterproductive , but wholly unrealistic . Because ofthe wider range of interests that have emerged in rangeland goods and services and new tools that are available for study , ourunderstanding of cross‐scale ecological processes has taken on greater importance ( Havstad et al ２００７) .
Finally , it is clear that while ecology may be at the core , rangeland science encompasses many disciplines , among themagronomy , geology , animal science , soil science , economics , wildlife science , rural and urban sociology , anthropology and
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forestry . Emerging fields are those that consider society摧s involvement in the management of rangelands , from both a policy anda human dimension standpoint . Among the most important of these may be geography , both cultural and physical . Clearly ,how scientists provide information to assist in decision making and how managers use that information in the future will bedetermined how well our profession can integrate and apply varied physical , social and economic aspects of the ecology ofrangelands . In the end , without application we are left without relevance ( Reynolds et al . ,２００３) .
The ecological basis for rangeland R & D : the world is our plot Given the extensive human use and reliance on rangelands
globally , it would be illogical to view rangelands as anything other than human manipulated systems . However , it would alsobe mistaken to assume that rangelands can be intensively managed like croplands and forestlands . For better or worse , thecondition of rangelands will be determined by how well humans indirectly manage and/ or impact ecological processes . Thus ,research and development to benefit rangelands must be focused on the interactions of humans and rangeland ecologicalprocesses . From a research and development perspective , the impact of humans on rangelands is best viewed in a framework ofecological disturbance . For the first century of rangeland research , scientists focused their attention on the orderly progressionof plant communities through time from post disturbance simplicity to the increasing complexity associated with lack ofdisturbance . Disturbance ( fire , overgrazing , frequent or severe drought) may have caused dramatic alterations but the changewas reversible once the disturbance was removed . Disturbances were viewed as degrading to ecosystem processes and protectionfrom disturbance allowed processes to return to a normal , stable range . In essence , anthropogenic disturbance was viewed asexternal to rangeland ecosystems and human decision making was relegated to the narrow framework of how to best simulatenature . Through a combination of observation and experimentation , ecosystem processes have been shown to exhibit muchmore complexity than simple linear succession ( Vavra and Brown ２００６) .
Just as important as the human imposition of new and novel disturbances is the human influence on existing disturbanceregimes . For decades , rangeland research pursued the elusive goal of stabilizing productivity through the application of acombination of fossil‐fuel based ( fertilizer , herbicide , reseeding , fencing , water developments , supplements) and management( rotational grazing , herding , distribution ) . These novel , anthropogenic disturbance regimes were intended to enhanceefficiencies by stabilizing species composition to favor forage species , enhancing forage production and to improve harvest . Inthe more mesic , fertile rangelands , these technologies were relatively successful . But in the more arid and infertile ecosystems ,which encompasses the bulk of the world摧s rangelands , the attempts to stabilize production of livestock products generallyresulted in degradation , loss of stability and ultimately , reconfiguration of ecosystems in less desirable states (Brown and Ash
１９９６) .
Understanding how disturbances change landscapes , either in a positive , stabilizing or negative direction is the challenge forscientists studying rangeland ecology . During the last ２０ years , the development of non‐equilibrium theory that defines plantsuccession over time as a series of multiple states that change ( transition) in response to disturbance and may cross a thresholdthat represents irreversible change from a human timescale , has provided insight into the drivers , patterns , extent and limits ofchange observed over the past ５０ to １００ years . While there are always exciting new techniques and methodologies forinvestigating the effects of disturbances on ecological processes , it is the context and interpretation of existing information andemerging tools for the use of that information that will determine our success in managing rangelands for human well‐being .
The ecological basis for rangeland management : tools to organize knowledge While scientists would like to believe that theircurrent experiments will dramatically alter the management of rangelands , the reality is that rangeland management for the nexttwenty years will most likely be a reflection of what is in the existing literature today . There are numerous examples throughoutthe history of ecology and rangeland science that support this assertion , and there is little evidence that any emerging idea ortechnology is going to dramatically shorten that time lag . So , our greatest challenge is how do we take what we already ( thinkwe) know and organize disparate , and sometimes conflicting , sources of information into a transparent , credible and flexibledecision making framework .
Ecological Site Descriptions ( ESDs ) and their key component , State and T ransition Models ( STMs ) are a relatively newtechnology for land management decision making ( USDA NRCS ２００３) . ESDs are composed of four main parts :

● Physical setting‐the soils , landscapes and climatic conditions for each ESD . This section tells the user how to determinewhich ecological site they are on .
● State and T ransition Model for soil and vegetation dynamics .
● Interpretations for specific land uses‐this section describes the values associated with each state .
● Supporting information‐contacts , literature , anecdotal observations , historical records , comment opportunity for on‐lineapplications .

ESDs are based on soils , not on existing vegetation , and reflect the strengths and weaknesses of any given soil mapping
protocol . Because any particular soil ( however narrow ly defined ) includes an assumed distribution of properties that haveimportant effects on vegetation behavior , a soil may be associated with a similar range of vegetation attributes . We know thatthe climatic , soil , vegetation and animal components of sites vary widely in their properties across their range of occurrence asindividual attributes and have significant and complex interactions . These properties and interactions should be viewed as a
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distribution function rather than as an average . Regardless of the scale of mapping , soil map units are generally associations ofdistinct soils . Typically several soil mapping units are combined into a site assuming the climatic and soil properties and thevegetation behavior and animal impacts are similar . Vegetation assemblages on any particular soil also reflect disturbance andshort term climatic fluctuations . Thus , however it is defined , a rangeland soil may be occupied by a relatively wide variety ofvegetation communities and present managers a confusing array of choices . ESDs can be used to display and explain thosedynamics within the context of management decisions . ESDs , due to the nature of rangeland ecosystems , must include arelatively wide range of variability in any given soil or vegetation property . While they lack the illusion of precision of narrow lydefined mathematical models , they have the flexibility necessary to accommodate uncertainty associated with complexecosystems and multiple land management objectives .
While ESDs have tremendous potential as a land management decision making tool , they are only as good as the informationcontained in them . The core component of an ESD is a State and T ransition Model ( STM ) that describes soil/ vegetationdynamics in response to climate and management ( Figure １ ) . States are relatively broad groupings of plant communitiespossessing similar ecological function and structure . T ransitions are the trajectories between states that contain a threshold .Generally , moving between states , whether by design or unintended consequence , requires a substantial event ( drought , fire)that alters ecological processes and cannot be reversed by managerial responses once it is breached . Plant communities and
pathways occur within any individual state and are generally regarded as being amenable to relatively common managementactions or climatic fluctuations .
While they can accommodate information derived from virtually any theoretical or empirical interpretation of community scalechange in rangeland ecosystems , they are most identified as a way to capture dynamics associated with rangelands not atequilibrium . As a nonequilibrium approach to vegetation dynamics supplanted the climax approach in the late １９８０s , a newconceptual model for rangeland management applications was required (Westoby et al . , １９８９ ) . STMs were first proposed inthe late １９８０s and have been extensively applied to rangeland situations throughout the world . In many ecosystems , vegetationdynamics do not follow a linear path following disturbance . This so‐called classical succession model ( e .g . disturbance ＞ forbs
＞ annual grasses ＞ perennial grasses ＞ shrubs ＞ trees ) may be partially adequate for some systems , but in many cases thevarying nature of disturbance and recovery processes result in multiple stable states . In these systems , a transition betweenstates is not an autogenic ( self contained) process , but one which requires active management , such as mechanical or chemicalinputs . Key elements in this approach are the concepts of resistance and resilience . In many arid land systems , STMs have beenexpanded to include soil/ plant interactions that are central to the resistance and resilience characteristics of any ecological site .

Figure 1 A generic state and transition model f or a rangeland p lant community show ing the relationship among states ,
transitions , communities and p athw ays . Plant Communities and Pathways occur w ith States . States contain thresholds that
are generally regarded as irreversible by standard management actions . Dotted line transitions have not been demonstrated to
ex ist .

Essentially , STMs regard anthropogenic disturbance and management responses as part of the system rather than as external tothe system . States are used to describe the general configurations that a particular plant community may assume ( i .e . short
grass vs shrub‐dominated ) and the associated soil and vegetation attributes . T ransitions describe the trajectories of changebetween states . These descriptions include climatic , natural disturbances and management associated with the change and the
probabilities that each of these combinations may occur . Particularly useful is the identification of climatic events that mayfacilitate the successful application of a management response . Land management using STMs is a fairly logical process ofinventory ( what is the current state ?) , planning ( what is the desired state ?) , implementation ( applying management under
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appropriate circumstances) to achieve ( or avoid) the change and monitoring ( are the actions having the desired consequence ?) .
In early applications , STMs have greatly improved communications among land managers , scientists and the interested public .Scientists have used STMs to illustrate to land managers where research fits in the context of land management and theimportance of understanding ecological processes . Land managers have used STMs to frame their problems for scientists and tobetter explain decisions to the interested public and funding bodies . Constructing STMs is an iterative process . By far the mostimportant input is expertise , whether it is experimental or management based . Many ecosystems have been the subject ofextensive and exhaustive investigation , but on‐the‐ground experience is critical for interpreting the information in managementterms . There is no single mathematical model underlying STMs , but many STMs have been constructed based on modeloutputs , experimental results and observations . The definition of the poorly known is as important as the elucidation of thewell‐known (Bestelmeyer et al . , ２００４) .
A challenge in developing , implementing and testing STMs is the availability of information . For the most part , rangelandecosystems are well researched from a production standpoint , but poorly understood from an ecological dynamics perspective .Of even greater concern is the behavior of ecological systems in the face of novel climates , species introductions and uses .Obviously , it is impossible to have statistically valid experiments to support every state , transitions and pathway for every ESDthat can predict outcomes of as yet unknown disturbance regimes . Thus , interactions and communications among researchersand users are critical in identifying key questions and conditions upon which to build a system of STMs and ESDs . Much efforthas been expended , with much more likely to come in the definition of thresholds , a key point in the transition from one state toanother ( Briske et al ２００５) . The tendency toward reductionism among scientists can be very misleading and counterproductivein this instance . A general description of an important threshold is completely adequate to provide managers with theinformation necessary to make critical decisions . The pursuit of precision in defining a threshold for a very narrow site andvegetation combination can waste limited time and resources and create a false sense of security among managers . The more theillusion of precision in the definition of a threshold , the more likely managers are to push the limits of resilience in rangelandecosystems in the name of enhancing production efficiency .
Conclusions Ecology as a science is relevant to rangeland management only as it can be applied to the improvement of decisionmaking and implementation . Resource professionals and the organizations they work for possess two kinds of informationcritical for making good resource management decisions : data and knowledge . Our challenge in the coming decade is to organizethese sources of information and put them into a format that is accessible and interactive so that they can be used mosteffectively . We use knowledge to make decisions , including the design of experiments to generate new data . The difficultycomes when we attempt to use knowledge to �fill in�missing data without the benefit of scientific experiments and fail toidentify it as such . We also have to seriously consider how we �package" the knowledge . We often make assumptions , of tenwithout good understanding of the end user , who must also perform their own synthesis .
Another element in successful information management is making the information available to users . We have a variety of usersranging from people trying to make decisions about managing a particular piece of land to public interest groups trying to makeinferences about the state of the land in general to scientists trying to determine what we know and how to generate newinformation to expand that understanding . While our information has always been available to anyone interested in it , theinternet has dramatically changed accessibility . Before , people had to know enough to ask for a particular piece of information ,now they need only know a few keywords to run a search engine and have the fortitude to find the relevant data within the oftenlengthy results of that search . It is not unusual for people to find information and not know how to use it ( data withoutknowledge) . It is also common for people to find opinion ( disguised as knowledge) and have no idea of the validity of the datathat supports it .
ESD information can be very complex and , in many cases , difficult to understand . We cannot change that by �dumbing itdown�. However , using a structured context for accessing that information and clearly defining what the information meansand where it came from can increase its utility at all levels . In the end , ESDs have the potential to capture informationapplicable to all ３ of the critical themes of rangeland ecology . These descriptions reflect our understanding of the impacts ofdisturbances , they provide a basis for scaling our actions from a thorough understanding of a central scale , and they provide aframework for housing information that then can be accessed for a multitude of applications . In this fashion , we have a meanswhere we can meld ecology and management , and actually practice resource conservation .
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Isotopes as natural recorders of grassland ecosystem functioning and change
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Key points : The use of stable isotope analysis in grassland science has increased enormously in the last two decades . It is
providing insight into the functioning of grassland systems , including aspects such as the biogeochemical cycles of carbon ,nitrogen and water , C３ :C４ vegetation dynamics , the nutritional ecology of grassland fauna , and the ( agro ) ecology of cattle
production systems . This paper deals with the natural stable isotope compositions of three major bioelements ( carbon , nitrogenand oxygen) and how they behave in organisms and ecosystems , and it describes examples of recent research progress in theecology of grassland systems , which were made with the help of stable isotope analysis .
Key words : stable isotopes ( １３C , １５ N , １８O) , biogeochemical cycles ,C３ :C４ , grazer ecology
Introduction Until １９９０ stable isotope analysis was used only sporadically in grassland research . Today , more than ６％ of all
�grassland�publications appearing in the ISI Web of Science data base employ stable isotope analysis . Several reviews andbooks have been published in the last years , which covered various aspects of the application of natural stable isotope analysis inecology and in the study of stable isotope behaviour in the environment and in organisms ( e .g . Dawson & Siegwolf , ２００７ ;West et al . , ２００６ ; Flanagan et al . , ２００５ ; Hobbie & Werner , ２００４ ; Schmidt , ２００３ ; Werner and Schmidt ２００２ ; Dawson etal . , ２００２ ; Robinson et al . , ２００１ ; Evans , ２００１ ; Handley et al . １９９９ ; Ehleringer et al . , １９９７) , and some of these have alsodealt with grassland flora , fauna and ecosystems . The interest in stable isotope analysis in ecology of grassland ( and of otherbiomes) stems from the fact that the natural stable isotope composition of organisms and ecosystems hold many clues abouttheir functioning and physical environment , including the relative availability of resources ( or resource limitations) .
The major elements of the biosphere ( including carbon , oxygen and nitrogen) occur in the form of two or more stable isotopes( carbon : １２C , １３C ; oxygen : １６O , １７O ,１８ O ; nitrogen １４N ,１５ N ) . The isotopic composition of an element in a sample isconventionally expressed as a δ‐value , which is defined as the deviation of the isotope ratio ( R) of the sample relative to that ofthe international standard . Thus , for carbon , δ１３C ＝ ( Rsample– Rstandard ) / Rstandard , w ith R the molar abundance ratio , １３C/ １２C .In an analogous way the isotope composition of nitrogen is given as δ１５ N , and that of oxygen as δ１８O . The standard is PeeDeeBelemnite ( PDB) for １３C , air for １５N , and �standard mean ocean water�( SMOW) , or PDB for １８O .
The distribution of the isotopes is not homogeneous in the biosphere ; but follows characteristic spatial and temporal patterns .These patterns originate from the different behaviour of isotopes in physical and chemical processes , and are controlled byenvironmental conditions ( including anthropogenic factors) and biological properties of organisms and ecosystems . As a rule ,the lighter isotope is transferred ( e .g . diffuses ) faster and is preferred in ( bio ) chemical reactions , so that the light isotopetends to accumulates in the product ( or sink ) , whereas the heavy isotope tends to stay in the substrate ( or source) . Forexample , photosynthetic CO２ fixation prefers １２C over １３C ( １３ C discrimination ) , so that plants are relatively １３C‐depleted ,whereas atmospheric CO２ becomes １３C‐enriched . As another example ,�isotopically light�water evaporates more readily , than
�heavy�water , causing １８O‐enrichment of leaf water during transpiration .
In general , the isotopic composition of an element in a given ecosystem , organism or compound is determined by the isotopiccomposition of its source and isotope effects in transfer or transformation processes . But , isotope effects are fully expressedonly if the substrate is infinite ( or : only a small fraction is consumed in the reaction) . If all substrate is consumed , then the
( accumulated) product has the same isotopic composition as the substrate , even if the reaction has a strong intrinsic isotopeeffect ( Robinson , ２００１) . Isotope effects can be expressed completely in fully open systems , whereas closed systems tend tosuppress the expression of isotope effects . One example for the latter is the isotope effect of Rubisco on １３CO２ （relative to
１２CO２ ) , which is almost completely suppressed in C４ plants , because of the localization of Rubisco in the CO２‐tight bundlesheath cells . Furthermore , a consideration of possible closed‐system phenomena is also important for understanding thenitrogen isotope composition of ecosystems . A particular opportunity for the expression of isotope effects is offered at branch
points of pathways .
Carbon isotope analysis for studies of C3 :C4 vegetation dynamics , and drought effects on C3 grassland The carbon isotopecomposition of all plants (δ１３CP ) is determined by the δ１３ C of atmospheric CO２ （δ

１３ CCO２ ) and carbon isotope discriminationduring photosynthesis ( １３ Δ ) , so that δ１３CP ＝ ( δ１３CCO２– １３
Δ ) / ( １ ＋

１３
Δ ) ( Farquhar et al . , １９８９ ) . １３ Δ is variable and , in

particular , it differs strongly between C３ and C４ plants , allowing a distinction of the photosynthetic types on the basis of their
１３
Δ ( e .g . Smith & Epstein １９７１ , and Figure １ ) .
C３ and C４ plants coexist in many grasslands in the tropics , subtropics and warm temperate regions . Variation of C３ :C４abundance has wide biogeochemical and land use implications : it affects the efficiency with which vegetation uses radiation ,
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water und nutrients , and it may affect soil carbon storage , water use and nutrient cycling (Connin et al . , １９９７ ; Tieszen et al . ,
１９９７ ; Bird and Pousai , １９９７ ; Epstein et al . , １９９８ ; Sage and Kubien , ２００３ ; Semmartin et al . , ２００４ ) . There is abundantevidence that the current distribution of C４ plants is primarily controlled by growing season temperature , and that this is relatedto the higher effective quantum yield of CO２ fixation and higher maximum photosynthetic rate of C４ plants at high temperature( Ehleringer et al . , １９９７) . But the seasonal distribution of precipitation , aridity , soil fertility , and disturbance ( for instance byovergrazing ) may exert secondary , modifying effects . Predominance of summer rainfalls benefits the C４ more than the C３ ,whereas predominance of precipitation in the cool season benefits C３ grow th ( Murphy et al . , ２００７ ) . C４ dicots predominate inhot arid , saline or highly disturbed habitats ( Ehleringer et al . , １９９７) . Nitrogen loading can cause a replacement of C４ grassesby C３ grasses (Wedin & Tilman , １９９６) . It may be expected that such secondary controls could have a strong effect on C３ :C４abundance in those regions which have a growing season mean temperature that is near the C３ :C４ transition‐temperature . Thisis true for a large proportion of the worlds摧 grasslands ( Collatz et al . , １９９８) . For instance , a large part of the steppe of Innerand Outer Mongolia exhibits such a climate , with average temperature near the C３ :C４ transition‐temperature during the summermonths when most of the annual precipitation falls . In many regions of the world grassland utilization is heavy , withovergrazing leading to degradation and erosion and declines in the carrying capacity of the grassland . Such conditions could
promote the spread of ruderal species , including annual C４ grasses and C４ dicots ( Ehleringer et al . , １９９７ ; Wang , ２００２ ) , andthis could be further promoted by climate warming . However , the effect of warming is offset by the increasing atmosphericCO２ concentration , which increases the quantum yield in C３ plants , thus promoting their spread . Collatz et al . ( １９９８ ) havepredicted a general increase in the relative abundance of C３ plants in mixed C３ :C４ grasslands in the last century .

Figure 1 Frequency distribution o f 13 C discrimination , 13
Δ ,

o f grassland p lants (A ) .
The bimodal distribution o f 13

Δ is due to the p resence o f two
photosynthetic ty pes w ith di f f erent carbon isotope
discrimination : C4 p lants ( le f t hump ) and C3 p lants ( right
hump ) . Both photosynthetic ty pes occur in the grasses ( B ) ,
chenopods (C) , and other p lant f amilies (not shown) .
The data were comp iled f rom ＞ 40 re f erences w ith a total
o f ＞ 3000 entries .

Figure 2 In f luence o f soil w ater availability on 13 C
discrimination o f C3 grassland ( f rom Schnyder et al . ,
2006) .

Whether or not these changes have actually occurred has not been studied in any detail . Answering this question by empiricalstudies is important from practical and scientific biogeochemical , ecological and economic perspectives . For instance , changes inthe C３ :C４ abundance could hold important consequences for the nutritional quality of the herbage , and for the seasonal patternand abundance of grassland production . A verification of the predictions of Collatz et al . ( １９９８ ) would enhance ourunderstanding of the interplay of factors controlling C３ :C４ abundance in grassland . Because of the difference in １３
Δ , theanalyses of the δ１３C of grassland and of its changes over time is one promising means by which the relative abundance of C３ andC４ plants in grassland can be assessed .

One of the challenges in using １３C for studies of C３ : C４ vegetation dynamics lies in the variability of １３
Δ within the

photosynthetic types ( Figure １) . This variability is not fully understood , and causes uncertainty in the choice of the １３
Δ of theC３ and C４ end‐members in the mixing model used to estimate the relative abundances of C３ and C４ plants in grassland
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communities .
Potential variation of １３

Δ is particularly large in C３ plants ( Figure １ ) , and much of this may be related to effects of drought( Figure ２) . １３ Δ in C３ plants is linearly related to the ratio of leaf intercellular to ambient CO２ partial pressure ( pi / pa )according to : １３ Δ ＝ a ＋ ( b– a) pi / p a , w ith a the １３C fractionation during diffusion of CO２ in air ( ４畅４ ‰ ) , and b the netfractionation caused by carboxylation reactions ( mainly Rubisco , approx . ２７ ‰ ) ( Farquhar et al . , １９８９) . This means that １３ Δof C３ plants is mainly controlled by the ( stomatal) conductance and photosynthetic activity of leaves . Because of this １３
Δ is alsoa quantitative indicator of physiological water use efficiency ( Farquhar & Richards , １９８４ ) , and a measure of the leaf‐levelcoupling of the hydrological and carbon cycles . Drought / aridity often leads to a reduction of stomatal conductance , decreasing

pi / pa , and １３
Δ ( e .g . Farquhar & Richards , １９８４ ; Schnyder et al . , ２００６ ; Wittmer et al . , ２００８) .

Another challenge for studies exploring long‐term C３ :C４ vegetation dynamics is presented by the fact that the life span of shootbiomass is very short in grassland ( weeks to ＜ １ year) and vegetation composition may change strongly during the season . Asdid others , Witt et al . (１９９８) used the wool of sheep and Schnyder et al . (２００６) the tail switch hair of cattle to monitor the
１３C composition of grassland vegetation . This method takes advantage of the sampling摧 activity of grazing animals . The woolfrom a yearly shearing reflects the δ１３ C of all feed ingested by the flock during the year . Provided that the sheep graze only
grassland , and grazing is non‐biased with respect to the isotopic composition of sward components ( e .g . sheep do not preferone photosynthetic type over the other) , this method also reflects the δ１３C of herbage on the entire grazing ground of the herd .Other animal tissues such as bones or teeth have also been used . Enamel of teeth is a particularly durable recorder of theisotopic composition of the diet of animals , and has provided evidence for the expansion of C４ grasslands ６‐１０ Mio years ago( Morgan et al . , １９９４ ; Cerling et al . , １９９７ ) .
δ
15 N in the nitrogen cycle As is the case for carbon , the δ１５ N of a plant is dependent on the δ１５N of the external nitrogen sourcesand isotope fractionation associated with uptake and transformations ( Evans , ２００１ ; Robinson , ２００１ ; Werner and Schmidt ,
２００２) . But , identification of the source( s) and estimation ( or measurement ) of its isotope signature ( s ) is more difficult fornitrogen than for carbon ( which is normally atmospheric CO２ with a known δ

１３ C ) : plants can uptake nitrogen from the soilsolution or from the air , and uptake can occur in several chemical forms ( ammonia , nitrate , amino acids ) or by atmosphericnitrogen fixation . The different putative sources of nitrogen in the soil can have widely differing δ１５ N ( e .g . Dijkstra et al . ,
２００６) , opening up opportunities for the assessment of nitrogen partitioning between plants in a community .
Variation of δ１５ N among soil nitrogen pools is strongly affected through isotope fractionation in soil nitrogen transformations bysoil ( micro ) organisms . In particular , NH３ volatilization , and N２O and NO production during NH ＋

４ oxidation have strongisotope effects , which can lead to massive １５ N‐depletion ( up to ～ ６０ ‰ ) in the respective gasses , if the conversion isincomplete . Such processes lead to １５N‐enrichment of soil nitrogen : elevated soil δ１５ N is of ten found in spots of nitrogenaccumulation and mineralization such as in wet depressions in landscapes ( e .g . Handley et al . , １９９９ ) or at urine‐or dung‐affected microsites in grazed grasslands ( e .g . Dijkstra et al . , ２００６) . On the other hand , volatilized ( １５ N‐depleted) NH３ maybe absorbed by nitrogen‐limited vegetation located downwind of the volatilization source , lowering the δ１５ N of these plants
( Erskine et al . , １９９８) .
Variation in the δ１５ N of plant nitrogen exists at many scales , from the molecule ( e .g . amino acids) to the globe ( e .g . Wernerand Schmidt ,２００２ ; and Figure ３) . At the regional or global scale there is a negative relationship between plant or soil δ１５ N andrainfall ( e .g . Handley et al . , １９９９ ; Amundson et al . , ２００３ ; see Figure ３ ) . In line with the mechanisms discussed above , theelevated １５ N of plants and soils in dry regions has been interpreted in terms of an open nutrient cycle ( Swap et al . , ２００３ ,Aranibar et al . , ２００４) .
Handley et al . (１９９９) and others have pointed out that the negative correlation between water availability and soil or plant δ１５N ( evident at the regional or global scale) of ten fails at the landscape scale , where wet spots can be １５ N‐enriched relative totheir drier surroundings . Schwertl et al . ( ２００５ ) analyzed hair of cattle from farms representing the whole spectrum of cattleproduction systems in South Bavaria , Germany . There was large variability in δ１５ N between farms , and this was unrelated torainfall . Of all studied parameters , the nitrogen balance surplus of the farms exhibited the strongest relationship with δ１５ N ofcattle hair . δ１５ N increased with nitrogen surplus ( r２ ＝ ０ .７８ ) , again indicating increasing volatile losses of nitrogen withnitrogen balance surplus . The same study also yielded evidence for substantial plot‐scale variation of δ１５ N in some of the farms .Plot‐scale variation of δ１５ N in plants and soils was analyzed by Watzka et al . ( ２００６ ) in long‐term experiments on montanegrassland . They observed an increase of δ１５ N of top soil and plants with increasing amounts of applied fertilizer and nitrogenbalance surplus . Again , this result was interpreted in terms of a stimulation of soil processes , which discriminate against １５Nand enhance the loss of １５ N‐depleted compounds from the system . In the same experiment soil δ１５N depended also on the typeof fertilizer , with organic fertilizers causing a stronger １５ N‐enrichment of soils and vegetation than synthetic fertilizers . Thiswas related to the different δ１５ N of these fertilizers . Synthetic fertilizers ( and biologically fixed atmospheric nitrogen) have a δ１５N which is close to that of nitrogen in air ( δ１５ N ０ ‰ ) , whereas organic fertilizers are generally ( but very variably ) enriched in
１５ N (Bateman et al . , ２００７) .
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Figure 3 δ
15 N o f p lants as related to mean annual p recip itation .

Data compiled f rom H andley et al . (1999) , Jacot et al . (2000) ,
Amundson et al . (2003) , and Swap et al . (2004) .

Figure 4 δ
15 N o f cattle hair versus nitrogen balance surp lus o f

cattle f arms in South Bavaria , Germany (Schwertl et al . 2005) .

Figure 5 Inter‐annual and seasonal v ariation o f carbon
(δ13 C) , nitrogen (δ15 N ) and oxygen isotope composition
(δ18 O ) in new hair grow th o f cattle at Grünschw aige
Grassland Research Station , Germany .

Animals grazed grassland with high soil water capacity in summer . During winter ( shaded period ) animals were held inconfinement and were fed with hay and silage harvested from ( sown) grassland with low soil water capacity ( see Schnyder etal . ２００６) . The time course was retrieved by segmental analysis of cattle tail switch hair sampled at different times . Time‐assignment of the segmental data was performed as described by Schwertl et al . (２００３) .
Isotopes in the ecology of animals and production systems The isotopic composition of animals reflects that of their diet ( DeNiroand Epstein , １９７８ , １９８１ ; Kohn et al . , １９９６) , so that ( single‐or multi‐element) isotope analysis of animal bodies , tissues orproducts can be used to study the production ecology of cattle farming systems ( Schwertl et al . ２００３ ) , the contribution ofdifferent diet sources ( Phillips et al . , ２００５ ) or the behavioural ecology of animals , including migration patterns and dietarypreferences (Cerling and Harris , １９９９ ; Cerling et al . , ２００６ ; West et al . , ２００６) . Different types of animal tissues have beenused for such analysis , including bones ( apatite or collagen) , teeth and hair . Animal products have been studied with the aim ofcharacterizing / authenticating production systems and to trace their origin ( e .g . Rossmann et al . , ２０００) . Hair is a particularlyinteresting object for studies of animal ecology , because it allows reconstruction of the dietary history with high temporalresolution ( Schwertl et al . , ２００３ ; Ayliffe et al . , ２００４ ; and Figure ５) .
The δ１３C of animal tissues or products gives an estimate of the proportion of C３ and C４ plants in the diet , allowing distinction ofgrazers , browsers and mixed feeders in savanna systems ( Cerling and Harris , １９９９) , or the proportion of maize in the rationsof dairy and beef cattle ( Schwertl et al . , ２００５) . The use of １５ N in studies of food webs/ trophic networks is probably one of themost popular examples of the use of stable isotopes in ecology ( e .g . Post ２００２) . It takes advantage of the fact that the １５ N ofconsumers is generally enriched by about ３ ‰ relative to their diet , allowing estimation of the trophic position of organism infood chains , based on the δ１５ N of food chain components ( Diet and hair also exhibit a systematic isotopic shif t for １３C ( e .g .M惫nnel et al . , ２００７ ) ) . Cattle also track environmental effects on the isotopic composition of plants/ feed , such as the effect ofaltitude on the δ１３C and δ１５N of grassland vegetation in the European Alps ( M惫nnel et al . , ２００７) .
The oxygen isotope composition of animals is greatly influenced by that of drinking water and free water in food ( Kohn et al . ,
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１９９６) . In cattle grazing fresh pasture a large proportion of the ingested water is in the form of leaf water . Leaf water isenriched in １８O due to fractionation during transpiration ( Flanagan et al . , １９９１) , distinguishing it from drinking ( well) waterwhich has a δ
１８ O close to that of meteoric water . Accordingly , rations with different proportions of fresh herbage should

produce different １８O signals in animal bodies and products , such as meat and milk . However , the １８O of water also exhibitsstrong geographic variation , which is related to effects of altitude , latitude , distance from the coast , amount of precipitation ,and season on the １８O of meteoric water ( e .g . Bowen and Wilkinson , ２００２ ) . Thus , drinking water contains geographicinformation , which is imprinted in animal tissues and products .
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２７４ : １７２０‐１７２３ .Werner RA , Schmidt HL (２００２) The in vivo nitrogen isotope discrimination among organic plant compounds . Phytochemistry
６１ : ４６５‐４８４ .West JB , Bowen GJ , Cerling TE , Ehleringer JR ( ２００６ ) Stable isotopes as one of nature摧s ecological recorders T rends inEcology & Evolution ２１ : ４０８‐４１４ .Witt GB , Moll EJ , Beeton RJS , Murray PJ (１９９８) Isotopes , wool , and rangeland monitoring : let the sheep do the sampling .Environmental Management ２２ : １４５‐１５２ .Wittmer M , Auerswald K , Radnaakhand T et al . (２００８) Influence of aridity on carbon isotope discrimination in leaves of Stip aand other C３ species in Central Asian Grassland . Proceedings of the ２１st International Grassland Congress and the ８thInternational Rangeland Congress , ２９ June‐５ July ２００８ , Hohot , China .



瞯 ]52　　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Small‐scale species richness and its spatial variation in an alpine meadow on the Qinghai‐Tibet
Plateau
Jun Chen1 , H ua‐kun Zhou2 , Masae Shiyomi3
1 A gricultural and Biological College , Shanghai Jiaotong University , Shanghai 200240 , China . E‐mail : chen ＿ j un＠
hotmail .co .j p . 2 Northwest Plateau Institute o f Biology , the Chinese A cademy o f Sciences , X ining 810001 , P . R . China .
3 Ibaraki University , Pro f essor Emeritus , Bunkyo 2‐1‐1 , M ito 310‐8512 , Japan

Key words : grazing , high species richness , Kobresia meadow , Qinghai alpine meadow , winter grazing
Introduction We investigated how the high small‐scale species richness of an alpine meadow on the Qinghai‐Tibet Plateau ,
China , is maintained . This area is characterized by strong wind and severe cold during long winters . In winter , most livestock
is grazed on dead leaves in small pastures near farmers摧 residences , whereas in the short summer , livestock is grazed in
mountainous areas far from farmers摧 residences .
Study area and methods The number of plant species and the aboveground biomass were surveyed for three adjacent pastures
differing in grazing management : a late‐winter‐grazing pasture grazed moderately from １ February to ３０ April ( LWG ) , an
early‐winter‐grazing pasture grazed lightly from ２０ September to late October ( EWG) , and a whole‐year‐grazing pasture grazedintensively throughout the entire year ( WYG ) . In each pasture , we harvested the aboveground biomass from ８０ or １００
quadrats of ０ .０１ m２ along a transect and classified the contents by species .
Results and discussion We observed １６‐２０ species per ０ .０１ m２ , which is high richness per ０ .０１ m２ worldwide ( Table １ ) . Thespecies richness in the two winter‐grazing pastures was higher than that in the whole‐year‐grazing pasture . The spatial variationin species richness and species composition in the two winter‐grazing pastures in which species richness was high was greaterthan that in the whole‐year‐grazing pasture in which species richness was lower . Most of the leaves that are preserved on thewinter‐grazing pastures during summer are blown away by strong wind during winter , and the remaining leaves are completelyexhausted in winter by livestock grazing . A pasture with a high richess is accompanied with a high spatial variation in species
richness and species composition . There is a high possibility that the characteristics of spatial variation is also caused by the
traditional grazing practice in this area .
Table 1 Mean species richness observed in ８０ ０ .０１‐cm２ in ２００２ and １００ ０ .０１‐cm２ in ２００３ , v ariance in richness among
quadrats , coe f f icient o f v ariation (CV ) o f richness , and the total aboveground richness biomass per ０ .０１‐m２ quadrat .

Item EWG LWG WYG
２００２ 屯２００２  ２００３ ^２００２ Ζ２００３ �

Mean species richness ( ０ 揶.０１‐m － ２ ) ± se １９ 祆忖畅 ３６ ± ０ .３０ １９ 4.０９ ± ０ .３３ １９ |.６９ ± ０ .３８ １６ 哪.１１ ± ０ .２４ １５ 煙.５１ ± ０ .３０
Evenness for species biomass 倡 ０ >.７７０ ０ 唵.６８８ ０ 挝.７７５ ０  .７２７ ０ 耨.７８０
Variance for richness ( ０ �.０１‐m － ２ ) ７ R.２２ ８ 洓.７９ １４ 鼢.６４ ４ +.５１ ９  .０８
Observed CV of richness ０ >.１３９ ０ 唵.１５５ ０ 挝.１９４ ０  .１３２ ０ 耨.１９４
Theoretical CV of richness 倡 倡 ０ >.１３７ ０ 唵.１４４ ０ 挝.１４６ ０  .１４５ ０ 耨.１５６
Observed CV / T heoretical CV １ R.０１ １ 洓.０８ １ 沣.３３ ０ +.９１ １  .２４
Biomass ( g / ０ 寣.０１m２ ) ± se ３ 妹.３２ ± ０ .１１５ ３  .１０ ± ０ .０９７ ３ S.０２ ± ０ .０８１ ３ 洓.２６ ± ０ .１０９ ３ v.１４ ± ０ .０９９

Calculated by the formula of { Σ pi ( １‐pi ) / ( Σ pi ) ２ } １ /２ , where pi denotes the occurrence rate per quadrat for species i , and Σ

means sum for all species appeared . The theoretical CV‐value was calculated under an assumption that each species distribute at
random quadrat .
Reference
Chen , J . , Yamamura , Y . , Hori , Y . , Shiyomi , M . , Yasuda , T . , Zhou , H .K . , Li , Y .N . , Tang , Y .H . , (２００７) . Small‐scale species richness and its spatial variation in an alpine meadow on the Qinghai‐Tibet Plateau . Ecological Research .
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Spatial heterogeneity of soil fertility , plant biomass , and productivity in grasslands
Masae Shiyomi1 and Jun Chen2
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Introduction Grassland vegetation under livestock grazing is spatially heterogeneous , because animal grazing and excretiondisturb the vegetation . We clarified the relationship between spatial heterogeneity and plant production . The followingassumption is plausible : plant biomass y at a site with soil fertility x varies according to Mitscherlich摧s (１９３０) grow th equationamong plots . That is , if soil fertility is low , then there will be little biomass , and biomass will increase with an increase infertility ; however , if soil fertility is high , then the increase in biomass with increases in fertility is low ( Figure １ ) .Mitscherlich摧s equation is expressed as : y１ ＝ K{ １‐exp( ‐ax ) } , where a is the increasing coefficient , and K is the maximum limitof biomass as x → ∞ .
Biomass If fertility is evenly distributed and x ＝ μ , then the relationship between x and y is expressed as y ＝ K [ １ － exp ( －
aμ) ] , which indicates that fertility is the same throughout the grassland . In a grassland where fertility is not even , as isgenerally the case , x follows the gamma distribution f ( x) w ith a mean of μ and shape parameter p :

　 　 Figure 1 A n examp le o f
M itschelrich摧s grow th equation
f or f ertility x , where a ＝ 0畅2
and K ＝ 10 .

f ( x ) ＝
xp －１ pp

Γ( p )μp exp( － p
μ
x ) .

Total biomass in the grassland is then expressed as

y２ ＝ ∫
∞

０
K{ １ － exp (－ ax )} ×

xp －１ pp

Γ ( p )μp exp( － p
μ
x ) dx ＝ k{ １ － ( p

aμ ＋ p)
p } .

The difference between y１ and y２ , Δ y , for any μ is as follows :

Δ y ＝ K{ １ － exp (－ aμ)} － K{ １ － ( p
aμ ＋ p)

p } .

Δ y is ０ for p → ∞ , otherwise Δ y ＞ ０ . This equation indicates that biomass is lower when fertility is spatially heterogeneousthan when it is evenly distributed .
Plant productivity When fertility is evenly distributed throughout the grassland , if fertility is improved by δ throughout the
grassland , then biomass is expressed as y ＝ K [１ － exp{ a( μ ＋ δ) } ] . Then the increase of biomass , Δ y１ , is Kexp( － aμ) － Kexp
{ ‐a( μ ＋ δ) } for any μ . Now assume that fertility is spatially heterogeneous . Here we use the gamma distribution to expressfertility heterogeneity . The increase in biomass , Δ y２ , based on a fertility increase is expressed as :
Δy２ ＝ ∫

∞

０
K [ exp( － ax ) } － exp{ － a( x ＋ δ) } ] × xp －１ pp

Γ ( p) μp exp( －
p
μ
x ) dx ＝ K{ p

aμ ＋ p} p { １ － exp( － aδ) } .

When we compare Δ y２ to Δ y１ , Δy２ － Δy１ ＝ K [ { p
aμ ＋ p} p － exp (－ aμ) ] {１ － exp( － aδ) } ] ＞ ０ .

This result indicates that the increase in biomass with improved fertility is larger in a heterogeneous fertility environment thanin an even environment , excluding the case of p → ∞ .
ReferenceMitschelrich E畅A畅 ,(１９３０) . Die Bestimmung des Düngerbedürfnisses des Bodens . Paul Parey ,Berlin .
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Dynamic study on inter‐species competition in mix‐sowing community of white clover and
bermudagrass
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Introduction The dynamic relationship of the two species , white clover and bermudagrass , contest in mix‐sowing sward wasstudied within three years . The purposes were to test if the two species can grow together harmoniously , and find theoreticalbasis for constructing mix‐sowing sward with good properties ( yield , quality and longevity ) .
Materials and methods White clover , �T ri f olium repens L .cv . Emu No .１�and SS２１ , a cultivar of bermudagrass were selectedas materials .Experimental treatments were : A ( White clover , １００％ ) , B ( White clover , ７５％ ; Bermudagrass , ２５％ ) , C(White clover , ５０％ ; Bermudagrass , ５０％ ) , D (White clover , ２５％ ; Bermudagrass , ７５％ ) , E (Bermudagrass , １００％ ) . Theinter‐species competition ability of the two species was calculated by the relative yield total ( RY T) and competition ratio ( CR)( Jonathan ,１９８２ ;Masresha , ２００３) .
Results Three‐year results showed the herbage mass in mix‐sowing sward was higher than monoculture with white clover andbermudagrass , except for treatment B and D with lower herbage mass in mix‐sowing sward ( ３８７２ g /m２ and ３４８２ g /m２ ) thanmono‐sowing bermudagrass in the first year . The whole herbage mass in the three years was highest in treatment C (１８１５８ g /m２ ) ( Figure １) .The value of RYT of treatment B , C and D was larger than １in March and April every year ( Table １) , whichindicated that white clover and bermudagrass had different ecological niche and used different resources . However , as theexperiment progressed , the ecological niche of white clover and bermudagrass overlapped and a resistance relationshipappeared . The appearance of resistance was earlier in treatment D than B and C . Because of the strong stoloniform stems ofwhite clover , it outcompeted bermudagrass at the beginning of experiment every year , but as temperature started to increase ,white clover stopped growing and bermudagrass was not affected . For that reason , bermudagrass had the stronger competingability in the last growing period . The competing relationship became more significant as the experiment progressed .

Figure 1 Biomass dynamic in 3 years .

Table 1 Relative y ield total and competitive ratio o f mixed community
(2006) .
T reatment ３ － ２７  ４ － １９ 览５ － １７ v７ － ２４ ,９ － ６ 晻

RYT １ {.１７ １ 1.０８ １ 珑.０１ ０ 潩.８７ ０  .８８
B CRW １１ い.０ ９ 1.８０ ８ 珑.５６ ０ 潩.２３ ０  .００

CRB ０ {.１２ ０ 1.１６ ０ 珑.３２ ４ 潩.５０ ２３ C.０
RYT １ {.２５ １ 1.０５ １ 珑.０３ ０ 潩.９５ ０  .８９

C CRW ４ {.６５ ２ 1.２３ ２ 珑.４０ ０ 潩.１６ ０  .００
CRB ０ {.８７ ０ 1.４５ ０ 珑.４２ ６ 潩.３１ infinity
RYT １ {.０６ １ 1.０３ ０ 珑.９８ ０ 潩.８４ ０  .８１

D CRW ０ {.４８ ０ 1.４６ ０ 珑.２３ ０ 潩.１６ ０  .００
CRB ２ {.０５ ２ 1.１３ ６ 珑.８５ １２ 破.５ infinity

Conclusions If only herbage mass was considered , treatment C (White clover ５０％ ＋ Bermudagrass ５０％ ) is the best in the mix‐sowing pasture . If the stability of community is considered , under high cutting frequency , the combination of white clover andbermudagrass for mix‐sowing was not recommended .
ReferencesJonathan W S ,(１９８２ ) .Introduction to plant population ecology . Published in the United States of American ,１９８２ ,１４７‐１５５ .Masresha Fetene ,( ２００３ ) . Intra‐and inter‐specific competition bentween seedling of A cacia etbaica and a perennial grass
( H yparrenia hirta) . Journal o f A rid Env ironments , ５５ , ４４１‐４５１ .
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Effects of lucerne plants on germination of lucerne
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College o f Pastoral A griculture Science and Technology , L anz hou University ７３００２０ China ;E‐mail :w angx i０５ ＠ lz u .cn

Key words : Loess Plateau ,allelopathy
Introduction Auto‐toxicity , an intraspecific form of allelopathy , occurs when chemical substances from plant material inhibits ordelays germination and grow th of the same species . Lucerne ( medicago sativ a) , a perennial legume , contains water — solublesubstances that are toxic ( Chung and Miller , １９９５ ) . Given the likelihood of allelopathy effects when interplanting , doublecropping , no‐till planting and nonrotational cropping , we looked for evidence of allelopathy in lucerne as may be importantwhen reestablishing lucerne in a former lucerne field .
Materials and methods １‐ , ４‐ , ６‐and １０‐year lucerne plants grown at Qingyang experimental station Lanzhou University , wereharvested at full bloom stage in June ２００６ . Leaves , stems , roots and flowers were separated and soaked in distilled water for
２４ h at ２４ ℃ ( ２g of tissue per １００ml of water) . In addition , a whole‐plant extract was made by mixing １０ml aliquots from eachplant part extracts . The plant extracts were added to ５０ lucerne seeds that were surface‐sterilized with １％ NaClO solution andevenly placed on filter paper in sterilized ９‐petri dishes Total of ５０ alfalfa seeds were surface‐sterilized with １％ NaClO solutionand evenly placed on filter paper in sterilized ９‐petri dishes . Germination was determined by counting at ２４h intervals ,thenumber of germinated seeds over ６‐days and expressed as total percent germinated . Radicle and hypocotyl lengths weredetermined by measuring １０ representative seedlings on Day ７ .
Results and discussion Extracts from lucerne plant parts inhibited germination but not always . Flowers were the most toxic .Stems released no toxins . Leaves and roots released toxins also but the inhibition varied with stand age ; lucerne from ６‐yearstands had the most inhibitory effect ( Table １) . The effects on seed hypocotyl and radical lengths were more pronounced andgeneral than for seed germination . Radicle length was more affected by the extracts than was hypocotyl length . The greatereffect of the toxins on extension ( both of the hypocotyl and the radical) than on germination indicates the possibility for poorestablishment of lucerne seedlings in lucerne fields . Auto‐toxicity , if it is confirmed in the field , may require a rethink of timingof cutting . Lucerne mown before flowering hastens plant death but this may be justified in a rotation .
Table 1

Ex tractant
Relative germination
Lucerne age

１‐ ４‐ ６‐ １０‐

LSD
( ０ q.０５ )

hypocotyl leng th
Lucerne age

１‐ ４‐ ６‐ １０‐

LSD
( ０ 敂.０５ )

Radical leng th
Lucerne age

１‐ ４‐ ６‐ １０‐

LSD
( ０ .０５ )

Ck １００ �１００ 吵１００ 汉１００ 亮１ ゥ１ �１ 吵１ 汉１ 热１ 舷１ 种１ 葺
Flower ６ E.０８ ７ L.４３ ６ S.７６ ８ Z.１１ ８ a.３７ NA NA NA NA NA NA NA NA NA
Leaf ７７ n.７ ８９ a.５３ ３５ h.８１ ８９ o.５３ １５ u.３４ ０ g.８２ ０ n.７７ ０ u.１４ ０ |.４７ ０ 儍.６３ ０ 妸.４０ ０ 憫.３６ ０ 槝.０４ ０ 煙.１３ ０ 镲.２６
Stem ８９ Z.１９ ８６ a.４９ ８５ h.８１ ８１ o.０８ １３ u.７７ ０ g.８７ ０ n.７５ ０ u.８４ ０ |.７５ ０ 儍.５９ ０ 妸.４５ ０ 憫.１５ ０ 槝.４０ ０ 煙.３５ ０ 镲.２０
Root ６５ Z.５４ ８７ u.５ ５１ h.０５ ９０ 儍.２ １１ u.２３ ０ g.２１ ０ n.３３ ０ u.７７ ０ |.５３ ０ 儍.６３ ０ 妸.０８ ０ 憫.１２ ０ 槝.１６ ０ 煙.１３ ０ 镲.３０
Mix ture ７５ Z.６８ ６９ a.９３ ６８ h.９２ ７４ o.３２ ３１ 吵０ g.８７ ０ n.５８ ０ u.５０ ０ |.８６ ０ 儍.２９ ０ 妸.４６ ０ 憫.０９ ０ 槝.１８ ０ 煙.３０ ０ 镲.２５
Control ＝ ７４％ Control ＝ ３ y.７５cm Control ＝ ５ 湝.５４cm
LSD( ０ 妸.０５ ) １４ Z.８８ １９ a.６７ １５ h.３６ １９ o.１６ ０ g.３３ ０ n.５２ ０ u.４６ ０ |.５９ ０ 妸.１７ ０ 憫.２６ ０ 槝.１９ ０ 煙.２６
NA : no applicable
Reference
Ⅲ ‐Min Chung , Darrell A .Miller ,(１９９５ ) . Effect of alfalfa plant and soil ex tracts on grow th of alfalfa .A gron .J .８７ ;７６２‐７６７ .
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Kura clover ( Tri folium ambiguum) in pastures for western Canada
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Key words : clover , binary‐mixtures , establishment , species composition
Introduction Kura clover ( T ri f olium ambiguum) is a rhizomatous perennial clover native to the Caucasian region of Russia .Kura shows a greater range of tolerance to drought , soil type , pH , elevation and grazing intensity than other legumescommonly used in North America ( Taylor and Smith , １９９８ ) . Western Canada currently lacks a persistent pasture legumespecies .
Materials and methods Tests occurred in Edmonton , Alberta , Canada from １９９９ to ２００５ . Our objectives were to test ( a) yieldand quality of kura clover monocultures when harvested one‐five times per growing season , ( b) the productivity and persistenceof kura when grown in binary mixtures with either meadow bromegrass ( Bromus biebersteinii ) K‐MB ; orchard grass ( Dacty lis
glomerata) K‐OG ; timothy ( Phleum p ratense) K‐T ; or Kentucky bluegrass ( Poa p ratensis ) K‐KBG and ( b) to examine theeffects on species composition and forage yield of seeding meadow bromegrass into an establishing kura stand . Data wereanalysed using the general linear model procedure of SAS (２００３) p ＜ ０ .０５ .
Results and discussion Kura monocultures yielded from ４ ,３００ kg / ha dry matter to １３ ,０００ kg / ha dry matter in the first
production year . Yield did not significantly differ whether harvests occurred two , three , four or five times per season ( Table
１) . K‐MB mixtures produced the greatest biomass , however , both meadow bromegrass and orchard grass severely out‐competed the kura clover ( Table ２ ) . The highest percentage of kura clover (４５％ ) occurred in the K‐KBG mixtures ( Table ２ ) .Meadow bromegrass , seeded into establishing kura clover prior to the clover reaching the １st and ３rd true leaf stage , achieved agood species balance in the second and third production years .
Table 1 Total annual y ield and quality o f kura clover at f ive harvest f requencies in the f irst and second p roduction year f or
p lots established in 1999 or 2000 .

Total annual production ( kg / ha) Forage Quality
First
Production
year ( estab
１９９９ )

First
production
year ( estab
２０００ )

Second
Production
year

Average Percentage ( first production year , estab .
１９９９ )

Harvest
Frequency

Harvest
Frequency Crude Protein NDF ADF

１ ４３４４ 3.１４ b ４３４４ {.１３ c ３７２８ 妹.８５ b １

２ 揶１０３２４ \.０８ a ５９４１ {.３５ b ７６３１ 妹.１８ a ２ 憫１７  .５８ c ４１ J.５３ b ３４ 拻.８０ b
３ 揶１１２８８ \.５７ a ７１５７ {.９６ a ７１２９ 妹.６２ a ３ 憫１９  .５２ b ３３ J.９７ ab ２５ 拻.６７ a
４ 揶１３０９３ \.５６ a ８８１１ {.７３ a ９８３０ 妹.２４ a ４ 憫２２  .３６ a ３３ J.０１ a ２４ 拻.３３ a
５ 揶１０４９３ \.９７ a ８３８４ {.２７ a ８０５３ 妹.６９ a ５ 憫２３  .４９ a ３１ J.４０ a ２４ 拻.４０ a

Table 2 Total annual dry matter y ield (kg / ha) and species composition o f mix tures o f kura clover w ith K entucky bluegrass
( K‐KBG) , meadow bromegrass ( K‐MB) , orchard grass ( K‐OG) , or timothy (K‐T ) or kura in monoculture ( K ) in the f irst
(2000) and second p roduction years (2001) .
Mix ture First production year Second production year

Total annual yield ( kg / ha) Percentage clover Total annual yield ( kg / ha) Percentage clover
Kura １２ ,６００ bc ６ ,９４０ %b
K － KBG １２ ,９０８  bc ４５ 弿.０ a ６ ,８２８ %b ４７ 破.０ a
K － MB １４ ,４２９  ab ７ f.０ cd １０ ,１７４ Na １４ 破.０ b
K － OG １２ ,９０１  bc ５ f.２ cd ５ ,７６０ %c ２４ 破.１ a
K － T １１ ,４２７  cd １２ 弿.２ c ４ ,２９０ %d ３３ 破.０ a

Conclusion Kura clover has considerable potential as a new pasture legume for western Canada .
ReferenceTaylor , N .L . and Smith R .R . , ( １９９８ ) . Kura clover ( T ri f olium ambiguum M .B .) breeding , culture ,and utilization .

A dvances in A gronomy , ６３ , １５３‐１７８ .
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Breeding apomictic bahiagrass ( paspalum notatum flügge)in southeastern USA
C .A . A cu鼻a1 倡 ,A .R . Blount2 , C .L . Mackow iak2 , and K .H . Quesenberry 1

1 P .O . Box 110500 , University o f Florida , Gainesv ille , FL 32611 ; 2 North Florida Research & Education Center ,
Marianna , FL 32446 . 倡 Corresponding author E‐mail :caalac＠ u f l .edu

Key words : apomixis , bahiagrass , tetraploids
Introduction Livestock production systems in the southern Coastal Plain of the USA are mainly based on warm‐season grasses .Bahiagrass , Paspalum notatum Flügge ,is one of the most important species in the region . The tetraploid ecotypes reproduceby apomixis which has restricted breeding efforts to ecotype selection . The production cycle of currently available ecotypes isrestricted to the warmer part of the year . The general objective of our breeding program is to generate apomictic hybrids withan extended growing season and improved nutrient uptake .
Materials and methods Approached crosses were made between induced sexual and apomictic bahiagrass tetraploids duringsummer ２００４ . Two clones of each progeny were transplanted into the field located in Gainesville , Florida in May ２００５ , andevaluated for grow th habit , cool‐season regrow th and cold tolerance . Progeny were classified as sexual or apomictic based onembryo sac observations . Ten superior apomictic progeny and the cultivar Argentine were planted in small plots in May ２００６ .These plots were harvested once on October ２００６ , and eight times at ４‐wk intervals during ２００７ starting in May . The N and Pconcentrations of the harvested material were determined by a modified Kjeldahl procedure described by Hambleton (１９７７) .
Results and discussion Six hundred hybrids were generated by crossing １３ different combinations of sexual and apomicticbahiagrass tetraploids . A ratio of ２ .６ sexual to １ apomictic ( facultative and obligate) progeny and a ratio of １ obligate apomictic
( potential new cultivar ) progeny to ８ others ( facultative and sexual ) were observed . As expected , the obligate apomictic
progeny set similar amounts of seed when self‐or cross‐pollinated . In contrast to previous reports for other apomictic grasses( Noirot , １９９７ ) , the bahiagrass sexual hybrids were more self‐fertile than the sexual parents . The non transmission or nonexpression of the self‐incompatibility genes present in the autotetraploid parents ( Acuna et al . , ２００７ ) should be furtherinvestigated .
The heterozygous condition of the apomictic parents was reflected by the marked variability observed among the progeny . The
grow th habit of the progeny varied notably from being mainly upright for some hybrids to markedly prostrate for others .Genetic variation for cool‐season grow th and cold tolerance was also observed .
Most of the １０ apomictic clones grown in plots outperformed the cultivar Argentine for forage production during the fall of thefirst growing season and during the spring of the second season . They also showed higher ability for N and P extraction duringmost of the evaluated period compared to Argentine . Further studies analyzing the responses of these clones to grazing pressureare needed .
ReferencesAcu鼻a , C . A . , A . S . Blount , K . H . Quesenberry , W . W . Hanna , and K . E . Kenworthy , ( ２００７ ) . Reproductivecharacterization of bahiagrass germplasm . Crop Sci . ４７ : １７１１‐１７１７ .Hambleton , L .G . ,(１９７７ ) . Semiautomated method for simultaneous determination of phosphorus , calcium and crude protein inanimal feeds . J .A .O .A .C . ６０ :８４５‐８５２ .Noirot , M . , D . Couvet , and S . Hamon . , ( １９９７ ) . Main role of self‐pollination rate on reproductive allocations inpseudogamous apomicts . Theor .A p p l . Genet . ９５ :４７９‐４８３ .
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A survey about understorey covering in areas ( lands ) under the cultivation of Haloxylon in
Ardestan area
G . R . Zehtabian1 , M . Ghadimi2 , J . Bakhshi2
1 Natural Resources Faculty , University o f Tehran , 2 M . Sc , Management o f Desert A rea , E‐mail : me ＿ ghadimi＠ yahoo .
com and mahalat20＠ yahoo .co .uk
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Introduction From １９８５ in Iran Haloxylon plantation was used in order to wind erosion control and sand dune fixation . At firstthe seed of this plant was imported from USSR . The impacts of Haloxy lon plantation were protection of roads , farms ,waterways and quadrates from sand dunes coverage and wind erosion control . The total area of sand dune fixation methods suchas seedling , forestation and mulch application for plantation increased from １００ hectares in１９８５ to ６２０００００ hectares in １９９７( Bakhshi , ２００５) .
Materials and method For researching in to the effect of Haloxy lon plantation on plant cover of this region , at first wedetermined its geomorphology maps , for this reason we collected statistical data about climate , soil , plant cover , geology ,geomorphology and prepared topography plan at the scale of １ /５００００ and also a plan on gradient , direction and height . Then bygoing over , Haloxy lon region from １０‐１５ and ２０‐２５ years of age and also over the ages of ２６ were determined in ageomorphologic maps . At lost area that its maps is like to Haloxy lon area and without any plant was determined as referencearea . These areas have been similarity climatology . By going over , a field observation was selected in each of the area . Viastatistical Methodology , the number of plates calculated in each pile ( Mesdaghi ２００４) .
Results According to received results from variance analysis , the significant difference between the percent of crown and densityof the whole species under and between the Haloxy lon trees in Haloxylon area and reference areas is about １ percent level . Onthe basis of accomplished compression , the overage data of the percent of compression crown of the whole species betweentreatments , there is significant variance between ３ category , group A ( between the trees over the age of ２６ years ) , group B( the treatment under the trees over the age of ２６ years , between the trees from ２０‐２５ years of age) and group C , reference area( under trees from １０‐１５ years of age) and also there is no significant difference between the treatments among trees from １０‐１５years of age and under the trees from ２０‐２５ years of age .
According to accomplished compression between the coverage data of compression of the whole species among the treatments ,there is no significant difference between the treatments from ２０‐２５ years of age under and between the Haloxylon trees in
Haloxy lon plantation over the age ２６ years with reference area , and also there is significant variance between the treatmentsover the age of ２６ years ( group A ) and the treatment between the trees from １０‐１５ years of age ( group C ) with othertreatments ( group B) .
Conclusions On the basis of shown result in this text , we can say the cultivating of the Haloxy lon change the accumulation andthe percent of crown and density on species understories between the Haloxy lon trees .
In the area over the age ２６ years , there are the most percent of the crown and density species compression . The most importantreasons consist of the decrease in the intensity of wind and also Evapotransporation , the distance of special microclimate andagreeable species to Haloxylon in this area . On the basis of Saeid Afkham Shoara ( １９９６ ) research at the south of Khorasanprovince , Haloxylon plantation is more compressed than distances which are without any Haloxy lon .
According to received results , the most percent of crown and density of the whole species is between the trees over the age of
２６ years , and the least percent is on the Haloxy lon area from １０‐１５ years of age . The principle reason of the drop in thepercent of crown and density of the whole species is destruction factors , in the other land , with the passing time andovercoming of annual species the percent of the crown and density of the whole species in understories of the Haloxy lonplantation increase .
And also the percent of crown and density of the whole species between the Haloxy lon trees that its principle reason is theeffect of upper level on understories cover .
ReferencesAharanjani , B . , (１９９７ ) .The cultivation of Haloxy lon in Iran . Journal o f Sonboleh ９３ :１１‐１７ .Bakhshi , J . , ( ２００５ ) . A Study on the Effect Haloxy lon Plantation on Understories Vegetation and Soil Properties for Aridzone Management propose in Ardestan , Isfahan , . Master thesis Proposal , Gorgan Univercity o f A gricultural Sciences and

Natural Resources , ９８ pp .Mesdaghi , M . , (２００４) . Range management in Iran , A stan Ghods Raz av i . , ３３３p .Saeid Afkhmshoara , M , R . , １９９６ . Effect of Haloxy lon in the Change of Under stories Vegetation on Haloxy lon Plantation ,South of Khorasan . Journal o f Pajouhesh & Saz andegi ２９ :３１‐３３ .
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An investigation on total nonstructural carbohydrate trends in three Agropyron grasses of
Golestan National Park in northern Iran
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Introduction We examine total nonstructural carbohydrate ( TNC) concentrations in three grasses within the genus A gropy ron :of A gropy ron cristatum ( L .) Gaertner , A gropy ron trichophorum ( Link) Richt . , A gropy ron intermedium ( Host ) Barkw .and D .R . Dewey , within Golestan National Park in northern Iran . Our objectives were to (１ ) compare TNC reserves amongroot , crown , and rhizoms and (２) compare TNC concentrations during phenological development .
Material and methods Plant materials root , crown , and rhizome were collected throughout grow th of three grasses and weredried at ７０ ℃ for ４８ hours then ground to pass a ３５‐mesh screen . The TNC concentrations were determined colorimetrically .Data of TNC concentrations in the root , crown , and rhizome in different stages were analyzed using ANOVA and completelyrandom design .

Figure 1 Total nonstructural carbohydrate concentrations at 8 grow th stages . S tages 1 , 2 , and 3 in ( a) and (b) , 1 and 2 in
( c) are vegetative grow th . 4 in (a) and (b) , and 3 in (c) are heads in boot . 5 in (b) , and 4 and 5 in (c) are heads out . 5 in
(a) , and 6 in (b) , and (c) are f ull f lowering . 6 in ( a) , and 7 in (b) , and (c) are seed ripening . 7 in ( a) and 8 in (b) ,
and (c) are seed dissemination .

Results As it is shown in Figure １ . the concentration of TNC are different ( p ＜ ０畅０５ ) in root and rhizome for A gropy ron
intermedium . These concentrations are similar for A gropy ron cristatum , but are still significant ( p ＜ ０畅０５) . The concentrationof TNC are even more similar for A gropy ron trichophorum , but are not significant ( p ＞ ０畅０５) .
Conclusions In general , seasonal variation of TNC concentrations in storage organs varying among these closely related grasseswith time . Further research will help elucidate grazing intensity and timing that promotes the vigor of these species .
ReferencesDaer . T . and E . Willard . ,( １９８１ ) . Total nonstructural carbohydrate trends in blue bunch wheat grass related to grow th andphenology . Range Manage . ３４ : ３７７‐３７９ .Holcheck . J . L . , R . D .Pieper . and C . H . Herbel . ,( ２００５ ) . Range management principle and practice ,５th Edition . PrenticeHall . Newgerssey .Hyder . D . N . and F . A . Sneva . ,( １９５９) . Grow th and carbohydrate trends in crested wheatgrass , Range Manage . １２ : ２７１‐

２７６ .
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Leaf morphogenesis as a basis for developing defoliation management strategies in multispecies
plant communities of the Flooding Pampa (Argentina)
A gnusdei M .G . 1 , and M .R . Colabelli 2
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　 　 Figure 1 Simulated net leaf length per tiller
(mm , A NLL ) .

Introduction The time of full expansion of the maximum number ofleaves per tiller is considered an indicator of the optimal time betweensuccessive defoliations in terms of DM production , physiologicalstatus and efficiency of herbage utilisation ( Lemaire and Agnusdei ,
２０００ ) . The leaf morphogenesis of three temperate grasses , two nativeperennials [ Hordeum stenostachys ( Hs ) , S tip a neesiana ( Sn ) ] andone naturalised annual [ Lolium multi f lorum ( Lm ) ] under naturalfield conditions was studied . The information was used to simulate theaccumulated net leaf length per tiller ( ANLL ) under differentdefoliation regimes after complete defoliations .
Materials and methods The study was conducted in a natural grassland
(３７°４５′ S lat . and ５８°１８′W long .) temporarily excluded from cattle .Leaf number , turnover and elongation were measured in marked tillersduring ２ years in five periods that covered a wide range of mean airtemperatures . Leaf appearance and leaf elongation rates were relatedwith mean air temperature ( LER‐temp) .
Results and discussion Estimated phyllochrones were １９６ ± １２ , １４７ ± ９
y ３４５ ± ４１ ℃ .day for Hs , Lm and Sn , respectively .Lineal functionswere fitted for LER‐temp , Lm having the highest slope as comparedto Hs and Sn . The functions were supported by closed to １ observed /estimated final leaf length ratios ( according to Lemaire and Chapman ,
１９９６) . The simulations of ANLL were performed at the own leaf lifespan of the species and at S .neesiana rhythm ( slowest leaf turnover) .They indicate that extending the defoliation interval in order to matchSn leaf turnover would considerably reduce the potential harvestableforage of Hs and Lm ( around ０ . ４０ in blade length ) . Resultsencompass important implications for the grazing management ofmultispecies vegetation , emphasizing the relevance of themorphogenetical heterogeneity of coexisting species as a key andunavoidable factor to handle when an acceptable compromise betweenherbage utilisation efficiency and sustainability of plant communities isdesired .
ReferencesLemaire G . , Agnusdei M .G . , ( ２０００ ) . Leaf tissue turn‐over andefficiency of herbage utilization . Grassland Ecophysiology and

G raz ing Ecology . CA BI , Oxon . pp .２６５‐２８７ .Lemaire , G . , Chapman , D . , ( １９９６ ) . Tissue flows in grazed plantcommunities . The Ecology and Managegment o f G raz ing
Systems . CAB International , UK , pp . ３３‐３６ .
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Re‐generation ecology of Cymbopogon jwarancusa and Chrysopogon aucheri grassland in
Highland Balochistan , Pakistan
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Introduction Chrysopogon aucheri and Cymbopogon j w arancusa are the dominant bunchgrasses in grassland ecosystems ofhighland Balochistan . These grasses are found on a wide variety of soils over a wide range of elevations and play an importantrole in ecosystem level processes ( Carney , １９８９ ) . Both species provide the major source of forage for small ruminants .Overgrazing , coupled with human disturbances has degraded most of these grasslands . Management strategies aimed atreversing the degradation of Cymbopogon‐Chrysopogon grasslands require an understanding of many aspects of plant ecologyand recruitment ( Schoot , １９９５) .
Material and methods Highland Balochistan has a continental arid to semi‐arid climate which is Mediterranean in character , withannual rainfall varying from １５０ to ３５０ mm . Most of the rainfall occurs in the winter months . Temperatures vary with elevationranging from ４０

o C in summer to‐１０ ℃ in the winters . Soils are mostly skeletal and are derived from sandstone , limestone andshale . Field experiments were conducted to investigate the seed attributes , movements and fates of dispersal units , soil seedbank and seedling establishment of Chrysopogon aucheri and Cymbopogon j w arancusa in a representative grassland ecosystemin highland Balochistan . All the experiments were conducted on the natural stands of grassland . Three parallel transect wereestablished for monitoring the seed dispersal ( phase I & phase II) and soil seed bank . Seven major microhabitats ( Cymbopogon
j w arancusa plants , Chrysopogon aucheri plants , dead centers of Cymbopogon jw arancusa plants , dead centers of
Chrysopogon aucheri plants , A rtemisia maritime plants , gravel interspaces between plants , and soil interspaces betweenplants) were also evaluated to seedling recruitment and seedling establishment .
Results Cymbopogon j w arancusa had more filled and viable caryopses than Chrysopogon aucheri . Chrysopogon auchericaryopses had greater mass ( １ .２ ± ０ .１ mg ) than Cymbopogon j w arancusa caryopses ( ０ .６ ± ０ .１ mg ) . Seed viability of
Cymbopogon j w arancusa was better (６３％ ) than Chrysopogon aucheri (５０％ ) . Seeds ( spikelets) of both species have similarmorphological features . Spikelet dispersal occurs primarily by wind over a ２ to ３ week period in late June or early July .
Chrysopogon aucheri has one dispersal unit , a triplet spikelet . Cymbopogon jw arancusa has four different dispersal units : apaired spikelet , a partial raceme , an entire raceme , and a partial inflorescence ( two racemes) . Mean phase‐１ dispersal distancesof spikelets from the edges of the basal crown of Cymbopogon j w arancusa and Chrysopogon aucheri were recorded ９４ and ７９cm , respectively . Spikelets of Cymbopogon j w arancusa and Chrysopogon aucheri moved mean distances of ２６ and ３２ cm ,respectively on the ground surface before becoming trapped in a microhabitat . Gravel interspaces and plants canopies occupiedhigher proportional area and captured relatively a higher proportion of spikelets of both species . Both species had a weakly
persistent soil seed bank with higher amounts of seeds found under plant canopies compared to open interspaces . More spikeletswere found in the upper (０‐２ .５ cm) soil depth than the lower (２ .５‐５ .０ cm) soil depth in different microhabitats . Ants ( Tica
Verona) were the main spikelet predator for Chrysopogon aucheri . Cymbopogon j w arancusa had higher seedling densities andmore tillering capacity than Chrysopogon aucheri .
Conclusions Gravel microhabitats had the highest proportional seedling survival for both species . Gravel interspaces weresuitable microhabitats for seedling development , possibly due to the vertical entrapment of dispersal units and reducedcompetition from more distant established plants . Cymbopogon j w arancusa has a greater regeneration potential than
Chrysopogon aucheri in this grassland ecosystem in highland Balochistan . It may be difficult to increase the composition of
Chrysopogon aucheri , the more desirable species in these grasslands , when using management techniques that rely on naturalregeneration .
ReferencesCarney , H . J ( １９８９ ) . On competition and the integration of population , community and ecosystemstudies . Functional

Ecology , ３ , ６３７‐６４１ .Schoot , G .W (１９９５) . A seed trap for monitoring seed rain in terrestrial communities . Canadian Journal o f Botany , ７３ , ７９４‐
７９６ .
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Trajectories of ecological change at a patch scale in a semi‐arid woodland
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Introduction This study is exploring the complex biogeochemical processes which drive ecosystem function in a patchilyvegetated woodland . It quantified the differences in functionality which occur at a patch scale and draws managementimplications .
Materials and methods The sampling was conducted in semiarid red sandplains supporting acacia ( mulga ) shrublands withperennial grasses in Western Australia ( ２８°４０′S , １１６°３０′E ) . A total of １１ different condition subclasses of patches andinterpatches were originally identified based on biophysical features . Six parameters were measured ( see Figure １ ) onrepresentative individual patches and interpatches from each subclass . Data was analysed using a Principal ComponentAnalysis . T ransect data was used to calculate the relative proportions of the patch and interpatch subclasses on a paddock scale .

Figure 1 Di f f erences in patch and interp atch subclasses based on key biophysical parameters ( dotted lines highlight the
observed gradients between condition subclasses w ithin the same class ( i .e . trees and shrubs ＞ 3 m‐P1 , P2 and P3 ; trees and
shrubs ＜ 3 m‐P4 , P5 and P6 ; perennial grasses‐P7 and P8 ; interpatch zones‐P9 , P10 and P11) .

Results The results clearly support the hypothesis that different patch and interpatch condition subclasses could be uniquelycategorised based on biophysical and chemical properties . �High‐order�patches ( e . g . P１ , P４ , Figure １ ) were morebiologically active , had more than twice the number of perennial species , had ５０％ higher infiltration rates , and had up to fivetimes higher nutrient content than low‐order ( P１０ , P１１ ) interpatches ( P ＜ ０ .０５ ) . Clear condition gradients were establishedbetween the different condition subclasses ( Figure １ ) . T ransect results suggest that the proportion of these subclasses in alandscape can be altered by management .
Conclusions Managers should adopt practices which maximises perennial ground cover and biodiversity in mulga woodland by
protecting existing high‐order patches and promoting the ecological succession of low‐order patches and interpatches .
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Effects of traditional range enclosures and seasonality on herbaceous plants biodiversity in
southern Ethiopia
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Introduction T raditional range enclosures have played important roles in the restoration of herbaceous plant biodiversity indegraded rangelands . In southern Ethiopia , the use of range enclosures has been ongoing for the last three decades due tochanges in land use from nomadic to sedentary grazing ( Angassa , ２００７) . We sampled six enclosures varied in age from １２‐１４

years , １７‐２４ years and ２６‐３０ years old representing younger , medium and older age categories , respectively . The adjacentrangelands were continuously grazed .
Materials and methods Herbaceous vegetation was sampled by randomly locating １０ １ × １ m２ plots in the individual enclosuresand the same numbers in adjacent grazed rangelands during two wet seasons ( November ２００３ and May ２００４ ) and one dryseason ( February ２００４) ( n ＝ １２０ plots ) . The proportion of grass basal cover ( ％ ) was estimated visually based on the areacovered by grass base compared to bare ground . Herbaceous species richness was determined as numbers of species per unitarea . Herbaceous biomass was hand harvested and reported as dry‐weight ( gm m‐２ ) . Abundance was direct counts . Diversitywas assessed using the Shannon index .
Results The effect of management was significant for herbaceous biomass , grass basal cover , herbaceous species richness anddiversity , but not for species abundance ( Table １ ) . There was a strong seasonal variation by all variables ( Table １ ) . Theenclosure management had more herbaceous species richness (２６ species) than the grazed rangelands (２４ species) . There wasno clear evidence that the response of herbaceous variables to management changed with age of enclosures . Indeed , the effect ofage was significant only for grass basal cover and herbaceous species richness ( Table １) . Herbaceous species richness decreasedwith increasing age of enclosure ( Estimate ± SE‐０ .０２９ ± ０ .０１１ ) . Herbaceous species richness was greater in the medium age(４ .９ ± ０ .０１ species m‐２ ) , than younger (４ .８ ± ０ .１ species m‐２ ) and older (４ .６ ± ０ .１ species m‐２ ) enclosures .
Table 1 A nalysis o f v ariance f or the e f f ects o f management , age and seasonality on herbaceous vegetation variables .
Response variable Source df F P
Biomass Management １ 9１４５ 鼢.０６ 倡倡倡

Age １ 9０ ゥ.２０ NS
Season ２ 9１１４ 鼢.３１ 倡倡倡

Management 倡 season ２ 9２３ 挝.８０ 倡倡倡

Grass basal cover Management １ 9１３９ 鼢.７５ 倡倡倡

Age １ 9１３ 挝.６６ 倡倡

Season ２ 9１１ 挝.８０ 倡倡倡

Management 倡 season ２ 9５ ゥ.３２ 倡倡

Abundance Management １ 9０ ゥ.００ NS
Age １ 9３ ゥ.４３ NS
Season ２ 9５０ 挝.４８ 倡倡倡

Management 倡 season ２ 9１ ゥ.２３ NS
Richness Management １ 9１７ 挝.６１ 倡倡倡

Age １ 9６ ゥ.３０ 倡

Season ２ 9３ ゥ.３２ 倡

Management 倡 season ２ 9０ ゥ.４０ NS
Diversity Management １ 9１３ 挝.１８ 倡倡倡

Age １ 9９ ゥ.１１ NS
Season ２ 9１４ 挝.３９ 倡倡倡

Management 倡 season ２ 9３ ゥ.３５ 倡

倡 P ＜ ０ .０５ , 倡倡 P ＜ ０ .０１ , 倡倡倡 P ＜ ０ .００１ , NS P ＞ ０ .０５
Conclusions We found significantly greater herbaceous biomass and grass basal cover in the enclosures than in the grazed sites .The enclosures had more herbaceous species richness than the grazed rangelands . However , the older enclosures had nosuperior benefits over the younger in terms of herbaceous production , herbaceous species richness and diversity . From thecurrent finding , it can be concluded that management and seasonality were more influential in driving the productivity anddiversity of herbaceous plants in the rangelands of southern Ethiopia than age alone .
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Oat and wheat added to annual ryegrass pasture to improve the seasonal forage offer
M . A rz adun , H . L aborde , D . Morris and L . Fern ndez
Universidad Nacional del Centro ; Universidad Nacional del Sur ; Comisión de Investigaciones Cienti f icas
Chacra Ex perimental , CC ２０４ ,７５４０ ,Coronel Suarez , A rgentina . E‐mail :marz adun＠ in f ov ia .com .ar

Key words :mixtures ,annual ryegrass , oat , wheat , seasonal yield
Introduction Grazing of annual ryegrass ( Lolium multiflorum L ) pasture is extensively used on livestock farms of Argentina
( Jacobo et al , ２０００ ) providing high quality forage during winter and early spring . Nevertheless , in the subhumid region of thecountry , forage shortage begins during fall and early winter annual crops such as oat can be more adequate ( Brizuela et al ,
２００１) . Complementary use of winter annual crops with different seasonality is proposed in mixtures to elongate the grazingperiod during the cold season ( Juskiw et al , ２０００) .
Materials and methods During ２００４ and ２００５ an experiment was conducted in the south of Buenos Aires Province ( sub‐humidarea) to evaluate the mixture of annual ryegrass ( cv . Magnum) with oat ( cv . Boyera) , and wheat ( cv . Estrella) . T reatments(９) were ryegrass (６００ live seeds m‐２ ) and the addition of each cereal to ryegrass at seeding rates of ２９ , １１７ , ２０６ and ２９０ liveseeds m‐２ . These treatments were seeded in March on a Hapludol soil of moderate fertility on ５ complete randomized blocks andfertilized with １２０ Kg / ha of urea in April . Forage yield was evaluated by cutting the central ５ m２ area of each plot in June ( fall
yield) , September ( winter ) and November ( spring ) . Effects of year , treatment and period were analised by ANOVA andorthogonal contrasts were used to evaluate the effect of both cereal additions , when significant F‐test was reported fortreatments .
Results The annual forage yield was not different between years and effects of treatment . However , period and theirinteractions were significant ( P ≤ ０ .０１ ) and consequently results of each period are presented ( Table １) . Both cereals added toryegrass increased the fall yield and the effect of oat was higher than that of wheat . An inverse effect and trend along seedingrates occurs in spring and in winter by adding oat . The total yield was increased when both cereals were added .
Table 1 Forage y ield o f annual ryegrass and its mix tures w ith oat and wheat at di f f erent seeding rates .

Fall Winter Spring Total
DM Kg ha － １

Pure ryegrass １０４５  １９８４ ;１９１０ m４９３９ 煙
Oat added Seeds m － ２

２９ {１５９８  １６５９ ;１７２８ m４９８６ 煙
１１７ ┅２２３１  １３１３ ;１５００ m５０４４ 煙
２０６ ┅２８９４  １１９８ ;１３７８ m５４７０ 煙
２９０ ┅３２１３  １３４２ ;１３３３ m５８８８ 煙

Wheat added Seeds m － ２

２９ {１１８１  １９７３ ;２１６８ m５３２３ 煙
１１７ ┅１３４８  １８８８ ;１８７３ m５１０８ 煙
２０６ ┅１６４０  １８８０ ;１８６５ m５３８４ 煙
２９０ ┅１８７３  １８２１ ;１６０８ m５３０１ 煙

Effects
Oat addition 倡倡 , L倡倡 倡倡 , L倡 , Q倡 倡 , L倡倡 倡 , L倡倡
Wheat addition 倡倡 , L倡倡 , Q倡 NS 倡 , L倡倡 倡

Oat vs wheat 倡倡 倡倡 倡倡 NS
倡倡 : P ＜ ０ .０１ ;倡 : P ＜ ０ .１０ ; NS : P ＞ ０ .１０ ; L and Q : linear and quadratic effects of seeding rate , respectively .
Conclusions Addition of cereals of early fall grow th to annual ryegrass pasture can improve seasonal distribution of forage yieldand it could be a profitable practice if adequate species and varieties are used .
ReferencesBrizuela , M .A . , DiRocco , L . , Cid , M .S . , ( ２００１ ) . Rendimiento de materia seca ,tasa de acumulación inicial y número decortes de verdeos de invierno en siembras escalonadas . Revista A rgentina de Producción Animal ２１ ,６７‐７９ .Jacobo ,E . J . ,Rodríguez ,A .M . ,Rossi ,,J .L . ,Salgado ,L .P . ,Deregibus ,V .A . ,(２０００ ) . Rotational stocking andproduction of Italian ryegrass on Argentinean rangelands . J . Range Manage . ５３ ,４８３‐４８８ .Juskiw , P .E . , Helm , J .H . , Salmon , D .F . , ( ２０００ ) . Forage yield and quality for monocrops and mixtures of small graincereals . Crop Science ４０ ,１３８‐１４７ .
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Large‐scale changes in ratio of C3 and C4 plants in central Asian grassland during the last century
as recovered from wool archives
K . A uersw ald1 , T . Maennel1 , Y .F . Bai2 , M . W ittmer 1 , H . Schnyder1
1 Technische Universit惫t München , Lehrstuhl f ür Grünlandlehre , Am Hochanger 1 , D‐85350 Freising‐Weihenstephan . E‐
mail : auersw ald ＠ wzw . tum . de , 2 Research Center o f Plant Ecology , Chinese A cademy o f Sciences 20 Nanx incun ,
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Key words :Carbon Isotope Discrimination , C３ plants , C４ plants , Central Asian Grassland
Introduction The Central Asian grassland is one of the largest biomes on earth with significant influence on globalbiogeochemical cycles . It is characterized by the co‐existence of plant species with either C４ or C３ photosynthetic pathways ,which differ in carbon isotope composition . The C３ /C４ ratio is controlled by climate and land use which have changed during the
past century ( global warming and atmospheric CO２ increase ; increased stocking rates ) . However , it is unknown if thesechanges have actually elicited changes in the C３ /C４ ratio .We used old and modern woollen materials and carbon isotope analysisto reconstruct vegetation changes , which are recorded in the hair of the grazing animals .
Material and methods ４１４ wool samples from ９９ sites in Inner Mongolia ( Figure １ ) dating form １９２８ to ２００５ were collected andanalyzed for carbon isotope composition . The C３ /C４ ratio was then computed from the carbon isotope composition by takinginto account the change in the carbon isotope composition of atmospheric CO２ and the influence of aridity on the carbon isotopecomposition of the C３ component .
Results Average C４ abundance in Inner Mongolia increased in two steps from １％ (１９２８ － １９６２ ) to ９％ (１９６３ － １９９８) and ２５％(１９９９ － ２００５ ) w ith simultaneously increasing scatter due to the evolution of a spatial pattern . No significant trends in C４abundance and scatter occurred within any period . These findings contradict predicted decreases in C４ abundance due to risingCO２ concentrations . The increase in C４ abundance seems to be caused by a combination of rising regional temperature , increasedhuman impact ( increased stocking rate and decreased herd mobility ) and short‐term weather events , all favouring the spread ofC４ plants . The C４ abundance especially increased around large towns in the desert steppe .

Figure 1 Location o f the samp ling sites in Inner
Mongolia . The shades o f grey disp lay the mean
annual p recip itation o f the last normal period .

Figure 2 Proportion o f C4 p lants in f eed o f
small grazers (mean ± standard dev iation) .

Conclusions The C４ abundance in the Inner Mongolian steppe increased probably due to overgrazing and regional warming .These factors were strong enough to override the effect of the rising atmospheric CO２ , which should have favour C３ expansion .
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Growth parameters of forages in a cool semi‐arid climate
S . Bittman1 , D . H . McCartney 2 , F . C . Stevenson3
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Key words : grazing , harvest , bromegrass , wheatgrass , wildrye , alfalfa , fall rye , maximum grow th rate
Introduction Comparative studies have been conducted on yield performance of forages adapted to the Parkland region of theNorthern Great Plains . However , these studies have failed to provide generalized descriptions of the seasonal grow th patternsof these species . The objective of this study was to examine and compare the seasonal grow th patterns of forage species in acool , semi‐arid environment .
Materials and methods The field study was conducted in northeast SK , Canada , with mean annual temperature of １ ℃ , total
precipitation of ４１３ mm and approximately １０５ f rost free days . Forages ( listed in Table １) were planted in the year prior to thecommencement of sampling , arranged in a randomized complete block design ( ４ blocks ) , and fertilized with １００ kg N ha‐１
（except for alfalfa) . The forages were sampled regularly from early May to August for ５ years ; new plot areas were sampledeach time and year to avoid effect of previous sampling . Analysis of variance was done with species as main plot and samplingdate as subplot . Also , grow th data was fitted to a non‐linear Gompertz equation in order to characterize and calculate grow th
parameters for these species (DAFS is day after first sampling) :Yield ＝ aebe(‐k × DA FS )

Results Analysis of variance showed significant species x sampling date interactions . Results from fitted Gompertz equations foreach species are presented in Table １ . Maximum grow th rate occurred earliest ( May ９ ) and was greatest ( indicated bycoefficient �b�) for CWG . Due to rapid early grow th , CWG would be available for grazing ( based on １５００ kg ha‐１ standingbiomass) about a week earlier than the other species . Grow th rate of other perennial species peaked about a week later thanCWG (May １６‐２１) whereas fall rye peaked May ２６ . Maximum grow th rates ( MGR) for all perennial species occurred at ＜

１２ ℃ mean daily temperatures , which is lower than optimum for cool season grasses ( １５‐２５ ℃ ) ( Nelson １９９６ ) . MGR occursduring the phenologically‐determined stem elongation phase when there is a strong a sink for carbohydrates from the crowns andleaves . Maximum grow th rate was lower for MB than CWG possibly due to a weaker sink associate with lower proportion ofseed‐forming reproductive tillers . The dominant cultivated grass in the region , SB , had an intermediate maximum grow th rate .With their more rapid grow th and discrete asymptotes ( coefficient �k�) , CWG and ALF reached ９０％ of maximum yield overthree weeks before the other grasses , and both species had the lowest ADF and NDF at this milestone ( not shown) . Thesecrops can be harvested earlier , whereas the optimum date of cutting is less distinct for SB , MB , IWG and AWR . Despiterelatively large differences in �b�and �k�coefficients , the �a�( maximum yield ) coefficients were similar for all grasses .Paradoxically ALF had the greatest grow th rate and the lowest maximum yield , but ALF also has the greatest potential forregrow th after harvest . In this water limited region , early grow th ( CWG) benefits from lower vapour pressure deficits whereaslater grow th ( IWG and MB) benefits from more abundant precipitation in late‐June to early July .
Table 1 Gompertz coe f f icients ( SE ) f or f ertiliz ed grasses and al f al f a f or a ５‐y r period in Mel f ort SK . ( a indicates
asymp tote , b indicates steepness o f rap id grow th and k re f lects f latness o f asymp tote)

a b k
Crested w heatgrass ( CWG ) A grop y ron cristatum L . Gaertn . ３ 儋.６ ( ０ .１ ) ６ !.９ ( １ .０ ) ２ i.７ ( ０ .４ )
Altai wildrye ( AWR) Leymus angustus T rin .Pilger ３ 儋.３ ( ０ .２ ) ４ !.６ ( ０ .９ ) １ i.７ ( ０ .３ )
Smooth bromegrass ( SB) Bromus inermis Leyss . ４ 儋.４ ( ０ .２ ) ５ !.４ ( ０ .７ ) １ i.９ ( ０ .３ )
Meadow bromegrass ( MB) Bromus biebersteinii Roem & Schult . ３ 儋.８ ( ０ .４ ) ３ !.４ ( ０ .７ ) １ i.２ ( ０ .３ )
Inter . Wheatgrass ( IWG) Ely tr igia internedia ( Host ) Nevski ４ 儋.０ ( ０ .２ ) ４ !.５ ( ０ .７ ) １ i.６ ( ０ .３ )
Alfalfa ( ALF) Medicago sativ a L . ２ 儋.４ ( ０ .１ ) ９ !.４ ( ２ .２ ) ３ i.４ ( ０ .８ )
Fall rye ( FR) Secale ce reale L . ３ 儋.５ ( ０ .２ ) ７ !.６ ( １ .２ ) ２ i.６ ( ０ .４ )

Conclusions The Gompertz coefficients were effective for describing average grow th patterns over ５ years , and the equationswere useful for calculating parameters such as dates of critical herbage biomass for grazing or harvesting . The shape of the
grow th curves reflected attributes of the species such as flowering synchrony and reproductive tendency .
ReferenceNelson CJ . ( １９９６) . Physiology and development morphology . pp . ８７‐１２６ . Moser et al . ( eds .) Cool Season Forage Grasses .

American Society o f A gronomy Madison W I .
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Classification of rangeland vegetation and modelling of vegetation patterns at the Jabal al Akhdar
mountain , northern Oman
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Key words : Hajar mountains , rangeland vegetation , species indicator analysis , two way cluster analysis , discriminant analysis
Introduction The species diversity and the levels of endemism within the northern mountains of Oman are particularly high .Despite some earlier work , data are lacking about the distribution and ecology of different plant species , and also the vegetationresponse to environmental conditions and land use , particularly grazing . The aim of this study therefore was to describe thespecies composition , floristic diversity and vegetation patterns of open woodlands at Al Jabal al Akhdar along an altitudinal anda grazing gradient .
Materials and methods The species composition and several environmental variables such as browsing / grazing intensity , swardstructure and distance to the settlement were investigated for ６２ samples (２０ × ３０ m) using a nested plot design . Classificationanalysis ( two‐way cluster analysis and indicator species analysis) and ordination methods (DCA) was used to define vegetationtypes and to identify underlying environmental gradients . The species diversity and the functional diversity were calculated toshow the effects of grazing intensity and altitude on biodiversity . A modelling approach based on discriminant analysis and theGIS were used to model the distribution of vegetation types within the study area .

　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 Figure 1 DCA species samp le bi‐p lot
( H ill摧s scaling ) f or the f ive
vegetation groups on A l Jabal al
A khdar , Oman . The two axes
rep resent 20％ o f variance in the
data set ( ax is 1 ＝ 0 .613 ; ax is 2 ＝

0 .217 , sum o f all eigenvalues ＝

4畅338) .

Results The five group stage of the cluster analysis was the most informative , with the maximum number of significantindicators (６７ ) . Floristic and structural differences between groups were mainly due to altitude , followed by topographiclocation and grazing intensity . Groups were defined on the basis of the dominant species : the Sideroxy lon mascatense‐Dodonaea
v iscosa group on grazed and the Olea europaea‐Fingerhuthia af ricana group on ungrazed plateau sites at ２ ０００ m a .s .l . , the
Ziz iphus sp ina‐cristi‐Nerium oleander group on wadi sites , and the Moringa peregrina‐Pteropy rum scoparium group at
１２００ , and the A cacia gerrardii‐Leucas in f lata group at １７００ m . The plant species richness followed a unimodal distributionalong the altitudinal gradient with the highest number of species in the intermediate altitudinal belt . Altogether , ２７％ of thespecies showed a high degree of grazing damage .
Conclusions The main environmental factors , altitude and topographic location , surmounted the grazing effects on plant speciesrichness in the present investigation . Future work should attempt to quantify more clearly the grazing effects with thesuccessional shif t in species composition and the regeneration ability .
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Dynamics of 4‐species plant systems over three years at 19 sites across Europe
C . Brophy 1 , J . Connolly 1 , L . K irw an2 , J . Finn2 , A . Lüscher 3 , T . Sebastia4 , R . Collins5 , C . Porqueddu6 and A .
Helgadottir 7
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Key words : species dynamics , multi‐site , climatic gradient , grass , legume
Introduction The ability of a community mixed plant species to remain stable over time may depend on a number of factorsincluding the species present , the initial evenness and the climatic conditions . Previous work on grassland mixtures shows thatdiversity benefits in respect of yield and unsown species are higher when the proportions of four species are relatively evenlydistributed ( Kirwan et al . , ２００７ ) . In this paper we examine results from a multi‐site agrodiversity grassland experimentcarried out under the auspices of COST８５２ and assess the development of the dynamics of the experimental ４‐speciescommunities over three harvest years . Mixtures that remain somewhat evenly distributed over time may be superior atdelivering important ecosystem functions .

　 Figure 1 A nnual average percentage o f
total y ield f or each o f the f ours species
(G1 ■ ； G2 ▲ L1 × ; L 2 ＋ ） and f or
unsown species ( ● ） f or ( a) the ME group
and (b) the NE group .

Materials and methods A common experiment was carried out over a wideclimatic gradient at １９ sites across Europe using four species ( two grasses andtwo legumes) and is described in full in Kirwan et al . ( ２００７ ) . At each site ,fif teen experimental communities were established at each of two sowingdensities ( low being ６０％ of high ) . There were four monoculturecommunities ( one for each species ) and １１ four‐species communities wherethe initial proportions of each species was varied ; of these １１ , there were fourcommunities with one dominant species ( ７０％ , １０％ , １０％ , １０％ ) , sixcommunities with two species dominant ( ４０％ , ４０％ , １０％ , １０％ ) and acentroid with each species equally present (２５％ , ２５％ , ２５％ , ２５％ ) . One oftwo species‐groups was used at each site ; the Mid‐European group ( ME )with species Lolium perenne ( G１ ) , Dacty lis glomerata ( G２ ) , T ri f olium
p ratense ( L１ ) and T ri f olium repens ( L２ ) was sown at １４ sites and theNorthern‐European group ( NE ) with species Phleum p ratense ( G１ ) , Poa
p ratensis ( G２ ) , T ri f olium p ratense ( L１ ) and T ri f olium repens ( L２ ) wassown at the remaining five sites . A number of harvests was taken at each siteover a period of three years and the annual total yield of each of the sownspecies and of unsown species was recorded .
Results and discussion For the ME group , Dacty lis glomerata ( G２ ) becameincreasingly dominant over the three years and in year ３ it dominated onaverage ６１％ of annual harvest [ Figure １ ( a) ] . For the NE group the grasses
Phleum p ratense ( G１ ) and Poa p ratensis ( G２ ) became dominant , and in year
２ and ３ together accounted for more than ６０％ of annual harvest while thelegumes in this group decreased slightly over the three years [ Figure １ ( b) ] .Unsown species increased in the third year in the ME group but remainedstable over the ３ years in the NE group .
Conclusions In both groups grasses became dominant over legumes over thethree year period , however the relative importance of the two grass specieschanged over time . In the ME group both grasses were strong in year １ butG２ dominated in year ２ and ３ . In the NE group G１ dominated in year １ but both G１ and G２ were dominant over legumes in year
２ and ３ .
ReferenceKirwan , L . , et al . , (２００７) . Evenness drives consistent diversity effects in an intensive grassland system across ２８ Europeansites . Journal o f Ecology ９５ , ５３０‐５３９ .
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Grassland diversity enhances productivity at low and high levels of nitrogen addition
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Introduction A central theory of ecology postulates that ecosystem processes in more diverse ecosystems are more stable than inless diverse ones , especially when environmental changes occur . Thus , diversity can provide insurance for some ecosystemfunction responses , such as biomass production ( Yachi & Loreau , １９９９ ) . This study quantifies the contribution of speciesidentity and evenness to biomass production in mixed grassland systems under different N addition regimes .
Material and methods A split‐plot field experiment was established in autumn ２００６ . The main plot treatment varied plantdiversity and the split‐plot treatment varied nitrogen ( N ) application ( ＋ １５５ kgN / ha/ yr) . All plots received a total of ４５ kg /ha/ yr N in two applications and were harvested ３ times in ２００７ . Plant community composition consisted of two grasses ( G１ :
Lolium perenne and G２ : Phleum p ratense ) and two legumes ( L１ : T ri f olium p ratense and L２ : T ri f olium repens ) sown atproportions defined within a simplex design . Thus , evenness ( E) , a measure of the distribution of the relative abundance ofspecies in a community , was varied ( Kirwan et al . , ２００７ ) . The basic design consisted of ４ monocultures ( E ＝ ０) , ６ two sp .‐mixtures ( E ＝ ０ .６７) and １８ four sp .‐mixtures dominated in turn by each species (８８ :４ :４ :４ ,E ＝ ０ .２９ and ７０ :１０ :１０ :１０ , E ＝
０ .６４) , by pairs of species (４０ :４０ :１０ :１０ , E ＝ ０ .８８ ) and equally represented at the centroid (２５ :２５ :２５ :２５ , E ＝ １) . The designwas repeated at two levels of overall initial abundance ( low being ６０％ of high ) . Total yield was analysed as a function ofspecies identity and evenness ( Kirwan et al . ２００７ ) using linear mixed models to account for the split plot random effects .Likelihood Ratio Tests ( LRT ) were used to identify significant terms in the model . Analyses were performed in R ( version ６ .０) .

　 　 Figure 1 Total y ield at di f f erent
levels o f sown evenness . L ines
rep resent high ( triangles ) and low
(circles) levels o f N addition .

Results and discussion Both evenness ( LRT x２１ ＝ ７ .８１ ; P＝ ０ .００５) and N addition( LRT x２１ ＝ ４７ .６８ ; P ＜ ０ .００１ ) had significant and positive effects on total yield( Figures １ and ２ ) . There was a linear relationship between yield and evenness ,which was maximum at the centroid where estimated yield was １ .６３ t / ha morethan expected from monoculture yields . The interaction between N treatment andevenness ( N 倡 E) was not significant ( LRT x２１ ＝ ０ .９１ ; P＝ ０ .３４１ ) . The positiveoverall effect of N addition depended on the increase in yield of the two grassspecies ( average increase of １ .１４ ± ０ .１４ t / ha in monocultures at high N level ;Figure ２) .
Unlike other similar studies ( Kirwan et al . , ２００７) transgressive overyielding didnot occur ; mixtures ( E ＞ ０ ) did not consistently yield higher biomass than thebest‐performing monoculture ( Figures １ and ２ ) . The centroid yield at the lowlevel of N addition was comparable to the yield of the best‐performingmonoculture at the high N level .

　 　 Figure 2 Mean ( ＋ sed ) y ield o f
species in monoculture and at the
centroid ( dark grey : low N ; light
grey : high N ) .

Conclusions These results indicate benefits of using agronomic mixtures inmanaged grasslands under high and low levels of N addition . The positive effectof evenness at both high and low levels suggests that the diversity effect was notsolely due to symbiotic N fixation . Other benefits of grassland mixtures will beinvestigated , and include stability of yield over time and resistance to weedinvasion .
ReferencesKirwan L . et al . ( ２００７ ) . Evenness drives consistent diversity effects in anintensive grassland system across ２８ European sites . Journal o f Ecology , ９５ ,
５３０‐５３９ .Yachi & Loreau (１９９９) . Biodiversity and ecosystem productivity in a fluctuatingenvironment : the insurance hypothesis . PNA S , ９６ , １４６３‐１４６８ .
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Controls of seedling recruitment of annual species in temperate perennial pastures
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uba .ar
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Introduction Temperate pastures are characterized by low grow th rates during the winter . The incorporation of annual species inthe mixture gives the opportunity to balance the distribution of the forage allowance through the year . However , successfullyseedling recruitment every year depends upon the environmental conditions which : ( １ ) allows the reproduction of the motherplant at the end of the growing season ( Forcella , ２０００) and (２) breaks the dormancy of the seeds (Benech et al . , ２０００) . Theobjective of this work was to evaluate the patterns of seedling recruitment of two annual species , brome grass ( Bromus
catharticus ) and red clover ( T ri f olium p ratense) , under different environmental conditions .
Materials and methods We registered the emergence of brome grass and red clover seedlings in two temperate pastures during
２００５‐２００６ in a dairy farm located at General Las Heras , Buenos Aires province , Argentina ( ３４°５９′S ; ５８°５０′W) . The grazingregime was low intensity and high frequency . Density of emerged seedlings of the two species ( seedlings/m２ ) was estimated bythe frequency grid method from Vogel and Masters ( ２００１ ) .We also registered the distribution of rainfall and the airtemperatures during the period of evaluation . We analyzed the results through the repeated measures method ( Manova) .
Results and discussion Seedling recruitment of brome grass occurred since April to June in both years ( ８０％ ‐９０％ ) [ Figure １( a) ] . However , the total density of seedlings recruited differed between years : it was significantly higher in ２００５ comparedwith ２００６ ( p ＜ ０ .００１ ) . We propose two possible explanations : the first is associated with moisture requirements ofposmaturity in brome grass .Whereas seeds postmatured under drought conditions , can emerge under a dense canopy , seedsposmatured under high moisture conditions need lighted gaps for successful emergence ( Mollard et al . , ２００７ ) . Differencesbetween rainfall in summer ２００５ ( regular ) and summer ２００６ ( ＋ ５０％ ) could make the differencs about this subject . Thesecond is associated with rainfall during the fall , necessary for emergence after the dormancy break . Again , both years differ by
５０％ in fall rainfall . Seedling recruitment of red clover was less than that of brome grass but it occurred along the whole year ,and it was less significant in ２００６ than in ２００５ ( p ＜ ０ .００１) [ Figure １( b) ] . Legumes produce hard seeds and the hardness lossis regulated by temperature whereas the survival of the seedlings is influenced by moisture conditions ( Frame et al . , １９９８ ) .

Figure 1 Seedling density o f ( a) brome grass and ( b) red clover ( seedling /m２ ) . V ertical lines show standard dev iation .
Dotted lines show monthly rain f all .

Conclusion Brome grass and red clover showed different patterns of seedling recruitment . The main factor that explained thetrend of seedling recruitment observed in brome grass was the occurrence of rainfall previous and during the period ofemergence . Red clover didn摧t show a specific pattern . Knowledge of these factors is required for defining strategies that
guarantee the stability of forage production during the useful life of the pasture .
ReferencesBenech ,R . ,Sánchez ,R . ,Forcella ,F . ,Kruk ,B . and Ghersa ,C . ,(２０００) . Environmental control of dormancy in weed soilseed banks . Field Crops Research ６７ , １２３‐１２９ .Frame , J . , Chalton , J . and Laidlaw , A . , ( １９９８) . Temperate Forage Legumes . Walling tonford : CAB Intenational .Forcella ,F . ,Benech ,R . ,Sánchez R . and Ghersa ,C . ,(２０００ ) . Modeling seedling emergence . Field Crops Research ６７ ,
１２３‐１２９ .Mollard ,F . ,Insausti ,P . and Sánchez ,R . ,(２００７ ) . Flooding induces secondary dormancy in Setaria parv i f lora seeds . Seed
Science Res . １７ , ５５‐６２ .Vogel , K . , Masters , R . , ２００１ . Frequency grid — a simple tool for measuring grassland establishment . J . Range Manage .
５４ , ６５３‐６５５ .
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Central Afghanistan rangelands
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Introduction Afghanistan , encompassing ６３ million hectares , is a little larger than the states of Arizona and New Mexicocombined and has a long history of human occupation . It is a culturally diverse country peopled by tribes of Turkish , Persianand Mongolian descent . The northern foothills of the Hindu Kush , the major mountain range of Afghanistan , are within thehistoric range of the domestication of wheat and barley and sheep and goats some １０ to １１ ,０００ years ago . The grazing of smallflocks of closely herded sheep and goats over the last ４‐５０００ years has been an important factor in shaping the development ofAfghan plant communities . Today rangelands comprise between ６０ to ７５ ％ of the land area depending on the source of theinformation . These rangelands are critical for supplying Afghanistan with livestock products , fuels for heating and cooking ,building materials , medicinal plants and habitat for wildlife . Rangeland watersheds feed the springs , streams and rivers ; thelifeblood of the country that nourishes nearly ４ million hectares of irrigated lands .
Methods The author spent four months in central Afghanistan in ２００６ on a USAID funded project to train Afghan Ministry ofAgriculture employees in rangeland management . This project and subsequent study yield an introduction into the character ofthe rangelands of Central Afghanistan .
Results The climate of central Afghanistan is continental with cold winters and hot , dry summers . Moisture comes as snow inthe winter and rain in the spring . Kabul , at １８００ meters elevation , ３４ degrees north latitude and with ２７０ mm of annual
precipitation has vegetation that looks remarkably similar to that of the hills around Reno , Nevada . Rangelands in the centralregion occur across the Hindu Kush at elevations from １０００ to ４０００ meters and with mean annual precipitation ranging from
１５０ to ５００ mm . The natural vegetation across most of this region is sagebrush steppe with large areas capable of supportingopen woodlands of juniper or pistachio . The soils are nearly all calcareous ; primarily as a result of secondary enrichment bycarbonates from wind‐blown dust . The soil moisture regime is xeric and temperature regimes range from thermic to frigid ( atthe higher elevations) . Shallow to moderately deep (２５ to ６０ cm) coarse textured soils occur on hill‐slopes . They are classed ashaplocambids or haplocalcids . Deep soils occur in valleys and appear to be mixtures of loess and gravely stream alluvium .Textures are silty ; gravel content is variable . They are calcareous , yellow in color and classified as haplocambids . Plantcommunities across the region appear simplified in areas close to cities and villages . Intense human use of these lands during thelast ２３ years of war , drought , law lessness and population increase has resulted in the loss of shrub and tree cover and in plantcommunities dominated by annual grasses and forbs . But , upon closer inspection , many are surprisingly diverse , especially the
plant communities of rocky hill sites . Existing plant communities are well adapted to heavy utilization as livestock grazing hasoccurred for ４‐５０００ years . Perennial grass and grass‐like species and herbs exhibit many adaptations to close grazing . Bulbs ,rhizomes , rootstocks , dormant seed , awns and barbs are common . Hundreds of herbaceous annual species occur in these plantcommunities . Shrubs tend to be well armed with thorns or spines or have high levels of toxic substances or essential oils likealkaloids and terpenes . Several species of juniper and two species of pistachio occur in this region . These low trees presentlyexist in isolated areas but formerly had much more extensive ranges . Sagebrush or A rtemisia species fill a dominant niche inthese xeric and grazing intense environments . The essential oils in sagebrush ( terpenes) inhibit rumen microflora and greatlyreduce the digestion of cellulose . Many species are not grazed at all during the growing season . Shrub cover is ex tremelyimportant to provide soil protection , trap snow on the land , shade the soil surface , as wildlife habitat , to develop rootingstructure and break up soil compaction . The present day utilization of sagebrush for fuel is not sustainable and is one of themost pressing problems in rangeland management in Afghanistan .
Conclusions Rangelands in central Afghanistan are very similar to the sagebrush and juniper rangelands of the Great Basin of thewestern United States . Overgrazing and overharvest of shrubs for fuel threaten these ranges .
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Modeling the growth of alfalfa (Medicago sativa) in the Pampas region
Druille , M . , Garbulsky , M .F . , Deregibus , V .A . Dep t . A nimal Production . Facultad de A g ronomí a . Universidad de
Buenos A ires . A rgentina . E‐mail : druille＠ agro .uba .ar

Key words : lucerne , primary productivity , incident radiation , actual evapotranspiration
Introduction Carrying capacity of grazing systems on the Pampas ( Argentina ) and its secondary production depend on theaboveground net primary productivity ( ANPP ) of their forage resources . While there is descriptive information about theseasonal variability in the productivity of grown perennial forage species , there is less information about the environmentalcontrols of this variability from a long time series and spatially well distributed in the region . Among the cultivated species , thealfalfa ( Medicago sativ a) is the most important forage legume because the large sown area and the wide environmental gradientit occupies . Simulation models that allow estimating crop grow th have been developed for various parts of the world ( McCownet al . , １９９６) . The objective of this study was to construct a model to estimate the PPNA for this species , from local soil andclimate data .
Materials and methods We used data from biomass harvests from a three‐year crop network test ( Chamber of Seed T raders‐CSBC) , located at different sites in the Argentine Pampa and for ７ years (１９９６ － ２００３ ) . We averaged for each month the dailyPPNA , calculated from the aboveground biomass accumulated between successive cuts . We worked with the information offour experimental sites located between ３１° and ３７° south latitude and ５９° and ６３° west longitude and covering an mean annualtemperature ranges from １３ .６ ℃ to １８ .４ ℃ and annual precipitation from ８４０ mm to １１２３ mm . Out of a total of ３１６ cuts , cutsfor the establishment phase and those periods of low grow th rates were eliminated . The monthly ANPP were correlated ,through multiple regressions , with the average monthly temperature , precipitation , incident radiation ( Rad ) and actualevapotranspiration ( ET r) . The latter was estimated from the above variables and data such as soil field capacity and wilting
point . We evaluated the best model developed with information from the northern location , using the data from that location isnot taken into account for the construction of the model and those for the other three seats , for its validation .
Results and discussion The model that best explained the PPNA includes Rad and ET r [ mean monthly daily ANPP ( kg DM /ha .day) ＝ ４ .２４ 倡 Rad ＋ ４ .７１ 倡 ETr － ８ .９３ ] . The application of this model for the whole dataset showed a good agreementagainst the measured ANPP ( Figure １ ) . Overall , the model presented a satisfactory adjustment for all the analyzed locations( Figure ２) . The slope of the relationship between estimated and measured by cuts was not significant different to the line １ :１( p ＝ ０ .９２) . This model does not include ANPP monthly values that exceed ７０ Kg DM / ha .day , believing that these valueswould be explained by factors not taken into account in the design of the model , such as soil fertility or structural variables ofcultivation .

　 Figure 1 Seasonal dynamics o f the A N PP ( 2000 /
2003) , f or two contrasting sites : ( a) Raf aela and (b)
Cnel . Suárez .

Figure 2 Relationship between the measured and the
estimated by the model A N PP f or the f our sites .
Full line is the regression line and the dashed line is
the 1 :1 relationship .

Conclusions Our results suggest that it is possible to estimate the ANPP from climatic data for a wide range of conditions in theArgentinean Pampas . The model could help to better understand the controls of ANPP and to make a more accurate
planification of stocking rate in grazing systems . Moreover , it could help to estimate the effects of climate changes on theANPP of alfalfa .
ReferenceMcCown R . L . , Hammer G . L . , Hargreaves J . N . G . , Holzworth D . P . & Freebairn D . M . , １９９６ . APSIM : a NovelSoftware System for Model Development , Model Testing and Simulation in Agricultural Systems Research . A gricultural

Systems ５０ : ２５５‐２７１ .
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Botanical composition of a phalaris‐dominant pasture 5 years after the introduction of intensive
rotational grazing
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Introduction Phalaris ( Phalaris aquatica) is a significant grass component of many sown permanent pastures in the high rainfallzone of southern Australia ( ＞ ６００mm annual average rainfall) , including the lower south east of South Australia . Its ability to
persist through the summer‐dry , its high grow th rate and the observation that it grows well on the shallow , heavy clay / loamsoils of high pH ( ８ .０‐８ .５ ) that appear to be less well suited to most other perennial grass species of ten promoted for theregion , all help explain its widespread use in the area . Although it has been widely adopted , there has been relatively littlework undertaken on the effects of rotational grazing on this species . Virgona et al . ( ２０００ ) is the most recent example thatstudied the effects of differeing grazing management , concluding that rotational grazing can be used to increase or maintain
phalaris in summer‐dry environments . This paper reports a ５ year study of the effects on botanical composition of changing thegrazing management of a phalaris‐dominant pasture from many years of set stocking with sheep and cattle to intensive rotationalgrazing predominantly with cattle .
Materials and methods In ２００２ Struan Research Centre converted １９０ha of phalaris‐dominant pasture , divided into １０ paddocks ,into an intensive rotational grazing set up using TechnoGrazingTM principals and fencing hardware . This resulted in ４８ paddocksof ４ ha each that can be further subdivided into ６０ individual cells of ０ .６７ha each using temporary electric fencing . The areathat was converted had been sown to phalaris , strawberry clover ( T ri f olium f ragi f erum ) and annual ryegrass ( Lolium
rigidum ) between １９６９ and １９８４ . The botanical composition in six of the new paddocks was estimated at least seasonally by asingle observer using the BOTANAL technique ( Tothill et al . , １９９２) . Plant species were assessed as phalaris , clover , weedsor other grasses . Composition was generally not assessed in the summer‐dry period due to the lack of dry matter at that time of
year . Data are presented as averages of the six paddocks and have been analysed using a general linear model in SAS v９ .１ .３ ( SASInstitute Inc , Cary , NC , USA) .
Results and discussion The percentage ( dry matter basis) of phalaris and weeds in the sward has not altered in the ５ years sincethe grazing management of the paddocks was changed in ２００２ f rom set stocking to intense rotational grazing , indicating thestability of the phalaris component of the sward ( Table １ ) . In contrast , the clover component of the sward was significantlygreater in autumn ２００２ ( P ＝ ０ .００４ ) and ２００６ ( P ＝ ０ .００１ ) than in autumn ２００７ while the �other grasses�component wassignificantly greater in autumn ２００７ than in autumn ２００２ ( P ＝ ０ .００６) and ２００６ ( P ＝ ０ .００１) .
Table 1 Botanical composition ( ％ o f dry matter ) in paddocks soon af ter being re‐ f enced into a TechnoG raz ingTM

con f iguration in 2002 and in the corresponding seasons in 2006 and 2007 .
Phalaris Clover Weeds Other grasses
２００２  ２００６ 妸２００７  ２００２ 倐２００６ �２００７ z２００２ 貂２００６ q２００７ 眄２００２ i２００６ 滗２００７ `

Autumn ４０ 浇４７ 8３７ 创.６ ２２ 0.７ ２１ �.１ ４ �.６ １０ ＃.４ ３ 鲻.２ ４ r.６ ２６  .９ ２８ 拻.７ ５３  .２
Winter ３９ 浇.９ ３９ 8.６ ３５ 创.５ １４ 0.４ ８ 儍.７ ３ �.６ ６ z.５ ７ 鲻.２ ９ r.１ ４０  .２ ４４ 拻.５ ５１  .７
Spring ３７ 浇.８ ３４ 8.６ ３５ 创.１ １０ 0.３ ７ 儍.７ ４ �.９ １ z.８ ５ 鲻.４ ９ r.６ ５０  .２ ５２ 拻.３ ５０  .３

Conclusions These findings support those of Virgona et al . (２０００) that rotational grazing maintains the phalaris component of apasture but provides no support to the proposal that intensive rotational grazing results in phalaris dominating the sward . Theimplication of this finding is that the work reported here involved a high intensity rotational grazing system , with defoliation inspring as often as every ２５‐３０ days . Given that spring is when reproductive development occurs , it is significant that there hasbeen no effect on the density of the phalaris component of the sward over the ５ years of study . In contrast , it appears that thesignificant effects on the clover and �other grasses�components may be more influenced by seasonal conditions than grazing ,since ２００６ was the driest year on record for the Struan Research Centre region , which is likely to have resulted in the impact onclover regeneration noticed in ２００７ .
ReferencesTothill , J .C . , Hargreaves , J .N .G . , Jones , R .M . & C .K . McDonald , (１９９２) . BOTONAL — a comprehensive sampling andcomputing procedure for estimating pasture yield and composition . I . Field sampling . CSIRO Australia , Division of T ropicalCrops and Pastures , T rop ical A gronomy Technical Memorandum No . ７８ .Virgona , J .M . , Avery , A .L . , Graham , J .F . & B .A . Orchard , ( ２０００) . Effects of grazing management on phalaris herbagemass and persistence in summer‐dry environments . A ustralian Journal o f Ex perimental A griculture , ４０ , １７１‐１８４ .
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Unravelling the mechanisms behind the invasion of an introduced and now undesirable grass
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Introduction The introduction of Eragrostis curvula ( African Lovegrass , hereafter Lovegrass) for pasture improvement acrossAustralia has not been successful . Instead Lovegrass , a C４ perennial grass originating from Southern African , has provenunpalatable to stock and to have low nutritional value if stocks do eat it . It has spread prolifically along roadsides , streambanks , conservation areas and pastures . Because control efforts have not been effective , our aim was to determine the putativemechanisms responsible for the dominance of Lovegrass , specifically disturbance ( selective grazing ) and competition .
Methods To achieve this aim , we established a factorial field trial with a split‐plot design in a secondary pasture grazed by cattleand dominated by Lovegrass . The pasture is located in the Millmerran region , Queensland , Australia . The average rainfall ofthis area is ６００ mm/ year in summer ( October to April) and the soil is classified as yellow sodosols . Four large blocks ( ５０m by
５０m) were established , with two fenced and two unfenced to create grazing / no grazing treatments . In each of these blocks , ４８smaller plots (５m by ５m ) were established . The following treatments in all combinations ( four replicates per block ) wereapplied : (１) fertilizer ( N‐P‐K) , ( ２ ) herbicide and slashing and ( ３ ) seed addition ( two native species Bothriochloa decip iens( Pitted bluegrass) and Themeda australis ( Kangaroo grass) ) . From October ２００６ to April ２００８ , we are monitoring changes inplant community composition and abundance ( point intercept method) in response to these treatments .
Results Results from the first year of measurements ( October ２００６ to April ２００７ ) have shown that simply preventing grazingdoes not encourage the re‐establishment of native species [ Figure １ ( b) ] , but instead increases Lovegrass abundance particularlywhen fertiliser is applied [ Figure １( a) ] . The herbicide treatment was the most effective at reducing the abundance of Lovegrass[ Figure １ ( a ) ] and when grazing was prevented was also the most effective treatment at encouraging native species to re‐establish [ Figure １ ( b) ] . The slashing treatment was also effective at reducing Lovegrass abundance , but did not encouragenative species establishment . The seed addition treatment was not successful so the established native species emerged from theseed bank or dispersed into the plots naturally .

Figure 1 (a) and (b) : the relative change in abundance ( a) Lovegrass and (b) native species one grow ing season af ter the
graz ing , nutrients , herbicide and slashing treatments were established . ＋ n ＝ f ertiliser , － n ＝ no f ertiliser , ＋ g ＝ graz ing
permitted , － g＝ graz ing not permitted , control ＝ no treatment and bars indicate one standard er ror .

Discussion Several recent studies have proposed that invasion is facilitated by either disturbance or competition ( MacDougall andTurkington , ２００５ , Seabloom et al . , ２００３ ) . Our preliminary results ( although this may change after second yearmeasurements) suggest that the invasion of Lovegrass may be explained by both disturbance and competition . We found thatonly when the pressures of selective grazing were removed ( disturbance) and Lovegrass killed ( competition removed) , didnative plants re‐establish . The addition of nutrients to the soil did not favour native species , but instead favoured Lovegrassestablishment .
ReferencesSeabloom , E . W . , Harpole , W . S . , Reichman , O . J . and Tilman , D . , ( ２００３ ) . Invasion , competitive dominance , andresource use by exotic and native California grassland species . PNA S １００ , １３３８４‐１３３８９ .MacDougall , A . S . , Turkington , R . , ( ２００５ ) . Are Invasive species the divers or passengers of change in degradedecosystems ? Ecology ８６ , ４２‐５５ .
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Effects of 10 years of fire and climate variability on perennial grass cover in shortgrass steppe
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Introduction The objective of this study is to examine the effects of １０ years of fire and climate variability on perennial grasscover in shortgrass steppe . The research is part of a long‐term , １８‐year study examining effects of fire in the growing vs .dormant season at return intervals of ３ , ６ and ９ years . In general , the response of grasslands to fire seems to depend primarilyon pre‐and post‐fire levels of precipitation ( Ford , １９９９) . The southwestern United States has experienced drought ９ of the past
１０ years , with an extreme drought occurring in ２００２ .
Materials and methods The study site was located in semi‐arid shortgrass steppe in the southern Great Plains of northeasternNew Mexico , USA ( ３６°３１′２０″ N , １０３°３′３０″ W ) . The site has mostly native vegetation with Buchlo笨 dacty loides and
Bouteloua gracilis being the dominant plant cover . The majority of precipitation occurs from May through September , withpeak rainfall in July . Thirty‐year mean annual precipitation ( MAP) for the site was ３５６ mm . Total precipitation was slightlybelow average in １９９６ , the year prior to fire treatments , as well as for １９９７ , the first year fire was applied . Total precipitationin １９９８ was ５０ percent below MAP and drought conditions also existed in ２００３ , and was again below average in ２００６ ( Figure
１) . The experimental design was completely randomized , with ７ treatments replicated ５ times on ２‐ha plots/ treatment . Thetreatments discussed here are (１) D , dormant‐season fire applied April １９９７ and (２) U , unburned . Live perennial grass coverwas measured annually from １９９６‐２００６ .

Figure 1 Total annual p recip itation . Figure 2 Perennial grass cover .

Results D and U perennial grass cover ( percent) and total annual precipitation ( mm) were plotted over ５ sample periods ( pre‐treatment １９９７ , and post‐treatment １９９７ , １９９８ , ２００３ , ２００６ ) . There appeared to be a direct positive relationship betweenperennial grass cover and precipitation , and precipitation appeared to override fire effects ( Figure ２) .
Conclusions Though the MAP for the site was ３５６ mm , most actual total annual precipitation for the site over the １０‐yearperiod was generally lower than MAP , and in some cases as much as ５０ percent lower . For management purposes , thefrequency and severity of drought are more important than long‐term average climate conditions . Too often , land managers planfor average climate conditions , rather than the climatic extremes that can be expected ( Potter and Ford , ２００４) . Since this andother studies have indicated weather patterns can supersede fire effects in shortgrass steppe ( Ford and Johnson , ２００６) , the useof fire as a management tool in a drought year should be carefully considered and aligned with management goals ( Ford et al . ,
２００４) .
ReferencesFord , P . L . ( １９９９ ) . Response of buffalograss ( Buchloe dacty loides ) and blue grama ( Bouteloua gracilis ) to fire . Great

Plains Research ９ :２６１‐２７６ .Ford , P . L . , et al . ( ２００４ ) . Chapter ３ : Southwestern grassland ecology , pp .１８‐４８ . In : An Assessment of GrasslandEcosystem Conditions in the Southwest . USDA Forest Serv ice Gen . Tech . Rep . RMRS‐GTR‐１３５ .Ford , P . L . and G . V . Johnson . (２００６) . Effects of dormant‐vs growing season fire in shortgrass steppe : biological soil crustand perennial grass responses . Journal o f A rid Env ironments ６ :１‐１４ .Potter , D . U . and P . L . Ford . ( ２００４ ) . Chapter ７ : Grassland sustainability , pp .１３０‐１４１ .In : An Assessment of GrasslandEcosystem Conditions in the Southwest . USDA Forest Serv ice Gen . Tech . Rep . RMRS‐GTR‐１３５ .
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When an introduced pasture grass becomes a conservation threat : managing buffel grass in the
rangelands of Australia
M .H . Friedel
CS IRO Sustainable Ecosystems , PO Box 2111 , A lice Sp rings , Northern Territory 0871 , A ustralia , E‐mail :Margaret .
Friedel＠ csiro .au

Key words : Cenchrus ciliaris , production , biodiversity , hybridisation
Introduction Buffel grass ( Cenchrus ciliaris L .) is native to Africa , the Middle East through to India , and Indonesia . It hasbeen imported into other continents to improve production on grazing lands , and has established readily in many arid and semi‐arid environments . In some regions , extensive areas have been cleared of native woody vegetation to enhance its establishmentand productivity . Buffel grass was introduced accidentally to Australia in the １８７０s in the pack saddles of camels , and remaineda very minor component of rangeland vegetation for many decades . Once its grazing value was recognised ranchers encouragedits spread and , from the １９５０s , numerous varieties were imported and tested successfully . Productivity was such that ranchersand rural communities derived great financial benefit from it , particularly in semi‐arid Queensland where tree clearing andsowing buffel grass were economically viable . Buffel grass has also played an important role in rehabilitation of degraded
grazing lands ( Payne et al . , ２００４) .
Problem definition Tolerance of buffel grass for drought , fire and heavy‐grazing are major assets for the grazing industry butthese same attributes have had serious consequences for the biodiversity of Australia摧s rangelands . For example , buffel grassinvasion enhances fire (Butler and Fairfax , ２００３) and it has a negative impact on a diversity of taxa , not just those susceptibleto fire ( e .g . Franks , ２００２ ; Friedel et al . , ２００６) . It has the potential to invade over ６０％ of mainland Australia ( Lawson et
al . , ２００４) . Clearing to sow buffel grass has reduced the area of native vegetation in one bioregion of Queensland to only １２ .
７％ and remaining fragments are subject to invasion (Butler and Fairfax , ２００３ ) .
New cultivars continue to be developed which may be better adapted to clay soils or frost ( Hacker and Waite , ２００１ ; BenWilder , pers . comm . ２００７ ) and there is evidence of hybridisation in arid central Australia ( Friedel et al . , ２００６ ) .Consequently the potential for colonising new areas is increasing .
Management options On grazing lands , monospecific buffel grass pastures can be undesirable when quality declines during
periods of low rainfall . Some ranchers achieve a proportion in the order of ３０％ buffel grass and the remainder native foragespecies with carefully timed grazing . There are few prospects other than grazing for broad scale control of buffel grass in areaswhere it is not wanted . Burning is not an option because it thrives on fire . Biocontrol is indiscriminate , costly to develop andthere is no guarantee of success . Strategic grazing of invaded conservation parks is unlikely to succeed because ranchers willwant their livestock to be grazing their own buffel grass at a time when it will need grazing in conservation parks . Alternatively
parks will need to retain their own herds , which is unlikely to be socially or economically feasible . Combinations of herbicides ,fire , slash and hand removal are only practical in high‐value conservation areas , due to cost .
Seeking solutions There is little chance of an imminent solution for this contentious issue . It may be possible to reduce spread bycontrolling vectors and creating buffer zones but there is no guarantee these will work ( Rieks van Klinken , pers . comm .
２００７) . Limiting introduction of new cultivars is another option , although it cannot resolve the existing conservation dilemma .More biophysical research may identify further management options , but they all need to be examined carefully for their socialand economic acceptability , since these are the real drivers of management choice .
ReferencesButler , D .W . , Fairfax , R .J . , ( ２００３ ) . Buffel grass and fire in a gidgee and brigalow woodland : a case study from centralQueensland . Ecological Management and Restoration ４ , １２０‐１２５ .Franks , A .J . , (２００２) . The ecological consequences of buffel grass Cenchrus ciliaris establishment within remnant vegetationof Queensland . Paci f ic Conserv ation Biology ８ , ９９‐１０７ .Friedel , M . , Puckey , H . , O摧Malley , C . , Waycott , M . , Smyth , A . and Miller , G . , ２００６ . Buffel grass : both friend andfoe . An Evaluation of the Advantages and Disadvantages of Buffel Grass Use and Recommendations for Future Research .URL http :/ / www .desertknowledgecrc .com .au/ publications/ downloads/DKCRC‐Report‐１７‐Buffel‐Grass .pdf .Hacker , J .B . , Waite , R .B . , ( ２００１ ) . Selecting buffel grass ( Cenchrus ciliaris ) with improved spring yield in subtropicalAustralia . T rop ical G rasslands ３５ , ２０５‐２１０ .Lawson , B .E . , Bryant , M .J . and Franks , A .J . , ( ２００４ ) . Assessing the potential distribution of buffel grass ( Cenchrus

ciliaris L .) in Australia using a climate‐soil model . Plant Protection Quarterly １９ , １５５‐１６３ .Payne , A .L . , Watson , I .W . and Novelly , P .E . , ( ２００４ ) . Spectacular recovery in the Ord River catchment . Miscellaneous
Publication １７ /２００４ , Department of Agriculture , Perth , Western Australia .
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Is there a link between anthropogenic disturbance and the diversity and abundance of rodent flea
communities ?
Megan M . Friggens
School o f Forestry , Northern A rizona University , Flagsta f f , A Z , USA 86011 . E‐mail : mm f 38＠ nau .edu

Key words : Flea assemblages , rodents , vector‐borne disease , anthropogenic disturbance
Introduction Fleas are among the most common arthropod vectors of many of rodent borne diseases like plague ( Yersina
pestis ) . Human outbreaks of plague are commonly associated with the presence of peridomestic rodent species ( Perry andFeatherston , １９９７ ) . Anthropogenic disturbance with respect to both habitat use and climate change can affect diseaseemergence and prevalence through its impact on hosts and host‐parasite ( vector) ecology (Daszak et al . , ２００１) . Vector‐bornedisease transmission is often related to species diversity ( Keesing et al . , ２００６) . In addition , flea abundance and host spectrum( number of hosts infested) relate to the likelihood of flea‐mediated disease transmission , particularly with respect to plague( Krasnov et al . , ２００６) . Anthropogenic disturbance can influence rodent community diversity ( Tikhonova et al . , ２００６) , whichin turn can affect flea diversity ( Krasnov et al . , ２００４ ) , and may lead to decreased host specificity among flea parasites( Gettinger and Ernest , １９９５ ) . The goal of this paper is to examine the influence of anthropogenic disturbance on fleacommunities from a variety of habitats across the world . In particular , this analysis focuses on the effect of disturbance on fleadiversity and flea species abundance and specificity behaviors .
Methods Literature was compiled on studies conducted across the world that reported the entire flea assemblage fromcomprehensive rodent community surveys ( Friggens , ２００８ for comprehensive list ) . Basic criteria for inclusion in this analysiswere studies that demonstrated live capture trapping and active flea collection and provided habitat characterization and detaileddata for flea and rodent species . Studies sites were categorized according to three impact levels : ( １) High impact such as urbanor densely populated areas ; ( ２ ) Intermediate , which included rural villages , and crop and rangelands ; and , ( ３ ) Low impactsites characterized as remote or wild habitat . For each study / habitat type , rodent and flea diversity ( Shannon摧s H ) andabundance ( when available) , number of infested hosts and average flea burden per host species were calculated . Data wasanalyzed using t‐tests or linear regression in SigmaPlot ９ .０ .
Results Thirty seven studies were included in this analyses . These comprised １１ high impact , １６ intermediate , and １０ lowimpact sites . Desert , Grassland and Deciduous forest type habitats were represented in each impact category . Overall , rodentand flea diversity was lowest at high impact sites ( Figure １) . As rodent diversity increases , the average number of fleas/ hostdecreased . Flea diversity and number of host species infested was highest in habitats which experienced intermediate levels ofhabitat disturbance ( Figure ２) .

Figure 1 Rodent vs . Flea diversity ( Shannon摧s H )
f or habitats div ided according to 1 o f 3
disturbance levels ; 倡 P ＜ 0 .05 when compared to
high impact sites .

Figure 2 Flea in f estation parameters f or rodents
collected at 3 habitat ty pes categoriz ed according to
disturbance level ; 倡 P ＜ 0 .05 when compared to
high impact sites .

Conclusions T ransmission of zoonotic disease from wild reservoirs to humans most commonly occurs in rural environments .These sites provide the peridomestic rodent species essential to carrying disease from the wild reservoir hosts to commensalrodent living in proximity to humans . In addition , the results of this analysis suggest that the characteristics of flea assemblageswithin these communities appear to be conducive to plague transmission . Namely , flea diversity and host spectrum is greatest inareas that experience moderate amounts of disturbance .
Acknowledgements This research was funded by Paulette Ford ( US Forest Service Rocky Mountain Research Station ,Albuquerque , New Mexico , USA) .
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Morphological changes associated with forage quality in temperate pastures fertilized with
nitrogen in autumn
Gatti , M . L . , A . A yala Torales y G . A costa . Ftad . de A gronomí a , Universidad de Bs . A s . , Cátedra de Forraj icultura ,
A v . San Martí n 4453 , 1417 DSE , Cdad . Autónoma de Bs . A s . , Rep . A rgentina . E‐mail : mgatti＠ agro .uba .ar , Proj .
G005 .
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Introduction In the humid temperate region of South America , low temperatures of autumn and winter limits grasses grow th( Gastal et al . , １９９２) and the rate of soil organic nitrogen mineralization . In consequence , strategic nitrogen application at thistime is an effective tool to reduce the seasonal forage deficit . Grow th , morphology , anatomy and nutrient content are related inforage plants ( Lin et al . , ２００１ ) . Nitrogen effects on grow th dynamics and its short‐term impact on the sward structure andforage digestibility , change in agreement to species composition , evaluation dates ( Duru and Ducrocq , ２００２ ) and rest defoliationperiods considered . The aim of this study was to examine the modifications of some fractions of the herbage mass related to foragequality of annual and perennial grasses , occurring in the short term as a consequence of ５０ kgN/ ha applied in autumn .
Materials and methods The experiment was carried out in Gral . Las Heras , Buenos Aires province of Argentina ( ３４°５９′S and
５８°５０′W) in a ２‐year‐old pasture composed by Dactylis glomerata ( orchadgrass‐OR‐) and Bromus catharticus ( brome grass‐BG‐) . The treatments were two , N０ : ０ kg N / ha and N１ : ５０ kg N / ha applied in autumn , arranged in a complete random designwith ３ replicates ; the experimental units were paddocks of ４０ m × ２２０ m which randomly received the treatments . Data werecompared by a T test ( p ＜ ０ .０５ ) . The evaluation period took place between fertilization date , May １１ and the first grazingevent , June １ , ２０ days from fertilization date . Ten subsamples of the herbage mass were cut in each experimental unit ; theharvested material was separated into died and alive , the latter in lamina and sheaths and oven dried . The determination of acidfiber detergent ( AFD) was an indicator of forage digestibility .
Results and discussion Despite it was predicted a higher response of the annual grass , the short rest period from fertilization untildefoliation probably would not allow the expected response [ Figure １ ( a ) and ( b ) ] . The perennial grass didn摧t show asignificant response either .

Figure 1 (a) Lamina mass ( g/m2 ) and (b) Lamina/ sheath (g/ g) . Minuscule di f f erent letters indicate signi f icant di f f erences ( p ＜
0 .05) between treatments . Capital di f f erent letters indicate signi f icant di f f erences ( p ＜ 0 .05) between grasses .

The perennial OR showed a decreasing trend in lamina/ sheath ratios when it was fertilized ( N０ : ３ .１２ g / g ０ .４５ vs . N１ : ２畅０６g / g ０ .２２ , p ＝ ０ .１０６９) and a trend towards major AFD values compared with the annual BG when it was fertilized (BG : ２０ .５７
± ０ .５４ vs . OG : ２２ .５５ ± ０ .６２ , p ＝ ０ .０７ ) . This would indicate that during the evaluation period , when successive leavesappeared , they were longer and contained more structural material , especially in case of nitrogen fertilization ; also , AFDincrements may be associated with the presence of longest sheaths which elongation occurred rapidly ( Duru and Ducrocq ,
２００２ ) . OR reduction in the proportion of lamina ( p ＝ ０ .０１２) took place with aging when it is frequently observed a concomitantnutritional value reduction ( Lloveras and Churches , ２００１) .
Conclusions Attention must be paid about nitrogen fertilization decisions because of the occurrence of modifications such aslamina/ sheath ratios in the perennial grass , issue potentially associated with forage digestibility decrease and its quality .Besides , a trade off seems to exist between the duration of the rest period required to generate significant increases in herbagemass , specially of the annual grass .
ReferencesDuru M . y H . Ducrocq . ( ２００２ ) . A model of lamina digestibility of orchardgrass as influenced by nitrogen and fertilization .

Crop Science Vol . ４２ : ２１４‐２２３ .Lin C .H . , R .L . Mc Graw , M .F . George and H .E . Garrett . (２００１) . Nutritive quality and morphological development under partialshade of some forage species with agroforestry potencial . A gro f orestry systems ５３ : ２６９‐２８１ .LLoveras J . and I . Iglesias . (２００１) . Morphological development and forage quality changes in T rifolium incarnatum L . Grass
and Forage Science Vol . ５６ Issue ４ : ３９５‐４０４ .
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Botanical composition :a tool to evaluate rangeland condition trends under different management
conditions
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Introduction Subtropical humid rangelands in Argentina are composed mainly of tropical species . Botanical composition isvaried ; but C４ grasses are predominat and produce most of the dry matter . Other botanical families are important depending ofthe soil type and management applied . Uncontrolled fire and overstocking affect the rangeland condition . There is someinformation related to changes in botanical composition . The objective of the research was to evaluate changes in the botanicalcomposition of the rangeland under different burning frequencies and stoking rate .
Materials and methods The treatments applied were T０ : burning every ３ years no grazing ; T１ : burning every ２ years nograzing ; T２ : burning every １ year no grazing and T３ : burning every １ year and grazing of a stocking rate of ３ animals / ha .The botanical composition was evaluated on transects , １００ meters long , ５ transects in each treatment . Registers of range weremade on areas ５０ × ５０ cm ＝ ０ .２５ m２ and every １０ meters . Botanical Composition was evaluated with Dry Weight Rank Methods
(DWRM ) ( Mannetje & Haydock ; １９６３ ) and analysed using sof tware developed by INTA Corrientes Experimental Station .The botanical composition was analysed by ANOVA . The statistical design was completed at random design with fivereplications ( transects) and the test of Duncan ( α ＝ ０畅０５) was applied . The changes , in botanical composition , produced by thetreatments were described by cluster analysis .
Results The trial was conducted from September/１９９７ to March/２００６ , Figure １ shows the similarity between the treatmentsand Table １ the contribution of each family group .

Figure 1 Relation between treatments o f botanical f amilies .

Cluster analysis was used as a tool , which proved to be useful , to describe changes produced in botanical composition by thetreatments . T１ and T３ are closer and there is some difference between them and T２ . But they are quite different to T０ . Thechanges in botanical composition are similar under burning every ２ years no grazing and burning every １ year plus grazing . Thegreater frequency of burning produced more changes than the changes produced by adding grazing .
Table 1 Contribution ( ％ ) o f each f amily group .
T reatments Grass Legumes Grass like plants Other families
T０  ６８ s.４a ３ 抖.９ab ３ #.９a ２６ 父.９b
T１  ７２ s.０a ３ 抖.７ab ６ #.２bc ２１ 父.６a
T２  ７３ s.３a ４ 抖.９b ４ #.５ab ２１ 父.８a
T３  ７２ s.５a ３ 抖.３a ７ #.５c ２０ 父.６a

Conclusions Rangeland botanical composition was affected by treatments applied . T２ promoted the contribution of grass andlegumes . T３ and T０ promoted the contribution of grass‐like‐plants and other families . Means with the same letter are notsignificantly different ( α ＝ ０ .０５) .
ReferenceMannetje & Haydock (１９６３) . The dry‐Weight‐rank method for the botanical analysis of pasture , pp ２６８‐２７５ .
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The effect of aspect on persistence of several perennial grass species
B . H ackney , B . Dear , C . Rodham , G . Dyce , G .L i
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Introduction Areas of the high rainfall zone ( ＞ ６００mm , average annual rainfall zone , AAR ) of southern Australia havelandscapes with variable topography . Dacty lis glomerata , Phalaris aquatica , Lolium perenne and Festuca arundinacea are themain perennial grass species used in pasture of this region . Pasture establishment costs have been estimated at ＄ ２３０ / ha with aminimum of １２ years required to recoup costs ( Scott and Keys , ２００７ ) . Therefore it is important that pastures species chosenfor use are persistent . Varieties of D . glomerata , P . aquatica and F . arundinacea differ in their level of summer dormancyand this has been shown to affect persistence ( Hackney et al . , ２００６ ) . While New Zealand research ( Radcliffe , １９８２ ) hasshown significant differences in pasture production , and microclimate due to variation in topography , this area of research hasbeen overlooked in Australia . The aim of this study was to assess the persistence of D .glomerata , P .aquatica , F .arundinaceaand L .perenne cultivars on two aspects of a hill paddock .
Materials and methods The experimental site was located at Burraga ( １４９° ３４′S , ３４°５１′E) . On ３０th May ２００５ D . glomerata( cvv . Kasbah , Uplands , Currie and Porto ) , P . aquatica ( cvv . Atlas PG and Holdfast) , F . arundinacea ( cvv . AU Triumph ,Quantum MaxP , Resolute Max P and Fraydo ) and L . perenne ( cvv . Victorian and Camel) were sown into a prepared seedbed , plots ２m × ４m replicated three times on an east and west‐facing aspect . Chemically the soils were identical on bothaspects : pHCaCl

２ (０‐１０cm) of ５ .３ and at １０‐２０cm pH was ４ .２ with ２５％ exchangeable aluminium . Soil temperature at １０cm andsoil moisture ( １０cm and ３０cm ) were measured on each aspect . Long‐term AAR of the site was ７５０mm . Persistence wasmeasured on ２７th November ２００７ by counting plant bases present in a １m × １m quadrat .

　 Figure 1 A verage monthly soil temperature on
east and west aspects .

Results Soil temperature was higher ( Figure １ ) and soil moistureconsistently lower ( not shown) on the west compared to the east aspect .There were significant cultivar by aspect effects ( p ＝ ０ .００９) on persistenceof perennial grasses ( Figure ２ ) . Persistence of all species ( except D .
glomerata cvv . Kasbah and Uplands) was significantly higher on the eastcompared to the west aspect . The summer dormant ( SD ) D . glomeratacultivars Kasbah and Uplands were the most persistent on the west aspect ,with Uplands and the summer active ( SA ) cultivar Porto , the mostpersistent on the eastern aspect . Holdfast , a moderately SA P . aquaticacultivar persisted at higher densities than Atlas PG a SD cultivar , on bothaspects but its persistence was inferior to the most persistent D .
glomerata cultivars . All F . arundinacea cultivars except Fraydo were as
persistent as the best D . glomerata cultivars on the eastern aspect , butwere inferior on the western aspect . The SA cultivar AU Triumph wasmore persistent than the SD cultivars Resolute Max P and Fraydo on the

　 Figure 2 Density o f D . glomerata , P .aquatica , F .arundinacea and L . perenne ２ .５
on an east and west aspect .

wes tern aspect . Persis tence of L . perenne cultivars was lower on the eastand west aspect compared to the most persistent D . glomerata cultivars .
Conclusions Aspect and microclimate conditions had a significant impact on
persistence of perennial grass species sown . Therefore farmers mustconsider these factors along with soil conditions in choosing the mostappropriate species to grow in these landscapes . In some instances it may be
possible to target SD varieties to areas of the landscape with harshermicroclimates to improve persistence .
ReferencesHackney , B . , Dear , B . , Hayes , R . , ( ２００６ ) . Summer dormant grasses areproductive and persistent in the medium‐low rainfall region of NSW .

Proceedings １３th A ustralian A gronomy Conf erence .Scott , F . , Keys , M . , ( ２００７ ) . Maths before perennial pastures .Agriculture Today November edition , NSW Department Primary
Industries .Radcliffe , J . , １９８２ . Effect of aspect and topography on pasture production in hill country . New Zealand Journal o f
A gricultural Research ２５ , ４８５‐９６ .
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Influence of growing season rainfall amount and clipping intensity on aboveground net primary
productivity in leymus chinensis steppe
HE Feng , L I X ianglin , WA N L iqiang , J IA Y ax iong , H E Dan
Institute o f A nimal Science , CA A S , 2‐Yuan‐Ming‐Yuan West Rd . H aidian district Bei j ing 100094 P . R . China .
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Introduction Aboveground net primary productivity ( ANPP) is the foundation to assess structure and function of grasslandecosystem . The amount of rainfall is dominant climatic driver and clipping times ( or grazing intensity ) is important externalperturbation to the variability of ANPP in the leymus chinensis steppe of China , However there摧re many different opinions onthe relationship (Cai et al . , ２００５ ; Bai et al . , ２００４) . The objective of this study was to evaluate the adaptable clipping intensityunder potential changes in rainfall .
Materials and methods This study was conducted in the Ba Shang steppe of Hebei , China ( ４１°４５′N , １１５°３９′E) . The mainvegetation of productive , perennial rhizomes grass L .chinensis , perennial C４ grass Cleistogenes squarrosa and A rtemisia
eriopoda . Mean growing season ( may through September ) rainfall totals ２７５ mm , annual mean temperature is １ .４ ℃ . Theexperiment was implemented in ２００５ , there is ６ combined‐treatments including ３ rainfall gradient 倡 ２ clipping intensity , eachwith three replicates . Rainfall gradient including R１‐using the T ransparent Rainfall Manipulation Shelter ( Figure １ ) decreased
５０％ rainfall , R２‐ ambient , R３‐increased ５０％ rainfall each time rainfall event occurred , extra ５０％ percent water was appliedimmediately . Clipping gradient including C１‐clipping during ２０‐２５ august each year , C２‐clipping at the each beginning ofgrowing month ( Jun . to Sep .) each year . ANPP was estimated annually by accumulate each clipping aboveground biomassfrom two ０ .５ m２ samples per plots . Samples were sorted into dominant species ( L .chinensis , C . squarrosa and A . eriopoda)and others , dried at ６５ ℃ for at least ４８ h prior to weighing . statistical analyses using SPSS １３ .

Figure 1 T ransparent Rain f all Manipulation Shelter Note :(1) side shelter (made o f
transparent p lastic f ilm) , length 200cm ,w idth 30cm , keep angle 45°w ith brace ; (2)
above shelter (made o f polyv iny l chloride ( PVC) tube) , length 200cm , w idth 10cm ,
dep th 4 .8cm , distance 10cm , f ixed on removable woody shel f ; ( 3 ) there are 4
braces , one side two aboveground 70cm hight , the other side two high 65cm , f orm an
inclined p lane ; (4) side water guide tube (made o f PVC tube ) , f ixed on the two
brace which high 65cm , one point f ixed on 60cm p lace aboveground , one f ixed on
55cm p lace , f orm an inclined tube .

Results

Figure 2 V ariability o f A N PP and biomass o f L .chinensis ,C . squarrosa and A . eriopoda in ( a) rain f all gradient ,( b )
clip p ing gradient and (c) each years w ith rain f all patterns .

Conclusions ANPP of R１ significantly decreased due to direct effects of biomass of C . squarrosa and A . eriopoda , not L .
chinensis . The increased ANPP of C２ came from A . eriopoda . To compare with C . squarrosa and A . eriopoda , L .chinensiswas more important status for ecosystem摧s stability , however it is vulnerable when drought happens at the beginning of growingseason . Both the amount and patterns of growing season rainfall are important factor for ANPP .
ReferencesBai Y , Han X , Wu J et al . , (２００４) . Ecosystem stability and compensatory effects in the Inner Mongolia grassland . Nature

４３１ :１８１ － １８４ .Cai XC , Li ZQ , Chen ZZ et al . , ( ２００５ ) . The relationship between aboveground biomass and precipitation on Stipa grandissteppe in Inner Mongolia . A cta Ecologica Sinica ２５ :１６５７ － １６６２ .
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Impacts of long‐term phosphorus fertilization and addition of perennial legumes on a temperate
natural grassland : I . Changes in species biodiversity and stability
Martí n Jaurena , W alter A yala , José Terra , Raül Bermüdez , Ethel Barrios , and X imena L agomarsino
Instituto Nacional de Investigación A gropecuaria . Casilla de Correo 42 , T reinta y T res , Uruguay . E‐mail : m j aurena＠ tb .
inia .org .uy

Key words : species composition , P fertilization , grasslands , improved pastures
Introduction Grassland improvement with legumes and phosphate fertilizers enhances livestock productivity in Uruguaycompared with performance achieved in natural grasslands . The objective of this work was to evaluate long‐term impacts oflegume introduction and phosphorus fertilization on botanical composition and structure of a temperate grassland .
Materials and methods The experiment was established in １９９６ , in a Tipic Argiudol of Uruguay (３３°１４′５８″S , ５４° ２９′２４″W) , ina randomized complete block design with five replicates ( ２ ha each) . Three treatments were evaluated : a) Natural grasslandwithout legume introduction and fertilization ( NG０‐０ ) , improved oversown pasture ( IP) with ４ kg ha‐１ of T ri f olium repens and
８ kg ha‐１ of Lotus corniculatus and fertilized initially and annually with b) ４５ and ３０ kg ha‐１ of P２ O５ , respectively ( IP４５‐３０ ) , orfertilized with c) ９０ and ６０ kg ha‐１ of P２ O５ , respectively ( IP９０‐６０ ) . In ２００６ , botanical composition was evaluated by species
presence and canopy cover in １１ quadrats (５０ × ５０ cm) randomly distributed in each plot , adapting the botanal method ( Tothill
et al . , １９９２ ) . The census information richness and Shannon Weaver diversity index ( SW Index ) were calculated . An Fstatistic with P ≤ ０ .０５ ( Tukey test) was used to determine the significance of all analyses .
Results and discussion After １０ years , IP showed significantly lower species richness than NG０‐０ ( Table １) . The SW index wassignificantly lower in IP６０ than in NG０‐０ . Species frequency was significantly affected by legume introduction and fertilization . InIP , the perennial C４ species were replaced by annual grasses in winter and by Cynodon dacty lon in summer . A high frequencyand ground cover biomass of exotic species ( Lolium multi f lorum and Gaudinia f ragilis ) , the native ( Vulp ia australis ) andperennial invasive weeds ( Cynodon dacty lon ) were found in IP compared with NG０‐０ . There were no significant effects offertility levels within IP in any of the tested parameters . The new community is similar to Mediterranean grasslands with highvulnerability in conditions of drought stress . Changes are in agreement with the�fluctuating resources" theory (Davies et al . ,
２０００) , sustaining that community susceptibility to invasion increases when pulses of a limiting resource occur ( e .g . nitrogenand water) .
Table 1 Species richness ( SR / p lot) , SW Index and f requency o f exotic ( FE) and w inter annual species ( FW ) in natural
grasslands and imp roved pastures a f ter 10 years o f establishment .
T reatment SR/ plot SW Index FE ( ％ ) FW ( ％ )
NG０‐０ ６０ a １ 牋.６８ a ５ 亖.８ b ３ b.２ b
IP４５‐３０ ３５ b １ 牋.５１ ab ２６ *.５ a ２１ 媼.８ a
IP９０‐６０ ２９ b １ 牋.３６ b ３０ *.５ a ２４ 媼.４ a
Pvalue ０ 靠.００１ ０ 牋.０１２ ０ 亖.００４ ０ b.００１
Means followed by the same letter within a column are not significantly different ( P ≤ ０ .０５) .
Conclusions The results indicate the importance of developing strategies for managing IP to enhance production and maintain thediversity of natural grasslands .
ReferencesDavis , M .A . , Grime , J .P . , Thompson , K . ( ２０００ ) . Fluctuating resources in plant communities : a general theory ofinvasibility . Journal o f Ecology ８８ :５２８‐５３６ .Tothill , J .C . , Hargreaves , J . N .G . , Jones , R .M . ( １９９２ ) . BOTANAL — A comprehensive sampling and computingprocedure for estimating pasture yield and composition . I . Field sampling . CSIRO , Australian Division of T ropical Cropsand Pastures , T rop ical A gronomy Technical Memorandum ７８ .
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Effects of various cattle grazing regimes on vernal pool grassland diversity
J .T . Marty
The Nature Conservancy , 2015 J Street Suite 103 , Sacramento , CA 95814 . E‐mail :jmarty＠ tnc .org

Key words : biodiversity , vernal pools , California , seasonal grazing
Introduction Vernal pools are small seasonal wetlands with a unique flora and fauna that occur throughout grasslands inCalifornia , USA . These grasslands have been grazed by livestock for nearly two centuries and the plant community surroundingthe vernal pools is dominated by non‐native species ( Barbour et al . , １９９３ ) . These habitats are decreasing in extent due tohousing and commercial development . Government and non‐profit organizations are protecting what remains of this habitat andoften struggle to determine appropriate grazing regimens . The object of this study was to determine what level of grazingmaintains the highest level of biodiversity in vernal pool grassland systems .
Materials and methods This study was conducted on a ５ ,０００ ha parcel located in eastern Sacramento County , CA , USA ( ３８°３８′N , １２１°０２′W ; elevation , ７５ m) . The climate of this region is Mediterranean with average annual rainfall of ５６ cm occurringbetween the months of October and May . Less than ２ cm of rain falls during the summer months . Four grazing treatments wereapplied to randomly selected groups of vernal pools during the ２０００‐２００３ grazing seasons . The treatments were : １ ) fencedthroughout the grazing season ( ungrazed , UG) , ２) fenced during the wet season ( dry‐season grazed , DG) , ３ ) fenced duringthe dry season ( wet‐season grazed , WG) and ４ ) unfenced throughout the season ( continuous grazed , control , CG ) . Cattleexclosures ranged in size from ０ .３３‐０ .８０ ha . T reatments were stratified across two major geologic formations and werereplicated six times across the site . Plant diversity was measured using ３５cm × ７０cm permanent quadrats in each of three zones( pool , edge , upland) during the spring . Weekly measurements of vernal pool inundation were recorded .
Results Complete grazing removal for three years ( UG) reduced the diversity of native plant species occurring within the vernal
pools [ Figure １ ( a) ] . This effect was most noticeable on the pool edges but was also significant in the upland . The cover ofgrasses ( both native and non‐native) relative to the cover of forbs increased significantly over the three years in the ungrazedtreatments [ Figure １( b) ] . The average maximum inundation period in the control pools ( CG) was on average １１５ ( ± ９) days ,whereas ungrazed pools ( UG) were only inundated for an average of ６５ ( ± ８ ) days , dry‐grazed pools (DG) for ７８ ( ± ７) daysand wet‐grazed pools (WG) for ６５ ( ± ８ ) days ( P ＜ ０ .０００１ ) .

Figure 1 E f f ect o f f our levels o f graz ing af ter three years o f treatment on ( a) native species richness in three pool zones and
(b) the ratio o f grass to f orb cover across three years . n .s . , not signi f icant ; 倡倡 p ＜ 0 .01 , 倡倡倡 p ＜ 0畅001) .

Conclusions Cattle grazing at historic levels maintained higher native diversity in these vernal pool grasslands than any of theimposed grazing treatments . Complete removal of cattle grazing had the most negative impact on vernal pool systems reducingnative richness , increasing grass cover and reducing inundation period within the pools during the wet season . Cattle grazingappears to be an important disturbance for protecting native diversity and pool inundation in these heavily invaded systems .
ReferenceBarbour M . , Pavlik B . , Drysdale F . & Lindstrom S . ( １９９３ ) . California摧s changing landscape . Cali f ornia Native Plant

Society , Sacramento , CA .
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Effect of long‐term salt stress on antioxidative enzyme activities of NyPa Forage ( Distichlis
spicata var . yensen‐4a)and tall fescue( Festuca arundinacea Schreb)
Y ax iong Jia , X ianglin L i , L iqiang W an , and Feng He
Institute o f A nimal Sciences , Chinese A cademy o f A gricultural Sciences , Bei j ing , 100094 , China , E‐mail : yax iong j ＠
sina .com

Key words : salinization , ascorbate peroxidase , superoxide dismutase
Introduction Salinization plays a major role in soil degradation . It affects １９ .５％ of irrigated and ２ .１％ of dry agriculture landexisting on the globe , including ３８ .５ million ha that are salt‐affected to various degrees in China ( FAO , ２０００) . Na ＋ imposesboth ionic and osmotic stresses on plants , while the injurious osmotic effects and ionic toxicity lead to the generation ofoxidative stress ( Hernandez and Almansa , ２００２) . To escape from the toxicity of activated oxygen species ( AOS) , plants havedeveloped a complex antioxidative defense system , including antioxidant enzymes such as ascorbate peroxidase ( APX ) ,superoxide dismutase ( SOD) and catalase (CAT ) .
Materials and methods Two gramineous plants , NyPa Forage and tall fescue , were grown in plastic pots containing fine , white
quartz sand . A half strength Hoagland nutrient solution was added daily . Thirty days later , salinity treatments were conductedby adding nutrient solution with ２００ mM NaCl ( salt stress treatment ) or full‐strength nutrient solution ( control treatment ) .Samples were harvested at ０ , ５ ,１０ ,１５ ,２０ days af ter the start of the salt treatment .
Results The increased SOD activity in leaves was more conspicuous in NyPa Forage while its increase in roots was greater inTall Fescue . APX activity was much greater in leaves of NyPa Forage than in leaves of tall fescue ( Figure １ ) . Activity of CATin the leaf tissue of tall fescue , was not affected by salt stress throughout the experimental period .

Figure 1 Time course o f total A PX activ ity in leaves o f NyPa Forage and tall f escue .

Conclusion The present findings have suggested that NyPa Forage responded to NaCl stress by efficiently enhancing itsantioxidative capacity in both leaves and roots when compared to tall fescue , and the results showed that the antioxidativeenzyme activities of leaves and roots may not coordinate on the effect of salt stress . The antioxidative system in leaves wassensitive to salt stress , and may be an important biochemical trait for salt stress tolerance .
ReferencesFAO . (２０００ ) . Global network on integrated soil management for sustainable use of salt‐affected soils .http :/ / www .fao .org /ag /AGL / agll/ spush/ intro .htm .
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Temporal and spatial variation of arbuscular mycorrhizal fungi spores in seasonally salt stressed
grassland using Medicago sativa for reclamation in Hexi Corridor , China
L iang Jin , Chang W ang , Guoliang Chen , Y in Zhao , X iangwei Sun , X iao j uan W ang 倡

College o f Pastoral A griculture Science and Technology , L anz hou University , Gansu Grassland Ecological Research
Institute . P .O . Box 61 , L anz hou 730020 , China ( 倡 Correspondence author摧s E‐mail : x iao j uanwang＠ lz u .edu .cn)

Key words : arbuscular mycorrhizal fungi , depth , Medicago sativ a , salinity , season
Introduction Soil salinity is a problem of grave concern because it adversely affects grow th and development of plants , especiallyin arid and semi‐arid regions . Arbuscular mycorrhiza ( AM ) are ubiquitous symbionts between the fungus and host plant . Thisrelationship enhances plant grow th through increasing nutrient acquisition and carbon cycling , alleviating environmentalstresses , and increasing biomass production . The objective of this study was to investigate the seasonally salt stressed affectingAMF spores of taproot systems plants at the reclamation grassland .
Materials and methods This study was conducted in the Linze Ecological Research Area of Lanzhou University ( N３９°１５′ , E１００°
０２′) , located in Hexi Corridor , Northwest of China . Medicago sativ a was planted as test materials to reclamation seasonallysalt grassland in ２００１ , ２００２ , ２００３ and ２００４ , respectively . Rhizosphere soil samples were collected at four different depth as ０‐
２０ cm , ２０‐５０ cm , ５０‐１００ cm and １００‐２００ cm in April ( Shoot ) , May ( Grow th ) , June( Flower ) , and August ( Seed) in ２００５ .AMF spores were isolated by wet sieving followed by sucrose gradient centrifugation ( Daniels & Skipper , １９８２ ) . Data wereanalysed using Univariate Analysis of Variance with SPSS ( v１３ .０)
Results Our results showed that the phenological phase , soil depth , and planted years influence the AMF spores significant( Table １) . (１) The ０‐２０ cm layer soil has the highest numbers of AMF spores ( ９ .３９ ± ０ .２１ / g dry soil) , deeper rhizospheresoil reduced the richness of AMF spores . ( ２ ) The longer years that M . sativ a planted , the more AMF spores were existed .(３) To the phenological phase , the largest number of AMF spores was in June ( Flower) ( ４ .４１ ± ０ .２１ / g dry soil) , and thelowest was in May ( Grow th) (３ .２０ ± ０ .２１ / g dry soil) .
Table 1 Univ ariate analysis o f v ariance on the e f f ects o f grow th stage , dep th and p lant years on the numbers o f AMF
spores .
Source Sum of Squares df Mean Square F Sig
Grow th Stage ( S ) ６０ 梃.４５９ ３ 耨２０ L.１５３ ５ U.９８３ ０ 噰.００１
Depth( D) ３５３８ :.３２２ ３ 耨１１９４ 灋.１０７ ３５４ Ё.５２７ ＜ ０ 儋.００１
Planted Year ( Y ) １４５  .０８５ ３ 耨４８ L.３６２ １４ ~.３５８ ＜ ０ 儋.００１
S 倡 D １６９  .１１６ ９ 耨１８ L.７９１ ５ U.５７９ ＜ ０ 儋.００１
S 倡 Y ７３ 梃.５７９ ９ 耨８ #.１７５ ２ U.４２７ ０ 噰.０１２
D 倡 Y ２６５  .２２２ ９ 耨２９ L.４６９ ８ U.７４９ ＜ ０ 儋.００１
S 倡 D 倡 Y ２２７  .４４６ ２７  ８ #.４２４ ２ U.５０１ ＜ ０ 儋.００１
Error ８６２  .２５２ ２５６ C３ #.３６８

Discussion Mycorrhzal symbiosis is a key compent in helping plants cope with adverse environmental condition . In this study ,results showed that AMF spores could be used as an indicator to evaluate the degraded ecosystem , and M . sativ a is a potentialmaterials to reclamation saline soil .
Acknowledgements This study was funded by National Basic Research Program of China ( ２００７CB１０８９０２ ) and Natural Scienceand Technology Program of Lanzhou University (５８２４０２ , ５８２４０３) .
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The effect of environmental factors on plant species diversity and productivity
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Introduction The analysis of species‐environment relationships is a central issue in plant ecology ( Antoine , ２０００) . Productivityis an important index for studying ecosystem function and determining conservation measures . Many studies have focused onthe impact of environmental factors on plant species distribution and composition ( Campagne ２００６) . In this paper , we discussthe effects of environmental factors on grassland productivity , species diversity and species diversity‐productivity relationshipsusing plant and environmental data from alpine grasslands .
Materials and methods Bayinbuluk grassland is a typical alpine cold grassland ( ８２°２７′‐８６°１７′ E ,４２°１８′‐４３°３４′ N ) on thesouthern slope of the Tianshan mountain region , Xinjiang Province , China . In ２００６ , nine sites ( １０ m × １０ m) were selectedfrom typical vegetation types at １００ m vertical intervals along an elevation gradient . At each site , seven １m × １m quadrats weresampled for grass species in late July . Grass species frequency , height and cover were recorded . Aboveground biomass in each
１ m２ plot was clipped , sun‐dried and weighed . Three soil samples were collected at each site . Soils were analyzed for organicmatter , pH , soluble calcium , soluble bicarbonate , and water content . HOBO Pro RH / TEMP Data Loggers installed at eachsite recorded air relative humidity and temperature during the growing season . Soil compaction was measured with a soilcompaction meter .
Results Thirty‐five indigenous species in ２９ genera and １５ families were identified . Values of the Shannon‐Weiner index variedfrom ２ .０２ to ２ .４０ . Species richness was negatively related to pH (‐０ .８０５ ) , Ca＋ ２ (‐０ .８１ ) , soil compaction (‐０ .７５５ ) , airtemperature (‐０ .７４２) , total salinity (‐０ .７３３) , and HCO３‐２ (‐０ .７３ ) and was positively related to relative humidity (０ .７７) andsoil water content (０ .６７１ ) . Aboveground biomass were negatively related to pH (‐０ .６９９) , Ca＋ ２ (‐０ .７９４) , and soil compaction(‐０ .７３９ ) and positively related to relative humidity ( ０ .７５４ ) . A positive relationship was found ( R２

＝ ０ .１８４７ , P ＜ ０ .００１ )between species richness and productivity across the ６３ plots . CCA ordination showed that the first axis ( Eigenvalue ＝ ０ .７０４ )accounted for ６６ .４％ of the variation in environmental factors . Correlation between the first axis and species‐environmentalvariables was ０ .９９３ . The second axis ( Eigenvalue ＝ ０ .３４９ ) explained ２１ .９％ of the variation . Axis １ was correlated to airtemperature , relative humidity , HCO３‐２ , total salinity , pH , and Ca＋ ２ .
Conclusions Mittelbach(２００１) found hump‐shaped and positive species richness‐productivity relationships at continental scales .Our results are consistent with the positive relationships . The study scale and environmental heterogeneity may effect thespecies richness‐productivity relationships . Ca ＋ ２ , pH , soil compaction and relative humidity impacted species richness and
productivity in Bayinbuluk grasslands . The results of CCA ordination showed there are high correlations between axis １ and airtemperature , relative humidity , HCO３‐２ , total salinity , pH value , and Ca ＋ ２ .
ReferencesAntoine , G . , Niklaus , E .Z . , (２０００) . Predictive habitat distribution models in ecology . Ecol . Modeling １３５ :１４７‐１８６ .Campagne , P . , Roche , P . , Tatoni , T . , ( ２００６ ) . Factors explaining shrub species distribution in hedgerows of a mountainlandscape . A griculture Ecosystems & Env ironment １１６ :２４４‐２５０ .Mittelbach , G .G . , Steiner , C .F . , Scheiner , S . M . , et al . , ( ２００１ ) . What is the observed relationship between speciesrichness and productivity ? Ecology ８２ :２３８１‐２３９６ .
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Contribution of lucerne and red clover to succeeding cereal crops yield
差ydr痹e K ad碧iulien痹e , Zenonas Dabkev ǐcius , L ina 搽arūnait痹e , Leonas K ad碧iulis
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Key words : lucerne , red clover , spring wheat
Introduction Nowadays , under the conditions of sustainable or organic farming it becomes very important to use legumes .Introduction of ley / arable rotations could be an effective tool for a significant further reduction of the use of ex ternal N‐inputand an increase of the N use efficiency ( Nevens et al . , ２００４ ) . Species of legumes , management of the preceding sward thusgreatly influences the yield of the succeeding crop ( H宝gh‐Jensen and Schjoering , １９９６ ; Kad碧iulis , ２００１ ) . The aim of thestudies was to assess the contribution of two year age red clover and lucerne swards on spring wheat yield .
Materials and methods During ２００３ — ２００６ a randomized block design field trials were carried out on a loamy Endocalcari‐
Ep ihypogley ic Cambisol near Dotnuva , Lithuania (５５°２４′N , ２３°５０′E) . Soil pH varied from ６畅５ to ７畅０ , humus content was
２畅５％ ‐４畅０％ , available P ５０‐８０ mg and K １００‐１５０ mg kg‐１ . Legume/ grass mixtures were sown with and without a cover cropof barley ( Hordeum vulgare L .) or peas ( Pisum sativ a L .) for whole crop or of barley for grain . Red clover ( T ri f olium
p ratense L .) and lucerne ( Medicago sativ a L .) were sown in mixtures with perennial ryegrass ( Lolium perenne L .) . Barleyand peas as whole crops were harvested at the wax and grain greasy stage , respectively , and for one treatment‐barley for grain‐at complete ripeness stage . The yields of swards were taken‐off at flowering stage of the legumes . The swards were cut twicein the first year and three times in second year . The legume/ grass swards in autumn of ２nd year were ploughed‐in and succedingcrop spring wheat ( T riticum aestivum L .) for grain was sown in spring . Wheat was harvested at complete ripeness stage . During
years of experiments climatic conditions differed : ２００３ was dry , ２００４ and ２００５ were normal , and ２００６ very dry and warm .
Results and discussion Lucerne/ ryegrass swards were more sensitive to the competitive cover crop than red clover / ryegrassswards , yield formation rate was significantly higher of the swards that grew without a competitive plant , except for drier years
( Table １) . Yield formation rate and size of the red clover / ryegrass swards sown without a cover crop were to counterbalancethe benefit provided by a cover crop , although in wetter years the total yield practically did not differ when grown with andwithout a cover crop . The effect of red clover/ rygrass and lucerne/ ryegrass swards on the yield of succeeding crop spring wheatand on nitrogen accumulation in grain significantly differed in wetter year due to the sward composition and did not differ due todifferent combinations of cover crop . In drier years the effect of sward composition on cereal yield was weak .
Table 1 The y ield o f di f f erent legume/ grass sw ards and their impact on succeeding sp ring wheat grain yield .
Swards ＋ cover crop Yields f rom Experiment １ , kg ha － １ Yields f rom Experiment ２ , kg ha － １

a) ２００３ a) ２００４ Sb) ２００５ 热c) ２００５ Aa) ２００４ 破a) ２００５ Bb) ２００６ 贩c) ２００６ c
R . clover , p . ryeg rass ２８６７ {７８９７ N２９７７ "５７ ＃.５ ６７６１ 缮１０３３４ 排２２７４ o４４ 耨.４
R . clover , p . ryeg rass ＋ Bgr ５４６１ {７４８６ N３０９２ "５９ ＃.７ ５２３７ 缮９５３０ 湝２３４２ o５９ 耨.５
R . clover , p .ryeg rass ＋ Bwc ６０００ {７７２２ N３１９８ "６１ ＃.７ ６３８７ 缮１０８８７ 排２１２１ o５２ 耨.８
R . clover , p .ryeg rass ＋ Pwc ４７９０ {７４９８ N３２７３ "６３ ＃.２ ６７３５ 缮１０３８８ 排２１２８ o５４ 耨.３
Lucerne , p . ryeg rass ４０４５ {１２０５６ w３８５３ "７７ ＃.４ ６８８３ 缮９８０３ 湝２１８３ o５７ 耨.４
Lucerne , p . ryeg rass ＋ Bwc ４７１５ {１０１９３ w３７８０ "７６ ＃.０ ３９９３ 缮７８４８ 湝１８６６ o４８ 耨.３
Lucerne , p . ryeg rass ＋ Pwc ５３２９ {１１８０５ w３８１０ "７６ ＃.２ ４９３８ 缮８８１０ 湝２０２２ o５２ ,０ C
Perennial ryegrass ２０２５ {３６０７ N２０９２ "４０ ＃.２ ５８２６ 缮４２０７ 湝１７７６ o４１ 耨.７
LSD０５ ８５７ R.７ ７６６ %.０ ２１１ �.９ ４ z.１２ ６０５ 牋.９ ７７１ s.０ １８５ F.４ ４ 热.４６
Bgr barley for grain , Bwc‐barley for whole crop , Pwc‐peas for whole crop , a) DM of swards , b) grain yield , c) N in grain
Conclusions The two years摧 total yield of swards and its formation rate differed due to legume species , different competitive
plant and climatic conditions . The effect of legume species on the yield of succeeding spring wheat and nitrogen in grain yielddependet more on the climatic conditions than on other factors .
ReferencesH宝gh‐Jensen , H . , Schjoering , J .K . , (１９９６) . Residual nitrogen effect of clover‐ryegrass sward on a subsequent cereal crop asstudied by １５N methodology and mathematical modelling . Publications o f the Institute f or Biodynamic Research , ８ ,５２‐６３ .Kad碧iulis , L . ,(２００１) . Increasing the share of legumes in a crop rotation by alternated growing of clover species and lucerne .

Grassland Science in Europe , ６ , ５１‐５４ .Nevens , F . , Bombele , L .M , Reheul , R . , Verbruggen , I . , De Cauwer , B . , (２００４) . Reducing fertiliser N use by applicationof ley‐arable rotations . Grassland Science in Europe , ９ , ５３２‐５３４ .
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Stability , recovery and resilience in piosphere systems in the Kruger National Park
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Key words : grazing gradients , ecological thresholds
Introduction The study aimed to resurvey herbivore utilisation gradients around artificial waterholes ( piospheres) described inan earlier study ( Thrash １９９３ ) against a backdrop of waterhole closure and biodiversity management in the Kruger NationalPark ( KNP) , to contribute to an understanding of factors governing recovery and resilience in protected areas . Key issuesaddressed include the response of the plant community and soil parameters to a relaxation of herbivore utilisation pressure atclosed waterholes and changes in the same parameters at sites which have remained open . These ecosystem properties wereconsidered in relation to structural and functional ecosystem thresholds (Briske et al . ２００６)
Materials and methods Belt transects were laid out at eleven waterholes in the KNP . T ransects extended from the waterhole to
５ km from the waterhole , and within that , herbaceous basal cover and species composition were sampled along four paralleltransects , using a nearest‐plant method . Compressed vegetation height , infiltration and soil compaction were similarlysampled . Soil samples taken at intervals along the distance‐from‐water gradients were analysed for total nitrogen and
phosphorus , organic matter , pH and soil texture .
Results and discussion Basal cover increased significantly ( p ≤ ０ .０５ ) from １９９０ to ２００６ at all study sites and in all piospherezones . There were no significant differences in basal cover between open and closed sites . Changes in basal cover were mostclosely related to high relative annual rainfall in ２００６ compared to １９９０ . Herbaceous species composition changed significantly( p ≤ ０ .０５) f rom １９９０ to ２００６ , but with no significant differences in the amount of change between open and closed sites . No
general piosphere patterns emerged in ２００６ , in contrast to １９９０ . Soil analyses ( N , P , pH , organic matter , texture) and fieldmeasurements ( infiltration , compaction ) revealed no systematic piosphere patterns , although large increases in infiltrationbetween １９９０ and ２００６ occurred , independently of waterhole closure . Herbaceous basal cover and compositional changesindicated that the system had crossed a structural threshold , but the lack of significant soil patterns points to this beingreversible , as no functional thresholds were approached . Piosphere recovery appears driven largely by climatic factors ratherthan waterhole closure per se , w ithin the time period under examination .
Conclusions Waterhole closure does not contribute significantly to recovery rates in piospheres in the KNP — this appears largelydriven by variation in climatic factors . However , changes to the herbaceous composition/ basal cover do indicate that astructural ecosystem threshold has been crossed , and ongoing monitoring is required to assess the likelihood of functionalthresholds being crossed in the future .
ReferencesBriske , D . D . , Fuhlendorf , S . D . , Smeins , F . E . ,(２００６) . A unified framework for assessment and application of ecologicalthresholds . Rangeland Ecology & Management , ５９ (３) , ２２５‐２３６ .Thrash , I . ,( １９９３ ) . Implications of providing water for indigenous large herbivores in the T ransvaal Lowveld . PhD thesis ,University of Pretoria , South Africa .
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Impacts of grazing , wildfire and drought on rodent populations in a semi‐arid grassland of
southwestern north America
L .J . K ennedy 1 , Z .F . Jones2 , C .E . Bock3 , and J .H . Bock 3 , 1 A p p leton‐Whittell Research Ranch , A udubon , H .C . 1 Box
44 , Elgin , A Z . 2 Biology Dep t . , Station 33 , Eastern New Mex ico University , Portales , NM 88130 , 3 EEB , University o f
Colorado , Boulder , CO 80309 . E‐mail : lkennedy＠ audubon .org
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Introduction Rodents are ecologically important vertebrates in semi‐arid grasslands of North America , both for their effects on
plant community structure and because they support a wide range of predators . Previous work has indicated the importance ofboth livestock grazing and wildfire to southwestern U .S . rodent populations , but little is known about their possible combinedeffects . A ２００２ wildfire burned both grazed and ungrazed grasslands in southeastern Arizona where rodent populations werebeing monitored , providing an opportunity to compare rodent responses to the interactive as well as independent effects of
grazing and fire .
Materials and methods The Appleton‐Whittell Research Ranch is a sanctuary and research facility managed by the NationalAudubon Society , in the Sonoita Plain , Santa Cruz County , Arizona , USA . Ungrazed by domestic livestock since １９６８ , the
�Madrean Mixed‐grass Prairies" (Bock & Bock , ２０００ ) , of the Research Ranch are surrounded by operational cattle ranches ,providing opportunity for cross‐fence comparisons (Bock et al . , １９８４ ; Jones et al . , ２００３ ) . The Ryan Wildfire of April ２００２encompassed nearly １５ ,０００ hectares of semi‐arid grassland , including parts of the Research Ranch and surrounding cattleranches . Widespread drought has impacted the region since １９９９ , partially alleviated by above average monsoon precipitation in
２００６ and ２００７ . Post‐fire changes in rodent populations were evaluated by live‐trapping (６０ traps per site) on six grazed and sixungrazed sites during the summers of ２００２ through ２００７ , and the results were compared to earlier studies on the ResearchRanch (Bock et al . , １９８４ ; Jones et al . , ２００３) .
Results and discussions Prior to the wildfire of ２００２ , rodent communities on the Research Ranch were dominated by members ofthe Muridae family ( i .e . deer mice , cotton rats ) . Representatives of the Heteromyidae family ( pocket mice) were relativelycommon on the cattle ranches , where vegetation cover was reduced . Af ter the Ryan Fire , when all cover was reduced ,Heteromyidae dominated all trap sites . Through ２００５ , the murid rodents had not re‐appeared in significant numbers on grazedor ungrazed sites . By ２００７ , composition of rodent populations was similar to conditions prior to the wildfire .
Conclusions The size and completeness of the Ryan Fire , such that there were no nearby refugia from which the grass‐lovingrodents might re‐colonize , and the drought conditions that slowed re‐establishment of the more dense vegetation habitat
preferred by the murid species may have contributed to the lag in re‐establishment of pre‐wildfire population densities andproportions .
ReferencesBock , C .E . , J .H . Bock , ( ２０００ ) . The view from Bald Hill : Thirty years in an Arizona grassland . University of CaliforniaPress , Berkeley .Bock , C .E . , J .H . Bock , W .R . Kenney & V .M . Haw thorne , ( １９８４ ) . Response of birds , rodents , and vegetation tolivestock exclosure in a semidesert grassland site . J . Range Manage . , ３７ , ２３９‐２４２ .Jones , Z .F . , C .E . Bock , J .H . Bock , (２００３ ) . Rodent communities in a grazed and ungrazed Arizona grassland , and a modelof habitat relationships among rodents in southwestern grass/ shrublands . Am . Midl . Nat . １４９ , ３８４‐３９４ .



瞯 ]90　　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

The Acacia Operation Project : a pilot activity for combating desertification and improving the
livelihood of pastoralist in the arid rangelands of Kenya
G .A . Keya1 , M .Muga2 , and B . Chikamai2
1 K enya A gricultural Research Institute ( KA RI ) , P .O Box 57811‐00200 , Nairobi , K enya , 2 K enya Forestry Research
Institute ( K EFRI) , P .O Box 20412 , Nairobi , K enya , E‐mail : gakeya＠ kari .org or az engakeya＠ yahoo .com
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Introduction The Acacia Operation Project ( AOP) was a pilot project supporting food security and rural development of gumsand resins in the African Sahelian countries of Burkina Faso , Chad , Kenya , Niger , Senegal and Sudan ( AOP document ,
２００３) . It was a preparatory phase of a １０‐year programme in the framework of the Network for Natural Gums and Resins inAfrica . The overall objective was to contribute to sustainable development and food security and to combat desertificationthrough the promotion and integration of gums and resins in rural economies . In Kenya , the project was piloted in the Samburuand Marsabit Districts from ２００４‐２００６ . The specific aim was to rehabilitate degraded land by planting A cacia senegal usingnovel water harvesting technologies and improving livelihoods through promotion of gum and resin production . This paperreports on outcomes , challenges and lessons learnt and implications for long term programme engagement in Kenya .
Materials and methods Initial work started in ２００４ with meetings and participatory rural appraisals ( PRAs ) to sensitize andmobilize stakeholders about the project and the need to improve natural resources utilization . Local Project ManagementCommittees ( PMCs) were set up to assist and manage the project . Thereafter establishment of micro‐basins and planting of thebasins with A cacia senegal trees and drought tolerant crops commenced . Other activities included range‐wide collection ofgermplasm for planting , capacity building for community groups , biophysical characterization of the soils in the sites ,protection of planted sites , monitoring performance and survival of seedlings , training on utilization of drought tolerant crops ,and evaluation of alternative livelihood systems . Educational tours were also conducted for the PMCs to facilitate technologytransfer .
Results and discussion Sensitization meetings encouraged all stakeholders to embrace the project . As a result , the communitydonated land for project activities . A total of ２０ sites totalling ２８５ ha with ５４ ,０００ micro‐basins were ploughed and planted withvarious dryland trees and crops , depending on the site . A total of １２０８ individuals were trained on various subjects includingtree propagation techniques , seed collection , and crop and tree production . Crop performance was dismal except in Sereolipiwhere performance for beans , cowpeas , green grams and watermelon was very good in the short rainy season of ２００４ and inLaisamis where cowpeas and sorghum did well during the long rainy season in ２００５ . In all other sites there was complete cropfailure exacerbated by the ２００５‐２００６ drought . A cacia senegal performance varied according to site with better germination andgrow th on rocky and sandy sites . Drought resulted in high seedling mortality in all sites , necessitating replanting . Livestockand wildlife interference meant that the plots had to be protected , which increased costs .
Conclusions Results showed that A . senegal can be successfully established in the region . However , biophysicalcharacterisation is essential to provide a guide to the suitability of sites for gum‐producing trees . Due to climatic uncertainties ,project duration should be longer , say １０ years . Although crop production was limited by low rainfall , cowpeas , millet andgreen grams were promising in years of normal rain . More trials must be completed to provide recommendations on integrationof crops into the A . senegal areas . Wildlife menace and soil salinity are also important challenges facing farmers in these areas .Cultural bias towards livestock is a major challenge in mobilising the community towards plantation agro‐silvopastoralism . Sinceeconomic benefits from A . senegal are realisable after about ５ years when gum production starts , motivation for localparticipation can be guaranteed if support is given to the community to exploit existing natural plantations by linking them tomarkets and providing credit to producer associations . Similarly income‐generating activities should be promoted andsupported .
ReferenceAcacia Operation (２００３) . Support to food security , poverty alleviation and soil degradation in the gums and resins producercountries . Pro ject Document GTFS /RA F/３８７ / ITA . T rust Fund for Food Security and Safety , FAO .
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Studi s on the autecology of Astragalus caragana F . et M in the Esfahan Province of Ira
M . K hodagholi , M . Esmaili Shari f , A . Ghaedi , M . Borhand , and M .T . Feyz e
Es f ahan A griculture and Natural Resources Center , Es f ahan , I ran . E‐mail : M ＿ khodagholi＠ yahoo .com
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Introduction The genus A stragalus is generally considered the largest plant genus of Iran with more than ８００ species ( Lock andSimpson , １９９１ ) . A stragalus caragana F . et M . is the most important species of this genus . A stragalus caragana isdistributed in semi steppic regions of Esfahan province . This paper presents the autecology and grazing value of A stragalus
caragana in Esfahan province .
Materials and methods The study area is located in the semi steppic region of Esfahan Province in central Iran . The method ofresearch was a standard reconnaissance method including collection of botanical , pedological , phenological , and climatologicaldata as well as examining grazing preference values for the species and developing distribution maps .
Results and discussion The results indicated that the species is distributed over ５６８ ,４００ ha of the western foothills of theProvince at elevations between １９７８ and ３３２０ m with ３００ to ７５０ mm precipitation and ７００ to １３００ mm evapotranspiration . Itoccurs on sandy to sandy loam soils with pH between ７ .３ and ７ .８３ and salinity between ０畅０５４ and ０畅２２ dsm‐１ . A stragalus
caragana covers about ３ .８％ of the ground in A stragalus spp . , A gropy ron spp . , A rtemisia aucheri , Cousinia cy lindlucea ,
Scariola orientalis , Euphorbia spp ., Ferula ov ina , and Bromus tomentellus types . Phenological studies indicated that thevegetative grow th begins in March when the average temperature is above ０ ℃ and the minimum temperature for ３ days is above
‐２ ℃ . The best time for grazing is from ２０ May to ５ Jun according to phenological studies . Due to its aromatic and phenoliccomponents , it receives little use early in the season , but it is intensively grazed in mid season .
A stragalus caragana spreads via sexual and vegetative e propagation but most commonly spread occurs through development ofrhizomes due to pests . This results in a clumped distribution of the species . Weight of １０００ seeds is about ２０ .５ g with ２１ .５％germination and with ５８％ scarification ( does this mean hard seeds that must be scarified ?) . Interseeding in pitting are the bestways of revegetating the species . Seeds must planted ２ .５ cm deep , and germination of ８２％ can be expected .
ReferencesEbrahimzadeh , H . , V . Niknam , and A .A . Maassoumi , (２００１) . The sterols of A stragalus species from Iran : GLC separationand quantification . Biochemical Systematics and Ecology ２９ :３９３‐４０４ .Khodagholi , M . , ( ２００４ ) . Evaluation of ecological regions of Iran : Plant types of Semirom region . Ranges and Forests

Research Institute , No . ３４３ .
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Fire and vegetation change in coastal grasslands , South Africa
K .P . K irkman and B .P .A . Dalton
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Introduction Successional progression from grassland dominated to tree dominated vegetation is common in both arid and humidareas . Factors influencing the successional processes vary depending on environmental conditions , with fire playing anincreasingly important role with increasing rainfall . The influences of fire on these successional processes were investigated inthe iSimangaliso Wetland Park ( IWP) , located on the east coast of South Africa . This area experiences annual summer rainfallin excess of １０００ mm , with a mean maximum temperature in January of ２５０C and frost free winters with a mean maximum of
１８

０C in July . Land use ( and associated fire regime) in the area has changed in recent decades from rural shif ting agriculture tocommercial forestry plantations ( during the １９５０s ) , conservation areas or wilderness areas . Fire and groundwater have beenrecognized as the main determinants of the coastal grasslands where regular inundation encourages a sedge rich hygrophilousgrassland and above this , exclusion of fire results in succession through to forest scrub savanna and Dune Forest ( Taylor ２００３ ;Weisser & Marques １９７９ ; Weisser & Muller １９８３ ) . Where large areas have been afforested with Pinus elliottii , the use offire in the surrounding grasslands was prohibited . In the wilderness area , active management has been kept to a minimum , andfires , whether natural or anthropogenic , have not been extinguished . This resulted in regular and extensive fires in thewilderness areas .
Materials and methods Aerial photography from １９３７ , １９７５ , and ２０００ was georectified , digitized , and analyzed using a GIS toexamine broad vegetation changes in the natural vegetation adjacent to the plantations ( zero to low fire frequency ) and in thewilderness area ( high fire frequency ) . Sites of comparable size and catenal position were located in each area . Vegetationchanges , and the direction of change , were quantified on these sites . Vegetation was classified as grassland , scattered trees ordune forest .
Results and discussion In the low fire frequency areas adjacent to plantations , grassland and scattered trees decreased in extentfrom approximately ２６６ ha (３９％ ) and ２４９ ha (３６％ ) in １９３７ to ６１ ha (９％ ) and ８０ ha (１１％ ) in ２０００ respectively , whereasDune Forest increased from １１１ ha (１６％ ) in １９３７ to ５０３ ha (７３％ ) in ２０００ . Dune Forest and Scattered T rees increased at theexpense of grassland up to １９７５ , af ter which Dune Forest increased at the expense of Scattered T rees . In the high firefrequency area , grassland was the dominant vegetation category in １９３７ , however this category decreased in extent fromapproximately １６１５ ha (５５％ ) to ９７０ ha (３３％ ) in ２０００ . Dune Forest and Scattered T rees increased consistently from ７３２ ha
(２５％ ) and ５３７ ha ( １８％ ) in １９３７ to ９８１ ha ( ３３％ ) and ９９７ ha ( ３３％ ) in ２０００ respectively . Compared with the low firefrequency area where Dune Forest increased to dominate ６０％ of the vegetation these increases within the high fire frequencyarea are minimal . In the low fire frequency area Scattered T rees increased and then decreased with a change through to DuneForest and Grassland decreased drastically . Within the high fire frequency area this change was not as drastic or as large . Thisdifference still indicates a natural progression of these coastal grasslands to a woody dominated vegetation type but in the
presence of regular disturbance , largely by fire , this progression is inhibited .
Conclusions The exclusion of fire from these coastal grasslands has a significant impact on the structure and composition of thevegetation , resulting in a complete transformation of the higher lying areas into a predominantly closed canopy dune forest .This transformation varied depending on proximity to higher lying areas and orientation within the catena where west facingsites showed the greatest degree of change . Lower lying sections tended towards scattered trees or a savanna‐like vegetationtype before ultimately progressing to Dune Forest . This implies that fire can be successfully applied or excluded as amanagement tool to manipulate vegetation composition and structure .
ReferencesTaylor RH ２００３ . Management of the grasslands of the coastal sections of the Greater St . Lucia Wetland Park . GrasslandWorkshop . Ezemvelo K ZN W ildli f e GSLW P , St . Lucia , pp . １‐１３ .Weisser PJ & Marques F １９７９ . Gross vegetation changes in the dune area between Richards Bay and the Umfolozi River .
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Experimental increases in diversity and evenness improve productivity and reduce weed invasion
in grassland swards over three years across 12 European sites
L K irw an1 ,2 , C Brophy 3 , RP Collins 4 , J Connolly 3 , JA Finn1 , A Helgadottir 5 , A Lüscher 6 , C Porqeuddu7 , MTSebastià 8
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Introduction Increased emphasis on the multifunctionality of European agriculture has called for a re‐investigation of the use ofmixtures in productive grasslands . Ecological research suggests that increased species diversity in species‐poor intensivegrassland systems may potentially provide multiple benefits . We present results from the COST ８５２ multisite AgrodiversityGrassland Experiment , where we test a number of basic questions in agronomic diversity‐function research . It was hypothesisedthat (１) mix tures can outperform monocultures both in terms of productivity and weed suppression ( ２ ) the diversity benefitswill be persistent through time (３ ) the diversity benefits will be consistent across a wide geographical scale .
Materials and methods A common experiment was established at ３５ sites across Europe and Canada . At all sites , mixturesconsisted of two legumes and two grasses . Using a simplex design ( Cornell , ２００２ ) , １５ experimental communities were sownwith varying levels of evenness and the design was repeated at two levels of overall initial abundance . Communities weremonocultures , mixtures dominated in turn by each species , mixtures dominated in turn by pairs of species or communities witheach species equally represented . For estimation of yield at each harvest , a subplot ( ≥ ３m２ ) was harvested to a height of ５ cm .Total above‐ground biomass for the first three years after sowing and the weed component of that biomass were analysed for １２sites that used the same mid‐European ( ME) species ( Figure １ ) . Average monocultures and mixtures were compared in acombined random coefficients repeated measures analysis across the １２ sites . This allowed us to assess whether , in general ,mixtures outperformed monocultures across the three years .

Figure 1 Location o f 12 sites that used the
mid‐European species .

Figure 2 A verage yield o f sown ( shaded ) and unsown
( white) species in mix tures (mix ) and monocultures (mono)
f or three years across 12 European sites .

Results In each of the three years , the average yield of mix tures was greater than the yield of monocultures ( Figure ２) . Whilethe average weed component of the monocultures increased from １５％ in year １ to ４０％ in year ３ , weeds made up only around
５％ of the total yield of the mixtures . By the third year , the average yield of the sown species in mixture was more than doublethat in monoculture .
Conclusions In Kirwan et al . , ( ２００７ ) we showed that in the first harvest year for ２８ sites , there was a positive effect ofdiversity on productivity and that the effect was related to the evenness of the mixture . Here we show that for １２ of the sites ,the diversity benefit persists into the third year both in terms of productivity and resistance to weed invasion . The diversityeffect was consistent over a large range of environmental conditions , thus adding generality to our findings . The diversity effectwas much greater than expected from previous studies and in the first year the diversity benefits were not only due to a legumeeffect ; the positive interaction between two grass species and two legume species was as strong as that between a grass and alegume ( Kirwan et al . , ２００７) .
ReferencesCornell , J .A . , (２００２ ) Experiments with mixtures : designs , models , and the analysis of mix ture data .Kirwan L . , et al . , ( ２００７ ) Evenness drives consistent diversity effects in an intensive grassland system across ２８ Europeansites . Journal o f Ecology ９５ , ５３０‐５３９ .
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A model for managing an endangered species in Sandhills rangeland
K . Kottas and J . Stubbendieck
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Introduction Blowout penstemon ( Penstemon haydenii S . Wats .) is an endangered perennial plant species native to theSandhills region of Nebraska , USA . Populations of blowout penstemon have reached adequate numbers to consider reclassifyingits status to threaten as outlined in the Recovery Plan ( Fritz et al . , １９９２ ) . Its habitat is disturbed areas of blowing sand inNebraska rangeland . The survival of blowout penstemon depends on its ability to prosper in current conditions and on ourability to manage for minimum viable population levels . The impact of cattle grazing on this plant will be a key factor ineffectively managing its populations . These impacts will be added to a Lefkovitch stage‐structured model in later studies todetermine its potential for self‐sufficiency .
Materials and methods The number of plants remaining and flowering stalks which appear following grazing determine plantsurvival and productivity . Fif teen pairs of plants were chosen at random from each of two sites in the spring of ２００６ . These
plants were marked , the stalks were counted and measured , and the number of floral whorls was counted . Flowering stalkswere counted again in the autumn af ter seed set . In order to simulate grazing , all flowering stalks and vegetative material wasclipped to within １０ cm . of the ground from half the plants after bloom in mid June . The experiment was repeated on the same
６０ plants in ２００７ .
Results and discussion None of the clipped plants produced new flowering stalks in the same year after clipping . There was nosignificant difference in plant mortality between the clipped and unclipped treatments in the first year . For those plants whichremained alive , there was no significant difference between treatments , in the mean change in number of flowering stalks fromone year to the next ( mean clipped ＝ ‐０ .７０ flowering stalks , control ＝ ＋ ０ .３５ stalks ; P ＝ ０ .２７０５ ) . Clipped stalks hadsignificantly shorter flowering stalks (２８ .０８ cm , P＝ ０ .０４９４) in the second year than control plants (３１ .４３ cm , P＝ ０ .０４９４) .The number of floral whorls in the clipped group ( ７ whorls ) was significantly fewer than the number of floral whorls in thecontrol group (９ whorls , P＝ ０ .００３７) in ２００７ . In the autumn following clipping , there was a significant increase in vegetativeshoots among the clipped groups at both locations ( mean difference ５ .８ stalks per plant , P＜ ０ .０００１) . In the spring of ２００６ ,there was no significant difference in the number of vegetative shoots of clipped plants versus control plants . The mean numberof vegetative stalks on clipped plants (６ .７) in the autumn of ２００６ was significantly greater ( mean dif .＝ ５ .８ , P ＝ ＜ ０ .０００１ )than that of the control plants ( ０ .９ vegetative stalks per plant) . The number of vegetative stalks was not significantly differentin the following spring (２００７) .
Conclusions Grazing does not appear to significantly affect the survival of adult blowout penstemon plants after one year . It doescause a loss of production for the year of grazing as well as a reduction in the potential for seed production in the following year ,as it produces smaller flowering stalks with fewer floral whorls . These effects in the short‐term can be included in the stage‐structured model as management events affecting seed production . Grazing events would decrease seed bank potential but notadult plant survival in the model . One recommendation would be to allow animals to graze af ter seed set , in order to preventreductions in production potential . If the hoof action of grazing animals can open these blowouts to sand movement , allowingfor seedling establishment ( Stubbendieck et al . , １９８９ ) , grazing late in the season could actually benefit the survival of theblowout penstemon .
ReferencesFritz , M . , Stubbendieck , J . , & Jobman , W . ,( １９９２) . Blowout pentemon ( Penstemon haydenii S . Watson) . Recovery Plan .US Fish and Wildlife Service .Stubbendieck , J . , Flessner , R . , & Weedon , R . １９８９ . Blowouts in the Nebraska sandhills : the habitat of Penstemon haydeniiS . Watson . In : Bragg , T . and Stubbendieck , J . ( eds .) Proceedings o f the Eleventh North American Prairie Con f erence .University of Nebraska , Lincon . ２２３‐２２５ .
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Sustainable recultivation and land use on karst regions — pasture system
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Introduction Karst areas in Guangxi are distributed across the entire Province , including four district cities and ３３ counties .Carbonate rock is distributed across ８９ ,５００ km２ of area , and accounts for ４０％ of the entire district area , making up １７％ ofthe area of China摧s southern karst . In southern China , the area of karst totals about ５４０ ,０００ km２ . The karst area of Guangxiis the typical of other karst areas in China and also of tropical and subtropical karst of the world . The karst geography of thisproject implementation site is a peak clump depression type . Various grasses have been used to establish pasture system in thekarst region . Grasses and legumes have been screened for this purpose . Combinations of grasses and legumes , cultivation , soilnutrients and improvement of high‐quality pastures have been studied .
Material and methods Mixtures of pasture grasses and legumes were tested in ７ .８ ha plots in total . Twelve varieties plantedincluding T ri f olium repens cv . haifa , Dacty lis glomerata , Panicum maxumam , A eschynomene americana , Caj amus caj an ,
Pasp alum sp p . et al . They were planted in plots with ５ combinations plus a control plot . In April , we choose the ones that
performed better to plant two mixed combination pastures with １０ ha for each . These species were P . wetsteini , P .
maxumam , Setaria anceps , S ty losenthes guianenses , C . caj an , Haifa , P . dilitaton , P . notation and A . Americana . Threemeasurements were made on the Jun １１‐１７ , Aug .２９‐Sep .３ and Oct . ２９‐３０ in ２００６ for height , fresh and air dry yield .
Results The results have shown that some species tested exhibited good emergence and were suitable for the karst area . Thehighest grass yield was in plot ３ , with the fresh yield up to ３０t ha‐１ and the air dried matter field up to ７畅７t ha‐１ . Plot .２ camesecond with the fresh yield up to ３０t ha‐１ and the air‐dried matter yield up to ６t ha‐１ . The third was plot ４ with the fresh yieldup to ２６ .３t ha‐１ and the air‐dried matter yield up to ５ .６t ha‐１ . The ４th gave to plot ５ with the fresh yield up to２３ .３t ha‐１ and theair‐dried matter yield up to ５ .３t ha‐１ . The better performing species were P . wetsteini , P . maxumam , S . anceps , S .
guianenses , C . cajan , A . americana , T . repens cv . haifa , P . dilitaton and P . notaton .

Figure 1 Total annual pasture y ield ( t 爛 ha‐１ )

Figure 2 Distribution pattern o f y ield (kg 爛 m‐2 )

Conclusions Based on the study , useful pasture cultivars and grass and legume combinations for establishment in the tropical andsubtropical karst region have been identified and the pastures of the karst region are being improved .
ReferenceYi , Xianfeng , Lai , Zhiqiang et al . , (２００５ ) . Current situation and development countermeasure of livestock industry in karstregion . Guangx i Journal o f A nimal H usbandry and Veterinary Medicine ２１ :１５７‐１６０ .
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Sustainable recultivation and land use on karst regions — shrub system
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Introduction The karst area because of its special geological structure creates a number of environmental problems includingwater loss , drought , thin soils , desertification , and soil collapse , resulting in a fragile and unstable environment . The karstarea in Guangxi spreads across the entire province . Carbonate rock is distributed ４０％ of and accounts for １７％ of China摧s karstregion . Some of it is degrading like the stony deserts , thus it is urgent to select suitable plants for re‐vegetating it .
Material and methods We screened a large number of shrubs in order to make selections for re‐establishing the shrub system .Nine cultivars have been tested including shrub fodder types , flowering shrubs and fruit trees et al , among them ３ strains ofJapanese camellia , ６ strains of Japanese and Chinese chestnut , Japanese peach blossom and including ６ native species , twostrains of mountain grapes , Zenia , Morrus , Broussonetia , Leuceana and Cinnamomum .We used five reforestation methods to
plant seedlings only , branches , seedlings with soil , nutrition cup seedlings and directly seeding with seed .
Results Three foreign varieties have shown good adaptability . They are the Japanese prunus and Japanese camellia . Six domesticspecies did well : Zenia grew the fastest , reaching a height of ２２０cm in １０ months , the large seedlings of camellia planted withthe soil grew relatively slow ly , only １４cm in height over the same period . Grow th rate were in the following order : Zenia＞
Leucaena＞ grapes ＞ Broussonetia ＞ Morus ＞ Cinnamomum sp p et al . Reforestation results were strongly influenced by soilpreparation . Plowing prior to planting loosened the soil and the young shrubs had adequate water , fertility of soil , sun light ,and heat to promote rapid grow th . At the same time , the planting‐hole method had the poorest results . For example , Zenia
grew ２８５cm tall in all ploughed areas and was ２畅２ times taller than shrubs placed in planting holes . The basal diameter ( BD) oftrees was ２ .５８ cm and ２ .１ times bigger when planted on ploughed land . Biomass aboveground was ８４０ g and ３ .８ timesheavier , and the belowground biomass was ５２０ g and ４ .３ times heaver for the planting‐hole method . For grapes , height was
１３８ cm in ploughed areas , ２ .５ times higher than for the planting‐hole method , BD was ０ .５ cm , or ７％ greater . To chestnut ,height was １０６ cm in all plough , １ .４ times higher than in planting‐hole method , BD was １ .８０ cm , ２５％ bigger than the
planting‐hole method ( Table １) .
Table 1 Di f f erent soil p reparation and biomass o f trees (cm) (A verage f or all species ) .

Soil preparation Main root Side root
Leng th BD Leng th No Mean

Canopy
of roo t

Biomass ( g )
Branch Root

T ractor‐plough ６７ 梃２ :.２ ２８４  ５ 2１ �.１２ ８０ S８４０ 哪５２０ 鼢
Planting‐hole ６０ 梃１ :.２ １４７  ４ 2０ �.８７ ６５ S２２０ 哪１２０ 鼢

Conclusions The better shrubs for recultivation were Zenia , Leuceana and Broussonetia . The best soil preparation was planting‐hole method as it protects the soil surface from eroding and reduces water lose . This method of reforestation is expected to
provide better results , even though initial plant grow th is not as great as is shown in this research .
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Root system ecology of shrubs in Qilian Mountains alpine rhododendron shrubland
Cao Wenx ia , Zhang Degang , Hong Fuzeng
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Key words : root system ecology , １６ shrub species , alpine rhododendron shrubland , disturbance , climate warming ,Qilianmountains
Introduction The Qilian Mountains National Nature Reserve located in the northeastern edge of Qinghai‐Tibet Plateau is the keyareas for global climatic change research . The alpine Rhododendron‐shrubland survived above ３ ,０００m in protection area hasbeen attracting the attention for its important ecological services function , and is also the summer‐pasture for rare white yakand other herbivores . Under global warming background , what or how the impact caused on the shrubland ecosystem byincreasing human disturbance are the main reasons of this study . From root system ecology to understand belowgroundecological characteristics and response of ecological process to disturbance could provide belowground ecological data andtheoretical support for scientific utilization and conservation , however , alpine shrub root system studies were seldom found .The root system architecture and spatial distribution of １６ shrub species existing in alpine Rhododendron shrubland werestudied , and the relationship with environment were discussed .
Methods The study area was the north slope of the Eastern Qilian Mountains , about ５ km from research station of GSAU . Theshrub species existing in alpine Rhododendron shrubland were investigated including Rhododendron thymi f olium ( R .t ) ,R .
cap itatum(R .c ) ,R . anthopogonoides ( R . a ) ,R . p rzew alskii ( R . p ) , Salix oritrepha ( S .o ) , S . rehderiana ( S . r ) , S .
sclerophy lla( S .s) ,Lonicera hisp ida ( L .h) ,L . rup icola ( L .r ) ,L . f erdinadii ( L . f ) ,Potentilla f ruticosa ( P . f ) ,S p riaea
alp ina( Sp .a) ,Caragana j ubata(C .j ) ,A retous ruber (A .r ) ,Rubus irritans (R .i) and H ip pophae tibetica( H .t ) . Coarse rootlength and distribution were studied by using traditional skeleton method to expose root systems ,and fine root length anddistribution were studied by soil core sampling method and wet‐sieving method(Mou P . , １９９５ ; Robert ,２００１) .
Results The root system of shrubs spread mainly in the ０‐３０ cm soil layer ( Figure １) . The shallow root dominant species (R .t ;
R .c ; R .p ; S .o) and subdominant species (S .r ; S .s ; R .a ; L .f ) form the constructive synusia of the community ; deep‐rootedshrubs ( Sp .a ; P .f ; C .j ) are only companion species form the middle synusia ; L . h ; A . r compose the low synusia ,otherspecies are rare species in community .

　 Figure 1 Overlap p ing and separation o f niche o f di f f erent shrub roots in soil layer .

Discussion By using niche overlapping and separating theory , the role of １６ shrubs species in the community and the relationshipwith environment can be explained . The dominant species and subdominant species adapt to the alpine freezing and humidenvironment with shallow and dense root distribution , but deep‐rooted shrubs only can survived occasionally in community .Global climate warming and human activity disturbance may lead that the deep‐root style shrubs replace the current shallow‐roots type摧s constructive species in succession . The hypothesis is consistent with the status of serious damaged Rhododendronshrubland and transitional zone .
ReferencesMou P . R . H . Jones R . J . et al . , ( １９９５ ) . Spatial distribution of roots in sweetgum and loblolly pine monocultures andrelations with aboveground biomass and soil nutrients . Functional Ecology , ９ , ６８９‐６９９ .Robert P . Gibbens et al . ,(２００１) . Root systems of some Chihuahuan Desert plants . Journal o f A rid Env ironments , ４９ , ２２１‐

２６３ .
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Contribution of vegetative reproduction of Leymus chinensis and Carex duriuscula to population
persistence during restoration succession after flood disturbance in the Songnen Plains , China
L i H ai‐yan , Y ang Yun‐ f ei
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Introduction Leymus chinensis is the dominant species and Carex duriuscula is a general companion species in L . chinensismeadows . Vegetative reproduction is crucial to perennial plant population persistence ( Benson and Hartnett , ２００６ ) . In theSongnen Plains of China , a periodic flood due to abnormal weather was followed by natural recovery through successional
processes ( Li and Yang , ２００４ ) . Our objective was to quantify the contribution of vegetative reproduction to populationpersistence and dynamics .
Materials and methods The study was conducted at the Pasture Ecology Research Station of Northeast Normal University ,Changling , Jilin Province , China ( ４４°４５′N , １２３°３１′E) . Average annual temperature is ４ .９o C . Mean annual precipitation is
４７０ .６ mm . From August １９９４ to September １９９５ , the L . chinensis meadow was flooded . All plants were dead . In the second
year , C . duriuscula appeared ; L . chinensis seeds began germinating after ２ years . In September ２００３ and ２００４ , abovegroundand belowground populations of both species were sampled randomly and on areas where the two species with different densitiesgrew together . The collected areas were ０ .２５ × ０ .２５ m２ with a depth of ０ .３０ m . Twenty replicates were collected on eachdate . Potential vegetative reproduction ( PP) including that derived from tiller nodes ( TPP) and rhizomes ( RPP) were counted .The data were analyzed with SPSS statistical sof tware .
Results The density of L . chinensis PP increased , but that of C . duriuscula decreased from ２００３ to ２００４ ( Figure １ ) . Theaverage productivity of tillering nodes and rhizomes for L . chinensis was about ７ .８ and １ .２ times that observed for C .
duriuscula in the ２ years , respectively . The ratio of the number of PP : the number of tillers was １畅７６ for L . chinensis and ０ .
２７ for C . duriuscula ２００３ and ２００４ , respectively ( Table １ ) . Approximately ７６％ PP of L . chinensis present in ２００３ generatedestablished stems in ２００４ , and while this figure was only ６％ for C . duriuscula . These results indicate that the competitiveability of L . chinensis was much higher than that of C . duriuscula in terms of vegetative reproduction during recovery in anearly successional stage in a L . chinensis meadow .

　 Figure 1 The density o f potential population on
vegetative rep roduction in 2003 and 2004 . T PP :
potential population o f tiller nodes ; RPP : potential
population o f rhizomes .

Table 1 The p roductiv ity o f tillers ( indiv iduals tiller‐1 ) and
rhizomes ( indiv iduals m‐1 ) in 2003 and 2004 . T PP/ T ＝ potential
population o f tiller nodes / tiller number . RPP/R ＝ potential
population o f rhizomes / rhizome length . PP/ T ＝ total potential
population/ tiller number .

Species Year TPP / T RPP / R PP / T
L . chinensis ２００３ 唵０ 亮.５２ １０ 媼.０４ １ |.８３

２００４ 唵０ 亮.９６ ５ w.９４ １ |.６８
C . duriuscula ２００３ 唵０ 亮.１４ ７ w.２２ ０ |.３５

２００４ 唵０ 亮.０５ ５ w.９２ ０ |.１９

Conclusions L . chinensis was superior to C . duriuscula in the production of tillering nodes and rhizomes as well as the storageof potential population in vegetative population . PP of both L . chinensis and C . duriuscula were good predictors of populationdynamics of the two species . Consequently , PP played an important role during natural succession after flooding on the naturalmeadow . L . chinensis would the dominant species at a stable stage of recovery .
ReferencesBenson , E .J . , Hartnett , D .C . , (２００６) . The role of seed and vegetative reproduction in plant recruitment and demography intallgrass prairie . Plant Ecology １８３ :１８‐２５ .Li , H .Y . , Yang , Y .F . , ( ２００４ ) . Age structures of modules on Leymus chinensis clonal populations in the process ofrestoration succession after the flooded meadow in the Songnen Plains , China . A cta Ecologica Sinica ２４ :２１７１‐２１７７ .
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Effects of endophyte infection on the response of Achnatherum inebrians to water stress and
nitrogen fertilizer under controlled growth conditions
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Introduction A chnatherum inebrians ,locally known as drunken horse grass ( DHG ) , is a toxic perennial grass found in thewestern Chinese province of Xinjiang . Recent research shows that DHG is infected by an endophyte that is responsible for the
production of the toxic compounds in DHG . It is not clear if this fungus also influences the agronomic performance of DHG .Therefore , an experiment was conducted to test the influence of this fungus , under controlled conditions of different levels ofnitrogen fertilizer and water application , on the productivity of DHG .
Materials and methods A factorial experiment consisting of ３ rates of nitrogen ( N ) (０ , ５０ ,１００kg N hm‐２ as ammonium nitrate) ,
３ levels of water application (５０ , ７５ , and １００％ field capacity ) , and two endophyte ( E) infection levels ( ３％ and ９４％ ) wereconducted in a glasshouse environment . Six plants were grown in each pot . The aerial dry matter (DM ) and tiller numbers of Einfected ( EI) DHG and E free ( EF) DHG were measured .
Results and discussion There were a number of significant ( P ＜ ０ .０５ ) inte ractions detected in this study . Although the meanDM production of DHG was not affected significantly by endophyte infection , at the highest level of N fertilizer , EI producedmore DM than EF ( Figure １ , bars representing mean values with different letters are significantly different p ＜ ０ .０５ ) .Similarly , at the highest water level ( １００％ field capacity ) , EI DHG again produced significantly more DM than EF DHG
( Figure ２) . EI DHG also produced more tillers than EF DHG at highest water levels ( Figure ３ ) .

Figure 1 DM yield o f tillers o f EI
and EF DHG .

Figure 2 DM yield o f tillers o f EI
and EF DHG .

Figure 3 Tillers Numbers o f EI and
EF DHG .

Conclusions There have been few previous reports of the effect of endophyte infection on DHG grow th . Studies on tall fescueindicated that the endophyte favors plant grow th . However , interactions between the endophyte and other factors such asnutrient status , water and soil type make it difficult to predict a clear response of plant grow th to endophyte infection . Thisstudy showed that under certain conditions , endophyte infection stimulates host plant grow th . More studies are needed toreveal the mechanism of the endophyte‐plant interactions .
ReferenceNan , Zh .B . ,LI Ch .J . , (２００４) . Roles of the grass‐Neoty phodium association in pastoral agriculture systems . Acta Ecologica

Sinica ２４ : ６０６‐６１５ .
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Forage potential of alfalfa (Medicago sativa L .) for wildlife
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Sveto比imunska 25 , Zagreb , Croatia , E‐mail :dmacesic＠ agr .hr

Key words :alfalfa , forage yield , inoculation
Introduction Croatia has ７２４ hunting grounds with demand to increase the potential for hunting opportunities . To increasecarrying capacity for wildlife our objective was to determine the influence of cultivar type of alfalfa and S . meliloti innoculastrains on forage .
Materials and methods An experiment was conducted in northwest Croatia on a silt loam soil ( Typic Udifluvents ) , pH ６ .０ .Total monthly precipitation was ９０１ mm and average annual temperature is １１ ℃ . Four cultivars of alfalafa : Mirna , Posavina ,OS ８８ and OS ６６ were seeded in a prepared seedbed in １ .２ by １０ m plots at the seeding rate of １８ kg ha‐１ . Seeds wereinoculated (２０ g peat kg‐１ seed) with a peat based‐commercial S . meliloti inoculant ( ２０１１ ) and two isolated indigenous S .
meliloti strains ( OS ６ and C １６ ) . The experimental design was a randomized complete block with treatments in a split‐blockarrangement , with four replicates ( SAS Inst . , １９９７) .
Results and discussions Obtained DM yield was significantly ( P ＝ ０ .０５) greater with cultivar OS ６６ , while the effect of inoculastrain by cultivars was not significant .
Table 1 Total DM yield ( t ha‐1 ) o f 4 al f al f a cultiv ars inoculated by 3 di f f erent strains o f Sinorhizobium meliloti , Maksimir
２００５ .
Strain / cultivar DM yield ( t ha － １ )

Mirna Posavina OS ８８ 挝OS ６６ :Average
st rain

Control １４ s.２４ １４ 哌.３５ １３ L.５６ １４ 父.９３ 14 $.27
OS ６ `１６ s.１３ １５ 哌.７７ １６ ,０１ 乔１６ ,６６ 316 ,14
C １６ V１５ ,９７ 铑１５ ,８２ Z１５ ,４１ 乔１５ ,９６ 315 ,79
２０１１ Y１６ ,１４ 铑１６ ,２０ Z１５ ,４０ 乔１５ ,２８ 315 ,76
Average cultivar 15 ,62 铑15 ,54 Z15 ,10 乔15 ,71
LSD ０ 憫.０５ １ ,２ t / ha
Strain x cultivar NS

Conclusions These results are in accordance to Mac＇e比ic＇ et al . ( ２００７ ) , our results suggests there is some advantage ininoculating alfalfa seed when planting in areas where a legume species has not been grown before and that strain of S . melilotibacteria may be an important factor to consider .
Acknowledgments The authors appreciate the financial support received through the project ０１４７ f rom the Ministry of scienceeducation and sports in Croatia .
Reference
Mac＇e比ic＇ , D , Uher , D . , Sikora , S . , Bla碧inkov , M . and 搽tafa , Z . ( ２００７ ) Yield and height of alfalfa ( Medicago sativ a L .)effected by Rhizobial inoculation . Cereal Research Communications , Vol . ３５ . No .２ : ７３７‐７４０ .
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Preliminary investigations on Columbus grass( Sorghum almum Parodi) for fodder in semi‐arid
Nigeria :effects of sowing methods on growth components and herbage yield
B .S . Malami , H .M . Tukur and H . Dahiru
Department o f A nimal Science , Faculty o f A griculture , Usmanu Dan f odiyo University , P .M .B . 2346 , Sokoto , N igeria .
E‐mail :bmalami＠ yahoo .com
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Introduction Most of the ruminants in the country is located in semi‐arid region , where feed supply is limiting during the longdry season . This research was conducted to investigate the grow th and herbage yield of the introduced Columbus grass( Sorghum almum Parodi) using different sowing methods in a semi‐arid region of Nigeria , where it is being considered for itspossible use as fodder plant .
Materials and methods The experiment was conducted during the rainy season of ２００５ /２００６ at the Usmanu DanfodiyoUniversity Teaching and Research Farm ( １３°１′N , ５°１５′E) , using a Randomized Complete Block Design ( RCBD) with threereplications . Soils were manually prepared using the hoe . The plots were marked out into parallel rows , separated by a ０畅５mfootpath . They were rectangular , slightly sunken ３m × ４m (１２m２ ) basins . Three sowing methods were tested : a) broadcasting( at a rate of １９ .８ kg ha‐１ ) , b) dibbling ( at a rate of １６ .８kg ha‐１ in ５０ × ５０cm and , c) drilling ( at １６ .８kg ha‐１ same rate andspacing as for dibbling ) . Plant height , leaf length , leaf width , number of leaves , stand establishment count and herbage yieldwere measured in each plot at intervals of ２ , ４ , ６ , ８ and １０ weeks after sowing to measure crop grow th rate ( Harper １９８３ ) .Data were compared by analysis of variance , and LSD was used to compare means ( SAS １９８８) .

Figure 1 Plant height , lea f length and lea f w idth o f
Columbus grass w ith di f f erent sow ing methods at
di f f erent time interv als .

Figure 2 Stand count and number o f leaves o f Columbus
grass w ith di f f erent sow ing methods at di f f erent time
interv als .

Results and discussion Plant height and leaf length differed significantly ( P ＜ ０ .０５ ) among treatments from ４ to １０WAP .
( Figure １) . The two parameters also increased with increase in time intervals . Leaf width differed ( P ＜ ０ .０５ ) at ８ WAP .Stand count and number of leaves differed ( P ＜ ０畅０５ ) except at ２ and ６ WAP respectively ( Figure ２ ) . Drilling methodrequired less seeds and produced the highest ( P ＜ ０ .０５) DM yield of ３１７０ kg ha‐１ , which was however lower than the value of
８１８０ kg ha‐１ reported by Muhammad (２００４) in the same ecological zone .
Conclusion It can be concluded from our results that drilling greater amounts of seed resulted in greater dry matter production .
ReferencesHarper , F . (１９８３) . Principles of Arable Crop Production . Blackwell Science L imited , London , pp３３６ .Muhammad , I .R . (２００４ ) . Production and utilization of Columbus grass ( Sorghum almum Parodi) in the Savannas of Nigeria .

PhD Thesis , Department of Animal Science , Ahmadu Bello University , Zaria , N igeria , pp１８２ .SAS (１９８８) . Statistical Analysis System ( SAS /STAT ) user摧s guide release ６ .０３ . ed . Statistical Analysis Systems InstituteInc . , Cary NC . , pp ５４９‐６４０ .
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Seasonal dynamics of the rangeland摧s vegetations of arid zone of Uzbekistan
1 Mardonov , B .K . , 2 Pittro f f , W . , 1 Raj abov T .F . , 1 Bobod j anov F .N .
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2 L ivestock Systems Research , W ingertchen 6 , Idar‐Oberstein , Germany , Wol f gang .E‐mail :p ittro f f ＠ gmail .com
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Introduction About ６５％ of the territory of Uzbekistan is desert . The most important agricultural activity in this region islivestock production . The vegetation of desert and semi‐desert rangelands is the most important source of feedstuffs for thelivestock industry . The intensity of utilization of natural rangeland grazing resources mandates a program of monitoring of rangevegetation condition and trend . The objective of this study is the analysis of intra‐and inter‐annual variation in biomass , cover ,and species composition for the development of grazing plans that protect the forage resource .
Material and methods Comprehensive rangeland inventories were conducted ２‐３ times per year for ６ six years on ４ rangelandsites typical of the South Kyzylkum desert : (１) A rtemisia‐annual rangelands ; ( ２ ) Semi shrub‐annual rangelands on foothills ;(３) Shrub‐semi shrub rangelands in mountainous regions ; ( ４ ) Shrub‐semi shrub rangelands on sandy desert . Measurementsincluded cover , above‐and below‐ground biomass , frequency and density . Ordination analysis was conducted based on percentrelative cover for all years .
Results and discussions The highest values of annual biomass were observed in the semi shrub‐annual rangelands , foothills andshrub‐semi shrub rangelands , and sandy deserts with ７００ — １１００ kg / ha . Relatively low annual biomass was observed on
A rtemisia‐annual rangelands and shrub semi shrub rangelands varying from ２００ to ３００ kg / ha . In general , our studies showthat on properly managed rangelands annual biomass increases from spring to summer between １０ and ３０％ .
The results of line intercept measurements of cover confirmed the annual biomass analysis . Relatively high values weremeasured for intercept at all sites in autumn . Where intercept decreased in autumn , grazing pressure during summer was high .This is most likely to occur close to settlements and water sources .
Conclusions Long‐term , intensive grazing by livestock has created characteristic plant community patterns along grazingintensity gradients radiating away from villages and water sources . In the fragile semi‐arid and arid range sites of Uzbekistan ,overused areas close to settlements and water sources can develop into desertification foci . The development of resource‐
protecting grazing schemes using long‐range rest and rotation schemes is important to maintain the integrity of this importantagro‐ecosystem .
ReferenceMorozova I .O . , (１９４６) . Rangelands Economy in the Karakul Sheep Husbandry of Central Asia . Moscow . pp .３ .
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Grazing summer‐active tall fescue in south‐eastern Australia
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Introduction In the Western District of Victoria , one of the dominant landscape features are valley floors , characterised byheavy clay soils which are prone to waterlogging in winter . Livestock producers could potentially improve pasture productionover summer , filling the feed gap , while also reducing groundwater recharge by sowing summer‐active tall fescue ( Lolium
arundinaceum syn . Festuca arundinacea) in these areas . However , there is little information on the production managementand sward dynamics of summer‐active tall fescue in this environment .
Materials and methods A summer‐active tall fescue ( cv . Quantum ) pasture was established in November ２００４ . Two grazingsystem treatments were imposed in a completely randomised design in September ２００６ . They are : set stocked ( SS) , where thesward is maintained at an average feed on offer of ８００‐１０００ kg DM / ha ; or rotationally grazed at the ３ leaf stage ( RG ) to anaverage feed on offer of ８００‐１０００ kg DM / ha over a ７ — １４ day period . The survival of tillers is monitored at the beginning ofeach month by marking all tillers in five fixed １００ mm diameter circular quadrants per plot that were located on tall fescueclumps .
Results and discussion Changes in tiller populations are shown in Figure １ . Tiller appearance rate in early summer ( Decemberand January ) was low due to dry conditions . Rain in January ２００７ ( １１２ mm ) prompted rapid tillering . Tiller death ratesincreased in March when tillers initiated in January died because of little follow‐up rain . The autumn break occurred on ２７ April
２００７ , prompting rapid tiller appearance in June . Waterlogging and cold temperatures resulted in few new tillers in July andAugust . Tillering increased in September in response to higher spring temperatures . Tillering was higher ( P＜ ０ .０５) under SSthan under RG during July , August and September ２００７ , indicating SS continued tillering despite adverse growing conditionsover winter and responded more rapidly to improving growing conditions in early spring . SS had higher ( P＜ ０ .０５) tiller deathrates in November ２００６ as the season dried off and over ２００７摧s winter in response to low temperatures and waterlogging . Theseresults indicate that SS responded quickly to good growing conditions , but was more sensitive to poor growing conditions .

Figure 1 Changes in tiller population and tiller age p ro f iles f or summer‐active tall f escue under set stocking or rotational
graz ing over 2006/07 . Shaded sections indicate trends in the population o f tillers p resent at the start o f the ex periment and
those ap pearing at successive monthly interv als .

Conclusions A pasture sward consists of a population of tillers , the turnover of which determine pasture production and
persistence . The results of this study show that tiller populations are more stable under rotational grazing than under setstocking and are dependent on growing conditions .
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Tiller weight versus tiller number in a perennial ryegrass population : a productivity index
C . Matthew 1 , A .M . Sartie 1 ,2 , and H .S . Easton2
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Introduction In defining agronomic indicators of sward status , tiller population density is often intuitively linked with swardvigour and presumed to be indicative of productivity potential . However , grass swards are subject to tiller size‐densitycompensation and exhibit considerable plasticity , with shoot size and density subject to genetic variation , and varying withfactors such as change in grazing height or seasonal light influx . A productivity index ( PI) representing combinations of tillersize and density predicted to result in higher ( or lower ) sward leaf area index ( LAI) and DM productivity ( Matthew et al . ,
１９９５) has been shown to be useful when comparing genetically similar swards under differing managements , but it is knownthat the cultivar Grasslands Ruanui has an anomalously high PI when compared with Grasslands Ellett (Bahmani et al . ,１９９７) .Here we report further investigation into factors affecting PI .
Materials and methods ３ clonal replicates of each of ２００ full sib F１ seedlings of a Grasslands Impact x Grasslands Samson crosswere cultivated in １０cm diameter plastic bags in a glasshouse at AgResearch Palmerston North from April to July ２００３ . Onceestablished , plants were monitored for ４ leaf appearance intervals to determine leaf length ( LL ) , leaf appearance interval ( AL ) ,leaf elongation duration and ( LED) , tiller number per plant ( TN) , and plant dry weight ( DW) . Plant spacing was such thatthe canopy approximated a closed field sward . For measurement units , see Table １ . Leaf elongation rate ( LER) , tiller weight( TW) , and PI ( here : log１０ TW ＋ １ .５ log１０ TN / pot area) were also calculated for each plant . Data were averaged for clonalreplicates and the data matrix of ８ variables for ２０２ genotypes so obtained , subjected to principal component ( PC ) analysis( using the covariance matrix ) in Minitab version １０ .１ .
Results For each of the ２００ genotypes and ２ parents , log ( tiller weight , g ) and log ( tiller population density , m‐２ ) are plottedin Figure １ . The solid line is an arbitrarily placed １ :１ compensation line indicating combinations of tiller weight and density
giving constant plant DW . The dashed line indicates constant PI ( Matthew et al . , １９９５) . The first ３ PCs ( Table １) accountedfor ８３％ of the data variation . PC１ links high PI , DW and TN with lower LER and long LED . PCs ２ and ３ focus on change inDW and PI associated with TW and TN , respectively , and in both cases linked to high LER .

Figure 1 Tiller siz e‐density compensation
w ithin the Samson‐Impact F１ population .

Table 1 V ariable means and p rincipal component ( PC ) structure f or PCA
ex p loring inter‐relationships w ith Productiv ity Index ( PI ) . Coe f f icients less
than ０ .２ are sup p ressed .

Mean PC１ 耨PC２ 排PC３ 槝
LL ( mm) １７６  ‐ ０ `.５４６ ‐０ N.２１９
AL ( days) １３ 忖.３ ０ 寣.３５７ ‐ ‐０ N.５２８
LED ( days) １５ 忖.１ ０ 寣.３４１ ‐ ‐０ N.５５７
LER ( mm day‐１ ) １１ 忖.９ ‐０ Ё.３４７ ０ `.４０４ ０ 3.２２９
DW ( g plant‐１ ) ３ 构.２ ０ 寣.３００ ０ `.４８２ ０ 3.２７０
PI ４ 构.４ ０ 寣.４４４ ０ `.３０４ ０ 3.３３８
TW ( g ) ０ 构.０９７ ‐０ Ё.３０３ ０ `.４２８ ‐

TN ( tillers plant‐１ ) ３５ 忖０ 寣.４９３ ‐ ０ 3.３２０
％ v ariance ex p lained ‐ ３６ 档.９ ２６ 墘.９ ２２ \.８

Discussion and conclusions Means in Table １ allow the reader to visualise the plant status during the experiment . As is commonin PCA , the structure of PCs changed somewhat , depending on the variables entered into the analysis , but relationshipsbetween variables common to most PCA formulations were identified even so . PC１ has a strong size/ density compensationcomponent with small‐tillered plants having high PI , a phenomenon also noted by Bahmani et al . １９９７ . PC２ picks outgenotypes with an association between LL , LER , DW , and PI , and follow‐up study may be of interest to see if scores for thisPC provide useful information for plant improvement .
ReferencesBahmani I , Thom ER , Matthew C . , ( １９９７ ) . Effects of nitrogen fertiliser and irrigation on the productivity of differentryegrass ecotypes when grazed by dairy cows . Proc . New Zealand Grassland A ssociation , ５９ , １１７‐１２３ .Matthew C , Lemaire G , Sackville Hamilton NR . , ( １９９５ ) . A modified size/ density equation to describe size densityrelationships for defoliated swards . A nnals o f Botany , ７６ , ５７９‐５８９ .
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Biodiversity and structure of subtropical Boliviano‐Tucumano mountain forests , depending on
disturbance intensity due to forest grazing and selective timber logging
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Introduction The Parque Natural de Flora y Fauna Tariquí a , Department of Tarija , Bolivia is dominated by the Boliv iano‐
Tucumano subandean semideciduous and seasonal evergreen vegetation ( Navarro , ２００４) . Theses forests have been used as dryseason grazing area of Criollo cattle for centuries . In the last decades , easier accessible parts of the reserve were additionallyaffected by selective timber logging . The influence of forest grazing and selective timber logging on the plant speciescomposition of the Boliviano‐Tucumano mountain forests has not been studied before . This study investigated plant speciesdiversity and forest structure in areas with different disturbance regime . The results can serve as a basis for decisions regardingthe future management of the reserve .
Material and methods In three valleys of the mountainous nature reserve Parque Natural de Flora y Fauna Tariquia , with analtitudinal gradient of ９９０ to １２７０ m a .s .l . , ２５ Gentry‐type temporary plots each of ０ .１ ha ( ５０m × ２０m) were installed , anddivided in １０ sub‐plots of １０m × １０ m . Plant species , height , diameter , infestation with lianas , and the phenological state of allwoody plant species and lianas with ≥ ２ .５cm diameter ( D .B .H .) were determined . Based on abundance , dominance andfrequency , the Index of Importance Value ( IIV ) according to Mueller‐Dombois and Ellenberg (１９７４ ) was calculated and usedfor Detrended Correspondance Analysis ( DCA ) to group the plots ( Kent and Coker , １９９２ ) and Canonical CorrespondenceAnalysis ( CCA) was used to determine the importance of the intervening variables .
Results Within the ４９ families registered , the most frequently found families were Myrtaceae ( １７畅１％ ) , Solanaceae ( ９％ ) ,Sapindaceae (７畅８％ ) , Euphorbiaceae ( ５畅６％ ) , Bignoniaceae ( ５畅５％ ) , Melastomataceae ( ５畅４％ ) , Apocynaceae ( ４畅８％ ) ,Rubiaceae (４畅２％ ) , Meliaceae (４畅１％ ) , Asteraceae (４％ ) , Lauraceae (３畅３％ ) and Fabaceae‐Mimosoidae (３畅２％ ) . The mostfrequently found plant species were Myrciaria delicatula ( １０畅５％ ) , Miconia calvescens ( ５畅３％ ) , Fosteronia glabrescens(４畅８％ ) , Sebastiania f iebrigii ( ４畅５ ) , Solanum symmetricum ( ４畅３％ ) , Psychotria carthagenensis ( ３畅６％ ) , T richilia
claussenii (３畅５％ ) , Vernonia p inguis (３畅４％ ) and Blepharocalyx salici f olius ( ３％ ) . In total , １２３ woody plant species andlianas were found . The Detrended Correspondance Analysis (DCA) of the plant species composition showed that the plots canbe classified into five groups , according to the intensity of grazing and timber logging : In the less disturbed Group １ , thespecies with the highest Index of Importance Value ( IVV ) were T richilia claussenii ( ８畅１％ ) , Piper amalago ( ５畅５％ ) ,
Nectandra cf . angusta ( ４畅１％ ) and Psychotria carthagenensis ( ４畅 ％ ) . Group ２ : Miconia calvescens ( ２７畅１％ ) , Solanum
symmetricum (８畅９％ ) , Phoebe c f . porphy ria ( ７畅８％ ) , Piper amalago ( ５畅７％ ) and Amphilophium pannosum ( ５畅１％ ) .Group ３ : Myrciaria delicatula (１５畅５％ ) , Prunus sp . (１１畅７％ ) , I lex argentina ( １１畅４％ ) , Terminali tri f lora ( ５畅８％ ) and
Blepharocalyx salici f olius ( ５畅４％ ) . Group ４ : Myrciaria delicatula ( １５畅５％ ) , Prunus sp . ( １１畅７％ ) , I lex argentina(１１畅４％ ) , Terminalia tri f lora (５畅８％ ) and Blepharocalyx salici f olius (５畅４％ ) . In the most disturbed Group ５ , the specieswith the highest IVV were Solanum aff . symmetricum ( １６畅９％ ) , A cacia aroma ( １３畅３１％ ) , Vernonia p inguis ( １３畅８４％ ) ,
Sap ium haematospermum (８畅５％ ) and Celtis sp inosa (５畅３％ ) . The groups １ to ５ also differed in forest structure . Group １ hadthe highest variability of diameter and height class . This variability decreased with increasing disturbance intensity , and also themean base area decreased . The latter was ８ .９ m２ / ha and ２ m２ / ha in group １ and ５ , respectively . At the same time , thenumber of plant individuals increased with increasing disturbance intensity . Areas with medium disturbance intensity had thehighest cover percentage of lianas ( almost ３０％ ) . In the Correspondence Analysis ( CCA) , the disturbance intensity ( includingboth grazing and timber extraction) had a significant ( p ＜ ０ .００５) influence on the botanical composition of the different forestsites .
Conclusions The disturbance intensity had a significant influence on the botanical composition of the Boliviano‐Tucumanoforests . Furthermore , the number of plant individuals increased and both the mean base area and the variability of diameter andheight classes decreased with increasing disturbance intensity . Further studies including controlled experiments and directobservations , are necessary to evaluate the influence of different intensities of cattle grazing on plant species composition andforest structure , and thus differentiate between the effects of timber extraction and forest grazing .
ReferenceKent , M . , Coker , P . (１９９２) . Vegetation Descrip tion and A nalysis : a Practical A p p roach . J . Wiley & Sons , New York .Navarro , G . (２００４) . Provincia Biogeográfica Boliviano‐Tucumana . Chapter ８ . , pp ３５１‐４５１ . In : Navarro , G . , Maldonado ,M . Geog ra f í a Ecológica de Boliv ia : Vegetación y Ambientes Acuáticos . ２nd edition . Editorial :Centro de Ecología SimónI . Pati鼻o‐Departamento de Difusión . Talleres de Industrias Graficas SIRENA . Santa Cruz de la Sierra ,Bolivia . ,pp ７１９ .
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Initial development of dwarf elephant grass ( Pennisetum purpureum Schum .) clones in the
coastal region of Pernambuco State , Brazil
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Introduction Elephant grass germplasm is highly heterozygous and presents great variability , which may be exemplified by itslarge variability in plant height (摧T Mannetje , １９９２) . Grow th analysis of elephant grass clones with different plant heights it isan important tool to understand plant morphological adaptations to the environment and management strategies . Thisexperiment aimed to evaluate physiological responses of elephant grasses clones with different plant heights .
Material and methods The experiment was carried out at the Agricultural Research Station of IPA , located in Itambe , dry forestzone of Pernambuco State , Brazil . It was evaluated eight elephant grass clones . Five of these clones are considered dwarfelephant grass ( Taiwan A‐１４６ ２ .３７ , Taiwan A‐１４６ ２ .２７ , Taiwan‐１４６ ２ .１１４ ,Merker México MX ６ .３１ and Mott) , and one ofthem ( HV‐２４１) is a hybrid with pearl millet . These clones , except Mott , were developed from the IPA / UFRPE elephant grassbreeding program . The last two clones are elephant B ( or Mercker) and IRI‐３８１ . Elephant B is one of the first elephant grassintroductions in Brazil . These two clones are not dwarf and represent the average clones used in the region . Grow th wasevaluated by measuring the leaf area index ( LAI) , light interception ( LI) , and average leaf angle ( LA) , every １４ d , until ５６ dof regrow th af ter cutting at ground level . For these measurements , it was used a LICOR LAI ２０００ . It was used a completerandomized blocks design with four replications .
Results and discussion The relationship between LI and LAI was high ( R２

＝ ０ .９９) . Differences among elephant grass clones ( P
＜ ０ .０５) related to LI and LAI occurred only at ４２ d of regrow th ( Tables １ and ２ ) . It was verified LAI reduction for theelephant grass clones after reaching ９５％ of LI ( critical LAI ) , however , time needed to reach critical LAI varied amongelephant grass clones . According to Bréda (２００３ ) , any change in the LAI is followed by modifications in the stand of forageplants . No differences among clones ( P＞ ０ .０５) were observed for LA , with averages of ４６° , ３９° , ３０° , and ３８° at １４ , ２８ , ４２ ,and ５６ d of regrow th , respectively .
Table 1 Leaf area index along the grow th period o f elephant
grass clones w ith di f f erent p lant heights .

Clones Grow th , days
１４ days ２８ days ４２ days ５６ days

Taiwan A‐１４６ ２ 梃.３７ ０  .９a ２ c.１a ３ 哪.０c ２ '.８a
Taiwan A‐１４６ ２ 梃.２７ １  .２a ２ c.４a ３ �.７bc ３ '.４a
Taiwan A‐１４６ ２ 梃.１１４ １  .１a ２ c.５a ４ �.０ab ３ '.５a
Mercker México ６ ,.３１ １  .３a ２ c.３a ４ �.１ab ３ '.０a
HV‐２４１ 挝０  .９a ２ c.４a ３ 湝.７abc ３ '.１a
Mott １  .２a ２ c.４a ４ 侣.５a ３ '.３a
Elefante B １  .２a ２ c.５a ３ �.４bc ３ '.５a
IRI‐３８１ 揪０  .９a ２ c.６a ３ 湝.７abc ３ '.１a
Mean １  .１ ２ v.４ ３ 照.８ ３ 9.２
CV , ％ ２７ ,.５ １９ 妸.５ １０ 殚.７ １２ N.９
Means followed by different letters in the same column are different by Tukey
test ( P＜ ０ .０５) .

Table 2 L ight intercep tion along the grow th period o f
elephant grass clones w ith di f f erent p lant heights .

Clones Grow th , days
１４ days ２８ days ４２ days ５６ days

Taiwan A‐１４６ ２ 缮.３７ ５１a ８１a ９３b ９１a
Taiwan A‐１４６ ２ 缮.２７ ６１a ８９a ９５abc ９５a
Taiwan A‐１４６ ２ 缮.１１４ ５７a ８８a ９６ab ９４a
Mercker México ６  .３１ ６０a ８４a ９７ab ９１a
HV‐２４１ �５２a ８６a ９６ab ９２a
Mott ６３a ８４a ９８a ９３a
Elefante B ５９a ８８a ９４bc ９４a
IRI‐３８１ 煙５３a ８９a ９５abc ９３a
Mean ５７ 6８６ 敂９５ 篌９３ X
CV , ％ １８ 6７ �２ 哌３ D
Means followed by different letters in the same column are different by Tukey
test ( P＜ ０ .０５) .

Conclusions The length of time needed to reach the critical LAI varies with the elephant grass genotype , indicating thatmanagement strategy should differ according to the genotype .
ReferencesT Mannetje , L . １９９２ . Pennisetum purpureum Schumach . In : T Manntje , L . , Jones , R .M . eds . . Plant Resources o f

Southeast A sia , Forages No .４ .Wageningen : Pudpc Scientific Publishers ,pp １０１‐１０２ .Bréda ,N . J . J . ２００３ . Ground‐based measurements of leaf area index : a review of methods , instruments and currentcontroversies . Journal o f Ex perimental Botany ５４ , ２４０３‐２４１７ .
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Soil factors affecting the distribution of four salt tolerant range plants in eastern Azarbaijane
province (Gharakhlar)
A .Mokhtari A sal１ ,Sh .Rastegar２ ,S . K h . Mahdav i３ ,M .R . .Sadeghi manesh４
１ Ph .D student o f Range Management in Isalamic A z ad University‐Science and Researches Brach ,Tehran‐I ran , member o f
young researchers club
２ Ph .D student o f Range Management in Isalamic A z ad University‐Science and Researches Brach ,Tehran

Introdution Correct management of a range land is on the basis of ecological principals . Understanding the ecological processesis the main term of management Mesdaghi (２００２) . Environmental variables consist of complex reactions between environmentalvariables and plants ( canopy cover and density ) Jangman ( et al , １９８７ ) . Various plant types have correlation with soil types .Zahran ( et al , １９９２ ) said that in saline areas salt , soil texture and organic carbon are the most important factors in distributionof plant communities . The results showed that index plants were the presidents of ecological soil factors . Layon and Sagers(２００３ ) in misiyory of United states , by using ordination method ( CCA , DCA ) , came to the conclusion that there is a littlecorrelation between plant vegetation . The goal of this research is determination of relationship between four saline range plantsparameters ( canopy cover and density ) and physico‐chemical soil factors to develop range lands , managing the vegetation andconserving the soil and water .
Materials and methods The investigation was undertaken in the part of sub‐basin of Ghatoor Chai River , eastern Azarbaijanstate in the north eastern of Iran .Mokhtari (２００５) . Plant communities analyzed by topographic map ( scale : １ /５００００) , then ineach community introducer site selected . According to the vegetation changes and the goal of research １０ transect with ５０meters long and １００ meters distance from each other lay down in each community . The way of sampling was random‐systematic . In each transect the length of each plant摧s canopy cover recorded . For measuring the density of plants , the way ofpoint‐center quarterwas selected , besides soil sample supplied . In each transect soil dug through the depth of ６０ cm , sampleswere removed from ０‐２０cm , ２０‐４０cm and ４０‐６０cm . In laboratory soil acidity , Electrical conductivity , sodium in saturatedextract , ( Ca ＋ Mg in saturated exacted) , ratio of absorbed Na ( Na .A .R .) , percentage of saturated salts ( PSW ) and soilmoisture calculated in a way of weight .
Results The results of multiple regression analysis of investigating the relation between four index saline range plants and soilfactors showed in Tables １ and ２ .
Conclusions According to the results , there is a close relation between physico‐chemical soil factors and density and coverpercentage of the predominant plants . The results of multivariable regression showed that Halocnemum strobilaceum had directrelation with moisture of the soil , so distributed in the places that ground water was high . Salsola .denroides had direct relationwith Na from other soil factors ; this was because of high resistance of this plant to the salt of the soil . pH , clay and Na hadeffect on the distribution of the A trip lex veruci f erum . Direct relation of this plant with clay percentage was due to the presenceof this plant in the heavy and high PH . The weak or none relation of this plant with soil factors in the first layer may bebecause of the structure of their roots . A eluropus littoralis had inverted relation with the absorbed Na , this was due to the lowresistance of this plant to salt compared to the other species . This result confirmed the results of other researchers ( Jafari ,
２００４) , ( Zare Chahooki , ２００１ ) , ( Mirmohammadi et al , ２００２ ) .According to the relation between density and vegetationpercentage with soil features can determine that predominant plant vegetation of the majority of soils with S .A .R .E .C and Nawas Halocnemum strobilaceum and Salsola dendroides . This result was the same as Mirmohammadi ( et al , ２００２ ) and Alakh& Rdif (１９８８) .
Table 1 Step by step multi regression o f di f f erent species density .Species Depth Soil factor R２ 1Equation
Hal‐str ０‐２０ (moisture ７５  .４ Y ＝ ‐１８７ ＋ １３５moisture

２０‐４０ 8moisture ７０  .２ Y ＝ １１５４ ＋ １５１moisture
４０‐６０ 8moisture ４６  .９ Y ＝ ‐９７７ ＋ １１５ moisture

Sal‐den ０‐２０ (‐ ‐ ‐

２０‐４０ 8‐ ‐ ‐

４０‐６０ 8Na ８４  .９ Y ＝ １９０ ＋ ０ 祆.８２４ Na
Atr‐ver ０‐２０ (‐ ‐ ‐

２０‐４０ 8Clay , S .A .R ９４  .４ Y ＝ ２３５８ ＋ １２２ clay － ３１ &.９ S .A .R .
４０‐６０ 8moisture ３２ 1Y ＝ ０ Q.０５６ － １８４moisture

Aelu‐lit t ０‐２０ (Ca ＋ Mg ３２  .１ Y ＝ ３１１ － １ 刎.７２ ( Ca ＋ Mg)
２０‐４０ 8‐ ‐ ‐

４０‐６０ 8Loam , EC , moisture ８３  .１ Y ＝ １１５７ ＋ １４  .４ silt － ２ .６ EC － ４ .７７ moisture

Table 2 Step by step multi regression o f di f f erent species canopy cover .Species Depth Soil factor R２ VEquation
Hal‐str ０‐２０ 哌Moisture and sand ７１ U‐Y ＝ ‐１２ `.１ ＋ ５６ .１ moisture ＋ ０ .３８１ sand

２０‐４０ 镲Moisture ２９ 6.１ Y ＝ ５ ＋ ０ 妸.９６１ moisture
４０‐６０ 镲Moisture ２１ 6.２ Y ＝ ４  .８ ＋ ０ .７７５ moisture

Sal‐den ０‐２０ 哌Na , Ca ＋ Mg , Clay ７３ 6.４ Y ＝ ３  .３８ ＋ ０ .００５１７Na － ０ .１３２Ca ＋ Mg ＋ ０ .３４１ clay
２０‐４０ 镲‐ ‐

４０‐６０ 镲Na ７９ 6.５ ‐Y ＝ ０ A.６４２ ＋ ０ .００３１０Na
Atr‐ver ０‐２０ 哌pH ２７ U‐Y ＝ １５６ ＋ １９ �.８ pH

２０‐４０ 镲Clay , S .A .R ９７ 6.３ Y ＝ ２ A.５８ ＋ ０ .７２８ clay － ０ .６５３ S .A .R
４０‐６０ 镲Moisture and Clay ６４ UY ＝ ５４ L.５ － １ .５４ moisture ＋ ０ .０３６５ clay

Aelu‐lit t ０‐２０ 哌S .A .R , PSW ６４ 6.４ Y ＝ １ -.９５ － ０ .１０９S .A .R ＋ ０ .１１６ PSW
２０‐４０ 镲pH １７ 6.６ Y ＝ ７ A.２５ － ０ .７３７ pH
４０‐６０ 镲S .A .R . ３０ 6.９ Y ＝ １ -.６６ － ０ .００５７９S .A .R .
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Does disturbance similarly facilitate weed invasion within grass , forb , and shrub plots ?
T .A . Monaco and E .D . Leonard
USDA‐ARS Forage and Range Research L ab . Utah State University , Logan , Utah 84322 , U .S .A . , E‐mail :tom .monaco＠
ars .usda .gov

Key words : grow th form , soil resources , safe sites , Bromus tectorum , Isatis tinctoria

Introduction Big sagebrush communities ( A rtemisia tridentata Nutt .) in the Great Basin have been degraded by the synergisticconsequences of chronic disturbance and annual weed invasion ( Young and Evans １９７８ ) . Repairing ecosystem function is anoverarching goal of restoration efforts , but it remains unclear which species most effectively resist weed invasion and howdisturbance mediates weed invasion . We evaluated whether disturbance similarly facilitates invasion in single‐species grass ,forb , and shrub plots .
Materials and methods Experiments were conducted at Millville , UT ( ４１°３９ .４４′N , １１１°４８ .８８′W , １４０２ m ) . The soil is a
gravelly loam series . Plots (１ .５ m × １ .５ m , １ m aisles) were established in May ２００３ f rom transplants reared in a greenhouse ,and consisted of ２４ plants in a ５ × ５ square arrangement equally spaced (３０ cm apart) , w ith the center plant absent . Three plot‐types were randomly located with ３０ replicates : grass ( A gropy ron cristatum [ L .] ) , forb ( A chillea lanulosa [ Nutt .] Piper) ,and shrub ( A rtemisia tridentata var .wyomingensis [Beetle & A . Young] Welsh) . A disturbance treatment was applied in midNovember ２００４ to １５ replications by removing four plants from the １ m２ center of plots with a shovel to potentially increaseabove and below‐ground resources and create safe seed sites for the two invasive species . Plots were seeded an invasive annualgrass ( Bromus tectorum L .) and an invasive forb ( Isatis tinctoria L .) autumn ２００４ and ２００５ ( ４００ seeds per species) . Totalweed seedling density was determined in summer ２００５ and ２００６ . Total ( non‐weed ) shoot dry mass , soil nitrate and solarradiation (４００‐７００ nm) at the soil surface was determined for plots in summer ２００６ .

　 　 　 Figure 1 Mean ( ＋ １ SE) weed density in autumn .
( Lowercase letters indicate di f f erences ( P ＜ ０畅０１ ) .

Results Disturbance significantly increased weed density for allthree grow th forms except for A gropy ron in ２００６ ( Figure
１) . Within a treatment , weed density was less variable in
２００５ than ２００６ . Weed density also sharply increased between
２００５ and ２００６ in all plots except A gropy ron . In fact , weeddensity declined within disturbed A gropy ron plots during thestudy . In contrast , A chillea and A rtemisia plots had ２‐３ foldgreater weed density than A gropy ron . Total plot non‐weedshoot dry mass ( g ) of A chillea ( １９５７ ± ５４２ ) was lower ( P
＜ ０ .０１) than A gropy ron (４６０８ ± ５４２ ) , which was lower ( P
＜ ０畅０１ ) than A rtemisia ( １４ ,５９４ ± ５４２ ) . The disturbancetreatment did not consistently increase soil nitrate ( mg kg‐１soil) or solar radiation at the soil surface ( mol m２ s‐１ ) .However , A chillea plots had significantly greater ( P＜ ０畅０１)mean soil nitrate and solar radiation ( ５ .２ ± ０ .０５ and ３８２ ±

５０) than A gropy ron ( １ . ３ ± ０ . ０５ and ３５５ ± ５０ ) and
A rtemisia (０ .９ ± ０ .０５ and １５５ ± ５０) plots , respectively .

Conclusions The importance of disturbance to mediate weed invasion is clearly corroborated by our results . The capability of thelong‐lived perennial grass ( A gropy ron) to resist invasion appears to be associated with greater biomass productivity . Incontrast , high susceptibility to weed invasion of A chillea plots was due to significantly greater amounts of underutilized aboveand belowground resources (Davis et al . , ２０００) . Our results agree with the general contention that disturbance events increaseavailable resources or safe sites for weed invasion . Perennial grasses appear to be a necessary component of minimizingunderutilized resources . Our results also emphasize that managerial efforts to reduce the recurrence of disturbance events shouldbe a primary goal to reduce the impacts and prevent continual dominance of invasive annual species in the sagebrush‐steppeecosystems of the Great Basin .
ReferencesYoung , J . A . , Evans , R . A . , １９７８ . Population dynamics after wildfires in sagebrush grasslands . Journal o f Range

Management ３１ :２８３‐２８９ .Davis , M .A . , Grime , J . P . , Thompson , K . , ２０００ . Fluctuating resources in plant communities : a general theory ofinvisibility . Journal o f Ecology ８８ :５２８‐５３４ .
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The effect of annual weather on spring grass phenological development
G . Nagy and K . Pet迸
Department o f Rural Development , Centre o f A griculture Sciences , University o f Debrecen , H‐4032 Debrecen , H ungary ,
E‐mail : nagyg＠ agr .unideb .hu

Key words : temperate , phenological development , climatic conditions , primary grow th
Introduction Phenological development of grasses differ across years , and among species and their cultivars . This study wasconducted to compare phonological development among five grass species under field conditions during active spring grow th .These temperate C３ grasses include : Lolium perenne L . , Phalaris arundinacea L . , Bromus inermis Leyss . , Festuca
arundinacea Schreb . and Phleum p ratense L .
Materials and methods Pure stands of each species and their cultivars were grown on a highly fertility loam ( chernozem ) ;average climatic conditions ( last forty years) to the middle of June‐precipitation ２２７ .１ mm , T‐sum of mean daily temperatures
１２４４ .５ ℃ , sum of sunny hours per day ８８９ .２ hours . Individual shoots of grasses ( n ＝ ３０ ) were randomly selected from thepure stands and tagged with plastic ribbon . Phenological measurements were made ８ times in ４‐８ day intervals during the
primary grow th between mid‐April and early June . Data recorded on each shoot were : ex tended shoot height ( ESH) , numberof dead leaves per shoot ( NDL ; a leaf was considered dead if more than half of the leaf lamina from the tip was withered) ,lamina length ( LL ) of the live leaves . Calculations include : number of leaves developed per shoot ( NL ) , number of activeleaves ( NAL) per shoot , sum of active leaf lamina lengths per shoot ( SALL) , index of leafiness ( IL ) , ratio of SALL to ESH ,which is used as an indicator for the leafiness . Data were analyzed using SPSS sof tware .
Results and discussion The climate index for grass grow th ( Vinczeffy １９９１ ) showed weather differences across years ( Figure
１ ) . Annual precipitation had the greatest effect on grass grow th differences among years ( Nagy ２００７) . The experimental yearsmay be considered as rainy , somewhat rainy , extremely rainy and reasonably dry for ２００４ ,２００５ , ２００６ and ２００７ , respectively .Temperature conditions and the sunny hour accumulation were more balanced than rainfall in the experimental years . However ,both sum of temperature and sum of sunny hours were remarkably greater in ２００７ compared to the other experimental years .There were great significant differences in the mean phenological development of temperate grasses between experimental years
( Table １) . Phenological development of grasses was advanced in ２００６ , and remarkably depressed in ２００７ . The highest relativedifferences expressed as a percentage to the lowest value in the years were ８８％ , ３９％ , ４３％ , ５２％ , ９２％ and ４１％ for ESH ,NL , NDL , NAL , SALL and IL , respectively .

Figure 1 The climate index f or grass grow th .

Table 1 Results o f phenological development .
Mean ２００４ 帋２００５ �２００６ i２００７ 种Mean LSD５％

ESH ６７ ,０４ ＃６０ ,０８  ７８ ,８１ }４１ ,７６ 腚６１ ,９５ 倡 ４ ,９１ 槝
NL ６ ,８６ 帋６ ,３２ �７ ,０７ i５ ,０８ 种６ ,３２ 倡 ０ ,４３ 槝
NDL １ ,２４ 帋１ ,２７ �２ ,００ i１ ,３９ 种１ ,４７ 倡 ０ ,５６ 槝
NAL ５ ,６１ 帋５ ,０５ �５ ,０７ i３ ,６９ 种４ ,８５ 倡 ０ ,４４ 槝
SALL １１７ ,２６ 贩１０９ ,６８ $１０５ ,５３ 拻６０ ,８６ 腚９８ ,１１ 倡 １２ ,５９ �
IL ２ ,０１ 帋１ ,９３ �１ ,４２ i１ ,５６ 种１ ,７３ 倡 ０ ,３４ 槝

倡 P＜ ０ .００１

Conclusion During the spring grass phenological development is weather dependant .
Acknowledgement Research was financed by Hungarian National Scientific Foundation ( OTKA T０４２５０６ ) , meteorological datawere provided by the local institutional observatory . Special thanks to Prof . J . Lazányi for the statistical analysis of the data .
ReferencesNagy , G . , ( ２００７ ) . Spring phenological development of reed canary grass ( Phalaris arundenacea ) . Grassland Science in

Europe , Vol . １３ . ( in press) .Vinczeffy , I . , (１９９１) . Gyepgazdálkodási praktikum ,Debreceni Agrártudományi Egyetem ,Debrecen ,pp .４３‐４６ .
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Ecology of herbaceous legumes in the Fortescue River valley floodplain , western Australia
D .L . N icol and J .E .D . Fox
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au

Key words : population dynamics , herbaceous legumes , plant cover , floodplain , rainfall
Introduction In the Fortescue floodplain herbaceous legumes ( HL) are mainly taxa of Papilionaceae ( with one Mimosaceae) thatfail to develop woody stems and branches . Historical data from Curtin University ( MRC ) studies suggest that vegetationcondition is primarily dependent on the unpredictable ( though seasonal) influence of cyclonic rainfall and consequential flooding
( Fox et al . , ２００６ ) . Biomass production is known to increase with the presence of legumes in both pastures and nativeecosystems . Holm ( et al . , ２００２) suggests that productivity is more useful than diversity for determining the condition of aridecosystems/ pastures . Therefore , understanding the role of HL in the productivity of arid floodplains may enhance effective
pastoral management .
Materials and methods Between １９９２ and １９９４ , ６０ plots were established across the Fortescue floodplain to record informationon vegetation dynamics . These plots were spread across Ethel Creek (２２°５３′５６″S , １２０° ０１′１９″E) , Roy Hill (２２°３７′１８″S , １２０°
５５′２３″E) and Marillana cattle stations ( ２２°３８′S , １１９°２４′E) . The mean annual rainfall ( １９０７ — ２００６ ) at Ethel Creek is ２７６mm . The predominant vegetation types are Coolibah ( Eucaly p tus v ictrix ) woodlands with a grassy understorey and opengrasslands , both with cracking clay ( vertosols) soils . Plant density and cover have been recorded since studies began in １９９２ ,at least bi‐annually . In ２００６ assessments were conducted in May ( post summer) and August ( winter) . Each plot is ２０ × ２５ mwith angle iron pickets on each corner . The first transect ( ０‐２５ m) runs north‐south along the eastern boundary . The secondtransect (２６‐５０ m) runs parallel to transect １ through the plot centre . Quadrats of １ × １ m are assessed sequentially . All live
plants are identified with density ( no . of stems in the m２ ) and estimated percentage cover is recorded . The mean cover ( ％ )and density ( stems/m２ ) are then calculated for each species within each plot .
Results Total biomass of the floodplain is highly correlated to available moisture with an extreme very low mean cover of all
plots in April ２００５ of ＜ ０ .５％ and ～ ６５％ cover by May ２００６ ( data not shown) . In total , some ２１ taxa of HL have beenrecorded ( １９９２‐２００６) . Herbaceous legumes have occurred at all ６０ plots , but have not always been recorded at a particularassessment . Early in the study , herbaceous legumes were small contributors and grasses were mainly annual ( Figure １ ) .
Cullen cinereum is the most important HL accounting for a mean proportion of ６２ .８％ of total HL cover for ２００６ .

Figure 1 Proportion o f understorey cover ( ％ ) f rom 1992‐2006 o f all p lots assessed .

Conclusions Increased grow th of legumes has followed regionally higher rainfall across the study period . Legume grow th mayalso be contributing indirectly to an increase in grass biomass through nitrogen fixation and increased ground cover . This isassumed to be contributing to overall improved floodplain productivity . It may be concluded that the pasture condition of theFortescue floodplain has generally improved through the duration of the study . Research into patterns of herbaceous legume
grow th would confirm if and how these species actively contribute to enhanced productivity .
ReferencesFox , J .E .D . & Edwards , T .E . ２００６ . Annual report to BHP Billiton . Mulga Research Centre , Curtin University .Holm , A .M . , Bennett , L .T . , Loneragan , W .A . & Adams , M .A . ２００２ . Relationships between empirical and nominalindices of landscape function in the arid shrubland of Western Australia . J . A rid Env iron . ５０ , １‐２１ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]111　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Hydraulic lift through the root systems in Zygophyllum xanthoxylum
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Key words : arid ecosystem , desert plant , hydraulic lif t , water potential , transpiration
Introduction Water is the primary factor limiting plant grow th in arid ecosystems . Hydraulic lif t may be important in desertecosystems because this phenomenon may enhance or prolong uptake of water and nutrients through roots during periods ofwater stress . During hydraulic lif t , at night , water absorbed through deep roots in moist soil depths and transported into drysoils in upper portions of the profile , may increase the amount of water available to shallow roots . However , hydraulic lif t maynot occur in all plants . Our study was designed to investigate the phenomenon of hydraulic lif t in Zygophy llum xanthoxy lumand evaluate the effect of hydraulically lif t on plant water transpiration .
Materials and methods The desert shrub Z . xanthoxy lum were evaluated and two treatments ( shaded , unshaded) were applied .Plants were transplanted into a top and bottom split‐root apparatus in August ２００４ . The soil was the mixture of ７０％ finesandy loam soil ＋ ３０％ potting soil . Both top and bottom pots were irrigated regularly . On ２th June ２００７ , the top pots wereirrigated at ２５％ VWC ( volumetric soil water content) and then allowed to dry with the bottom pots continuing to receive waterto attain a VWC of １８％ ( TDR , Germany) . The pots were irrigated at １８ :３０ each day . Thus , when the VWC in top pots waslower than that in bottom pots , soil water potential in the top pots was monitored every ３ hours ( PSψPRO , America) . Thenone treatment was shaded from １８ :００ on ７th June to ９ :００ on ９th June , the other was not shaded . Meanwhile the top pots werecovered with plastic to prevent soil evaporation . Additionally , plant transpiration was measured at １２ :００ on ７th June , and from
９ :００ on ８th June to １２ :００ on ９th June ( LI‐６４００ ) . Shading was provided by four layers of black nylon mesh which reducedsolar irradiance by ８０％ .
Results Hydraulic lif t was detected at the top pots for both treatments ( Figure １) . Hydraulic lif t occurred at night from ２１ :００to ９ :００ at the next day , hydraulically lif ted water remains in the top pots until the transpiration reinstated from ９ :００ to ２１ :００ .For unshaded pots , water potential △ ψs ( △ ψs ＝ ψmax‐ψmin ) was １畅２４ MPa , and １畅０５ MPa in the shaded pots , significantlysmaller than that in unshaded treatment ( P ＜ ０畅０５ ) . Before shading and after the shading were removed , the planttranspiration rate increased from １畅３９ mmol H２ O m‐２ s‐１ to １畅７２ mmol H２ O m‐２ s‐１ at １２ :００ , whereas it remained relativelyconstant for plants in the unshaded pots ( Figure ２) .

Figure 1 Water potential in the top pots in di f f erent treatments .

Figure 2 Plant transp iration in di f f erent treatments .

Conclusions Our results suggest that hydraulic lif t was occurring in the desert shrub Z . xanthoxylum . The greater planttranspiration af ter remove of shading treatment may attribute to large hydraulic lif ted water by suppression of transpiration .Hydraulic lif t may be a plant adaptation to arid environments .
Acknowledgement This study was sponsored by the National Basic Research Program of China ( ２００７CB１０８９０３ ) and ChinaNational Natural Science Foundation (３０６７１４８５ ) .
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Effect of sowing and oversowing on species abundance in mountain pastures of central Italy
A . Pardini , F . Natali
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Introduction Large parts of Central Italy are mountainous and marginal due to climate constraints , shallow soils , steeped slopesand distance from main roads . Pasture productivity is low nonetheless of the agronomic advances , and farmers increase theirincomes by offering tourist services . Agro‐tourism is favoured by conservation of biodiversity ( Uncini Manganelli et al . ,
２００２ ) . Under this point of view , farmers seek low input techniques for pasture management that sustain the productivity and atthe same time conserve plant diversity ( Pardini , ２００２) . A trial was done to control what is the effect of sowing and oversowingon productivity and abundance of pasture species . This research has been fund by ARSIA of the Regional Government ofTuscany .
Materials and methods The trial took place from ２００４ to ２００７ in a mountain pasture (８３０ m asl , ４０％ slope) . We compared ３treatments :
１ .Native pasture ( control test , not changed) .
２ .Sown pasture ( sown in April ２００４ af ter ploughing at ２０ cm depth and then disk harrowing . Sowing mixture Lolium perenne(２５％ ) , Poa p ratensis (２５％ ) , T ri f olium repens (２５％ ) , Onobrychis v icii f olia (１５％ ) , Lotus corniculatus (１０％ ) , the totalseed quantity was ５０ kg / ha) .
３ .Oversown pasture ( seeded in April ２００４ af ter light disk harrowing . We seeded the same pasture mixture) .Measurements carried out were the following .
１ .Botanical composition ( linear analysis , plus a list of rare species found out of the lines) .
２ .Forage yield ( monthly cuts inside cages during the growing period April‐October) .
Results and discussion The number of plant species in oversown plots ( ４９ ) was not significantly higher than in native pasture(５２) , but it was lower in son plots (４１) , the species missing are mainly short ( Crocus albi f lorus , Taraxacum o f f icinalis ) ,most of them have biological importance and they are known as medicinal plants .
The biomass of the sown plots doubled in ２００４ in comparison to the native ( Table １) , it was high also in oversown plots . Thepositive effect terminated after ３ years in the sown plots and after ２ in the oversown plots .
Table 1 Biomass in native , sown and oversown pasture .

２００４ 洓２００５ 屯２００６ �２００７ 1Average
Sown ６  .０ a ５ F.７ a ４ x.５ a ３ *.４ a ４ �.９ a
Oversown ５  .０ b ３ C.７ b ３ u.４ b ３ *.２ a ３ 鼢.８ b
Native ３  .１ c ３ C.０ b ３ u.３ b ３ *.１ a ３ 鼢.１ b

Values that share same letters in columns are not significantly different at P＝ ０ .０５ .
Conclusions We conclude that the repetition of sowing practices can reduce the number of species ; on the other hand biomass isincreased for ２‐３ years maximum . Oversowing did not increase the biomass enough . The good management of native pasturewill be cheap and will favour the conservation of plant diversity and , in turn , support the development of the industry of ruraltourism . Sowing should be limited only to flat areas where there is only little soil erosion and there is deeper soil , in these areaswould be reasonable to repeat the sowing at ４‐５ years of distance and to change always sowing mixture introducing severalgrasses and legumes in order to help maintaining the diversity of plants .
ReferencesPardini A . , ( ２００２ ) . Mediterranean pastoral systems and the threat of globalization . Invited Paper , FAO‐CIH EAM X I

Meeting Mediterranean Pastures Network , Djerba ( Tunisia) .Uncini Manganelli R .E . , Camangi F . , & Tomei P .E . , ( ２００２ ) . Indagini farmaco‐botaniche in Garfagnana : il versanteAprano . In : ARS IA Ed .�L摧uso delle erbe nella tradizione rurale della Toscana" . ３ , ４９‐７８ .
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Genetic structure and AFLP variation of six native Festuca hallii (Vasey Piper) populations in
the Northern Great Plains of Canada
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Introduction Festuca hallii ( Vasey) Piper is a dominant native grass species in the Fescue Prairie of Northern Great Plains thathas undergone dramatic range reduction in the past century . However , little is known about the genetic diversity and structureof this species . Also , little effort has been made to assess the effectiveness of sampling in capturing genetic diversity in native
plant species . The objective of this study was to assess the comparative genetic diversity of plains rough fescue using AFLPmarkers .
Materials and methods Six F . hallii populations were collected from Prince Albert National Park , Batoche National HistoricalSite , Riding Mountain National Park , Macrorie , Kernen Research Farm and Turtleford . Three AFLP primer pairs wereemployed to screen ５２９ samples representing about ３０ samples each of reproductive tiller , vegetative tiller and seed collectedfrom each population . The gel images were scored as １ ( present) or ０ ( absent) . The scored bands were analyzed for the levelof polymorphism by counting the total number of bands and the number of polymorphic bands , and calculating the proportion of
polymorphic bands . The within‐population variation was calculated with respect to population as the average number ofpairwise differences within a population using AMOVA ( Excoffier et al . ２００５) . Mantel test and PCO analysis were conductedusing GenAIEx ６ .

Figure 1 Princip al coordinate analysis o f 529 indiv idual p lants ( A ) and the relationships between geographic and genetic
distance ( Phi statistic ) (B) f rom six Festuca hallii population as re f lected in the samp les o f rep roductive tiller .

Results A total of ３３０ polymorphic AFLP bands were scored for each sample and their occurrence frequencies ranged from ０ .０１to ０ .９９ and averaged around ０ .４７ . Comparisons of the three sample types in each population revealed more polymorphic bandsin the seed samples than the tiller samples , while the mean band frequencies were similar . AMOVA revealed more than ９０％ ofthe total AFLP variation resided within natural populations ( reproductive and vegetative tillers) and within seed samples . Only
０ .２％ AFLP difference was revealed among the three sample types . The tiller samples revealed not only the larger among‐
population variation than the seed samples , but also the significant associations of AFLP variation with population geographicdistances .
Conclusions A large number of polymorphic DNA fragments detected by three AFLP primer pairs show the utility of AFLP inassessments of genetic variability in F . halli . Different sampling methods captured different population structures . Thisfinding along with those of Fu et al . ( ２００４ ) suggests that different sampling methods may differ in the effectiveness ofcapturing genetic variation . Results from this study are significant for germplasm sampling for ex situ conservation , are usefulfor the germplasm development for pasture seeding , and should facilitate the management of fragmented fescue populations .
ReferenceExcoffier , L . , Laval , G . , and Schneider , S . ( ２００５ ) . Arlequin ver . ３ .０ : An integrated sof tware package for populationgenetics data analysis . Evol . Bioin f ormatics Online , １ , ４７‐５０ .
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Drought response of Trichloris crinita plants with different aridity history : water use , leaf
elongation and senescence
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Introduction An important part of the world presents arid climate . Investigating adaptive responses of plants to drought iscentral for genetic improvement and for ecological theory ( Endler , １９８６) . The aim of this work was to evaluate the effect thataridity , as a selective force , imprints over the drought response of plants of T richloris crinita , a forage native grass of theArgentinean Chaco Arido region .
Materials and methods We collected seeds of T richloris crinita plants from two sites with different aridity history : Dean Funes( humid site ,�H" ; mean annual precipitation ＝ ６２５ mm ) and Chepes ( arid site ,�A" ; m .a .p . ＝ ３２６ mm ) . In September ,
２００５ , ４０ experimental units ( two １０‐L pots with １ plant each one ＝ １ experimental unit ) per origin were established in acommon garden at INTA La Rioja Experimental Station . Twenty experimental units of each origin were randomly assigned toeach drought treatments : high watering level ( control , ３‐L / pot / week) and low watering level ( drought , １ .５‐L / pot / week) .T reatments were imposed from ３０ November , ２００５ to ４ January , ２００６ , in a randomized complete block design . Weekly wemeasured the volumetric soil water content ( SWC ) in ６ pots per origin and drought treatment combination , and the leafelongation rate ( LER) of the youngest leaf in a selected tiller per plant , for all plants . The percentage of senesced leaves ( PSL )in all the selected tillers was measured on ２８ December , ２００５ . Data were analyzed using ANOVA models , with the MIXEDprocedure of the SAS package ( SAS Institute , １９９６) .
Results In general , drought reduced LER and SWC for plants of both origins . Within the high watering level no differences inLER and SWC were observed for �H" and �A" plants ( Figure １ and Figure ２ ) . By contrast , differences were observed withinthe low watering level :�H" plants showed similar LER than �A" plants during weeks １ and ２ , but then �H" plants showedlower LER than �A" plants during weeks ３ to ５ ( Figure １ ) . Also ,�H" plants presented lower SWC than �A" plants duringweeks １ and ２ , but no differences were observed between�H" and�A" plants in weeks ３ to ５ ( Figure ２ ) . PSL of plants fromboth origins was also affected differentially by drought . Within the high watering level no PSL difference was observed between�H" and�A" plants (３０％ vs . ３３％ , respectively ) ; but within the low watering level ,�H" plants showed a greater PSL than�A" plants (６２％ vs . ４２％ , respectively ) .

Figure 1 Weekly v ariation in LER (mean ± SE) o f
p lants f rom humid ( H ) and arid ( A ) sites , as
af f ected by high ( ＋ ) and low ( － ) w atering levels .

Figure 2 Weekly v ariation in SWC (mean ± SE) on pots w ith
p lants f rom humid and arid sites , as af f ected by high and
low watering levels (symbols are equal than in Figure １ ) .

Conclusions Aridity , as selective force , conferred a differential drought resistance within the grass T richloris crinita . �H"plants were more affected by drought than�A" plants ( in LER and PSL ) . At low watering level ,�H" plants used water moreintensely during the two first weeks , depleting SWC faster than �A" plants . This could have contributed to the differencesobserved in LER and PSL between plants of both origins during the last three weeks .
ReferencesEndler , J .A . (１９８６) . Natural selection in the wild . Princeton University Press , Princeton , New Jersey , USA .SAS Institute (１９９６) . SAS /STAT software : changes and enhancements through Release ６ .１１ . SAS Institute , Cary , NorthCarolina , USA .
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Changes on floristic composition of Flooding Pampa rangeland by the use of glyphosate
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Introduction To increase winter forage production of native rangelands of Flooding Pampa , a technique based on spraying
glyphosate herbicide in late summer has been widespread during the last decade in this region . Glyphosate application eliminates
green vegetation growing in late summer , improving germination and establishment of cool season ( C３ ) annual grasses , thatenhaces winter forage and meat production . We postulate that this technique would negatively affects plants that vegetateduring summer , such as perennial grasses and legumes , decreasing floristic diversity and deteriorating the rangeland .
Materials and methods In a commercial farm located in the Flooding Pampa region , we selected １３ paddocks dominated by nativerangeland (３０‐１２０ ha each) and used them for cow‐calves operation . Five paddocks have never been treated with glyphosate and
other ８ paddocks have been treated with glyphosate in late summer from the last ５ years consecutively . In spring ( October‐November ２００６) and summer ( January‐February ２００７ ) , plant basal cover and species composition were estimated using thestep‐point method along five １０‐m‐long transects (２００ points per transect) randomly placed in each paddock . Plant species were
gathered in functional groups ( Jacobo et al . , ２００６) . Kruskal‐Wallis test by ranks was used .
Results Basal cover of C３ annual grasses in glyphosate‐treated paddocks was significantly higher than that of non‐treated ones
( Figure １( a ) and １ ( b) ) , showing the effectiveness of glyphosate application to enhance winter forage offer . Nevertheless ,
glyphosate‐treated paddocks achieved lower basal cover of C３ perennial grasses and warm season legumes in spring and summer( Figure １( a) and １( b) ) , which may be consequence of the deleterious effect of this systemic herbicide in late summer over thesefunctional groups , which are growing actively . Basal cover of C４ creeping grasses was higher in glyphosate‐treated paddocks in
summer ( Figure １( b) ) , consistently with the higher tolerance of Cynodon dacty lon , the main species of this functional group ,to this herbicide . Species richness was significantly lower in glyphosate‐treated paddocks respect to non‐treated ones ( ６ .８ vs .
１２ , p ＜ ０ .０１) , suggesting the reduction of vegetation diversity .

Figure 1 Basal cover ( ％ ) o f f unctional groups grow ing in sp ring ( a) and summer ( b ) . Functional groups : C3 AG : C3

annual grasses ; C3 PG : C3 perennial grasses , C4 TG : C4 tussock grasses ; C4 CG : C4 creep ing grasses ; W SLeg : w arm season
legumes ; CSLeg : cool season legumes and Forbs . 倡 倡 p ＜ 0 .01 倡 p ＜ 0 .05 .

Conclusions The technique of spraying glyphosate in late summer in native rangelands of Flooding Pampa reduces basal cover of
functional groups of great forage value and species richness , deteriorating this resource .
Referene
Jacobo E . , Rodr guez A . , Bartoloni N . , Deregibus VA , (２００６) . Rotational grazing effects on rangeland vegetation at a farmscale . Rangeland Ecology and Management , ５９ , ２４９‐２５７ .
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Applying multivariate analysis in semi‐steppe rangelands (Case study : steppe rangelands of Fars
province , Iran)
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Introduction This research has been done by using DCA and CCA ordination techniques and TWINSPAN as classificationmethod for determining the most important factors affecting the semi‐steppe rangelands vegetation structure in Fars province ofIran through ２４００‐２８００ m and determining ecological vegetation groups distributed in semi‐steppe rangelands .
Materials and methods In ILWIS GIS software the slope , aspect and final landforms of studied area were prepared . Vegetationsampling was done in １ m２ quadrats along four ３００ m . lengthwise transects and eight １００ m . widthwise transects in middle ofMay in ２００６ . For soil sampling , we use land form map and Sorenson similarity index . In general parameters such as soilstructure , tex ture ( clay , loam , sand) , organic carbon , EC , N , P , K , pH , CaCO３ and CaSO４ was measured in ０ to ３０ cm .Then all data in Pc‐Ord software were imported and analyzed by DCA , CCA , MRPP and TWINSPAN tehniques .
Results Using CCA and Montcarlo test in ２４００‐２８００ meters showed correlation of environmental factors to ordination axes asbeing shown in Table １ .
Table 1
Altitudinal st ratum Environmental factors Correlation( ％ ) Ordination axes
２４００‐２５００  Sand , Nit rogen ８４ 5.３ １ 父
２４００‐２５００  Slope ,Aspect ,EC ,Clay ,Silt ,K ,P ,Organic Carbon ８１ 5.８ ２ 父
２４００‐２５００  CaCO３ ,C / N ,Altitude ,Slope ,CaSO４ ,pH ６１ 5.７ ３ 父
２５００‐２６００  Altitude , Slope ,Aspect ,K ,Clay ８４ 5.９ １ 父
２５００‐２６００  EC ,pH , CaCO３ ,C / N ,Silt ８３ 5.３ ２ 父
２５００‐２６００  CaSO４ ,Organic Carbon ,N ,P ,Sand ７０ 5.５ ３ 父
２６００‐２７００  Aspect ,EC ,N ,K ,Clay ９５ 5.２ １ 父
２６００‐２７００  Altitude ,Slope ,CaSO４ ,EC ,C / N ,P ,Sand ９９ 5.３ ２ 父
２６００‐２７００  CaCO３ ,Organic Carbon ,Silt ９７ 5.３ ３ 父
２７００‐２８００  Altitude , CaCO３ ,Sand ８３ 5.１ １ 父
２７００‐２８００  Aspect ,EC ,Organic Carbon ,C / N ,P ,K ,Silt ７２ 5.２ ２ 父
２７００‐２８００  Slope ,CaSO４ ,pH ,N ,Clay ６０ 5３ 父

Conclusions The results are shown in Table ２ .
Table 2Altitudinal st ratum Ecological Group
２４００‐２５００  １ n.A rtemisia aucheri‐A stragalus arbusculinus

２ .S tachys in f late‐Euphorbia sp .
３ .A stragalus rhodecemius‐Gundelia tourne f or tii
４ .A stragalus arbusculinus‐A stragalus ce p halantus
５ .A stragalus cep halantus‐Thymus v ulgar

２５００‐２６００  １ n.A stragalus cep halantus‐A rtemisia aucheri
２ . H ertia angusti f olia‐A stragalus arbusculinus
３ . H ertia angusti f olia‐A stragalus mycranthus
４ . H ertia angusti f olia‐A rtemisia aucheri

２６００‐２７００  １ n.A rtemisia aucheri‐Phlomis orientalis
２ . Prangos f e rulacea‐S tachys in f lata
３ . Prangos f e rulacea‐A rtemisia aucheri
４ .A rtemisia aucheri‐Ferula ov ina
５ . Prangos f e rulacea‐Daphne mucronata
６ .Dap hne mucronata‐Ferula ov ina

２７００‐２８００  １ n.A my gdalus lycioides‐Dap hne muronata
２ .A rtemisia aucheri‐Ferula ov ino

ReferencesHill , M .O . ,(１９７９) .TWINSPAN‐A FORTRA N Program f or arranging multiv ariate data in an ordered two w ay table by
classi f ication o f indiv idual and the attributes . Cornell University , Department of Ecology and Systematics , Ithaca , NewYork .Ter Braak , C .J .F . ,１９８６ .Canonical correspondence analysis : a new eigenvector technique for multivariate direct gradientanalysis . [ J] . Ecology ６７ :１１６７‐１１７９ .
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Introduction Alfalfa ( Medicago sativ a L .) and tall fescue ( Festuca arundinacea Screb .) have ecotypes with different responsesto temperature . Hypothetically , combination of germplasm with different patterns of seasonal grow th might exhibit advantagesin radiation use efficiency ( RUEfa ) . In the Humid Pampa region , grass is the main species in these mixtures in winter .However , seasonal transition is crucial to study mechanisms of dry matter accumulation in mixtures with cultivars of differenttemperature responses . In this work , RUEfa of two alfalfa‐tall fescue mixtures are presented .
Materials and methods The experiment was carried out in Pergamino , Argentina ( ３３°５２′S ; ６０°３５′W) . The soil was typicalArgiudol . The treatments were a complementary mixture ( Cary ) : alfalfa moderately dormant and tall fescue Mediterraneanecotype and a competitive one (Cive ) :alfalfa short dormant and tall fescue north Europe ecotype . In each of two cycles of grow th(２００５ /０６ and ２００６ /０７ ) weekly measurements were taken at the end of winter , summer and autumn . Complete random designwas used ( n : ２ ) . In each period , leaf area index ( LAI) , above‐ground biomass ( AGB) , and intercepted photosyntheticallyactive radiation ( PARi) were determined . RUEfa ( Mj . m‐２ ) was estimated , as the slope of the AGB accumulated on PARi .LAI , AGB and PARi were analyzed by ANOVA Procedure of SAS System ( p ＜ ０畅０５) . Parameters estimators of RUEfa wereanalyzed by GLM Procedure .
Results LAI was higher in Cive mix ture than in Cary at the end‐winter . In autumn , value was higher in Cary than in Cive ( Table
１ ) . In autumn , PARi was higher in Cary mixture . RUEfa , was higher in Cive mixture in winter for cycle ２ ( y ＝ ８ .３ ＋ ３ .３x , r２
＝ ０ .８９ , p ＜ ０ .０１ and y ＝ ０ .９ ＋ １ .４x , r２ ＝ ０ .８６ , p ＜ ０ .００１ in Cive and Cary , respectively ) . RUEfa was higher for Cycle ２ insummer : Cive (６５ .８ ＋ ０ .８x , r２ ＝ ０ .５８ , p ＜ ０ .０１ and y ＝ ８２ .１ ＋ ０ .１x , NS , in Cive and Cary , respectively) . In autumn , bothmixtures had the same RUEfa (１７ .７ ＋ ０ .６x , r２ ＝ ０ .４０ , p ＜ ０ .０１ and － ２ .８ ＋ １ .６x , r２ ＝ ０ .７７ , p ＜ ０ .００１ , in Cycle １ and ２ ,respectively ) . The seasonal variations in RUEfa have been attributed to changes in the partition of carbon ( Browna et al ,
２００６) . For Cycle ２ at the end of winter and in summer , Cive had higher AGB than Cary .
Conclusions At the end of winter and in summer , when alfalfa was the main species in Cive , this mixture had higher RUEfavalues than Cary . This was due to a higher LAI and , probably , to a more favorable structure . In autumn , when Cary had higherPARi than Cive , treatments had the same RUEfa . The differences in favour of Cive in RUEfa were associated with higher AGB .In autumn , higher AGB in Cary was related to a higher PARi .
Table 1 LA I , PA Ri y AGB in two mix ture end‐w inter , end‐summer and end‐autumn . Cycles １ and ２

１ .

Cycle Season Date LAI PARi AGB
Cive Cary P ＜ Cive Cary P ＜ Cive Cary P ＜

Winter ９ / １９ 篌３ J.６ ２ 贩.５ ０  .０５ ５８ 舷７４ <NS １５３ +１０２ 槝０ 灋.０５
９ / ２６ 篌４ J.６ ４ 贩.０ NS ９１ 舷８１ <NS ２１３ +１９４ 槝NS

１ 殮Summer ３ / ６ 揶４ J.４ ４ 贩.１ NS ９２ 舷９１ <NS ２３５ +１６６ 槝NS
３ / １３ 篌４ J.５ ５ 贩.６ NS ９３ 舷９１ <NS ２９８ +３５４ 槝NS

Autumn ５ / ３０ 篌２ J.７ ３ 贩.２ NS ８８ 舷８９ <NS ８３  １０６ 槝NS
６ / ６ 揶３ J.２ ３ 贩.５ NS ９３ 舷９３ <NS ６７  １１０ 槝０ 灋.０５

Winter ９ / １２ 篌３ J.２ １ 贩.４ ０ �.００１ ５１ 舷６２ <NS ２０１ +５２ 儍０ 灋.０５
９ / １８ 篌４ J.８ ２ 贩.０ ０  .０５ ８０ 舷６６ <NS ９５  ３４４ 槝NS

２ 殮Summer ３ / ６ 揶５ J.４ ４ 贩.１ NS ７７ 舷８２ <NS ２２６ +１２７ 槝０ 灋.０５
３ / １３ 篌５ J.３ ３ 贩.８ NS ８２ 舷９４ <NS ２０３ +７０ 儍０ 灋.０５

Autumn ６ / ５ 揶３ J.０ ４ 贩.２ ０  .０５ ３５ 舷７０ <０ W.０１ ９８  １４１ 槝NS
６ / １２ 篌３ J.６ ３ 贩.７ NS s / d２ 痧s/ d２ ]１４３ +２１０ 槝０ 灋.０５

１ By simplicity , only the last two dates of measurements are shown . ２Bad weather conditions prevent measurements .
ReferenceBrowna , H .E . , Mootb , D .J . , Teixeirab , E . I . , ( ２００６ ) . Radiation use efficiency and biomass partitioning of lucerne( Medicago sativ a) in a temperate climate . European Journal o f A gronomy ２５ (４) , ３１９‐３２ .
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Productivity and persistence of Kura clover‐grass mixtures
P . Seguin1 and R . Drapeau2

1 Department o f Plant Science , Macdonald Campus o f McGill University , 21111 L akeshore Road , Sainte‐A nne‐de‐Bellevue ,
QC , Canada , H9X3V9 . E‐mail : philip pe .seguin ＠ mcgill .ca , 2 A griculture and A gri‐Food Canada , Soils and Crops
Research and Development Centre , Normandin , QC , Canada , G8M 4K3

Key words : botanical composition , Caucasian clover , persistence , T ri f olium ambiguum M . Bieb . , yield
Introduction There is currently a need for persistent forage legumes that could be used in permanent pastures of eastern Canada .Species currently used all lack persistence when grazed . Kura clover ( KC , T ri f olium ambiguum M . Bieb .) is a rhizomatousspecies which potential has been reported in several regions ( Laberge and Seguin , ２００５ ) . Exceptional persistence and highforage quality are characteristics making KC a good candidate for use in permanent pastures ( Laberge and Seguin , ２００５ ) . Anexperiment was established to compare KC and white clover (WC , T . repens L .) contributions to total forage yield in post‐seeding years when mixed with different grass species and determine if KC could be used to establish desirable legume :grassswards in permanent pastures of eastern Canada .

　 　 　 Figure 1 Forage y ield o f white clover ( a) and K ura clover ( b )
mix tures w ith grasses ( Normandin 2003 seeding ) ; SBG , smooth
bromegrass ; KBG , K entucky bluegrass ; T IM , timothy ; ORC ,
orchard grass ; TF , tall f escue ; MBG , meadow bromegrass ;
SSC , solo‐seeded clover .

Materials and methods Plots were established in
２００３ and ２００４ in Sainte‐Anne‐de‐Bellevue (４５°２５′N , ７３°５６′W) and Normandin ( ４８°５１′N , ７２°３２′W) , QC , Canada . T reatments included solo‐seeded KC and WC , and mixtures of each cloverspecies with smooth bromegrass ( SBG , Bromus
inermis Leyss) , Kentucky bluegrass ( KBG , Poa
p ratensis L .) , timothy ( TIM , Phleum p ratenseL .) , orchard grass ( ORC , Dacty lis glomerataL .) , tall fescue ( TF , Festuca arundinaceaSchreb .) , and meadow bromegrass ( MBG ,
Festuca p ratensis Schreb .) . Total forage yieldand clover , grass , and weed yield contributionswere determined from ２００４ to ２００７ inclusively .Plots were harvested approximately every ３０days , resulting in ３ or ４ harvests per year .
Results and discussion Results from a total of １４sites — years clearly demonstrate KC potential ineastern Canada . In the first post‐seeding year ,clover and total forage yield of KC and KC‐grassmixtures were similar or slightly lower than thoseof WC ( Figure １ ) . However , from the secondpost‐seeding year , yields were greater for KC andalmost all KC‐grass mixtures than similar WCtreatments . WC contribution to total forage yieldin mixtures was often negligible in the fourth
post‐seeding year , compared to almost ５０％ forKC . KC performed well with all grassesevaluated , best mixtures varying depending onthe site or year .
Conclusions KC potential for permanent pasturesof eastern Canada has been demonstrated . Werecommend the inclusion of KC in the list offorage species recommended for use in permanentpastures locally . KC could be considered analternative to white clover .
ReferenceLaberge , G . , Seguin , P . , ( ２００５ ) . Le trèfle Kura :une légumineuse pour p备turages permanents [ in French ] . Cahiers

A gricultures １４(５) , ４２９‐４３５ .
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The study of salinity and drought stress effects on three range species Agropyron intermedium ,
Avena barbata and Panicum antidotale from Iran
M .M .Shari f i K ashan 1 and Z .Tolui 2

1 Natural Resource A dministration o f H amedan , I ran .
2 Dep t . o f Biology , Faculty o f Sciences , Bu‐A li Sina University , H amedan , I ran . E‐mail : z tolui＠ yahoo .com
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Introduction Stress is considered to be a significant deviation from optimal conditions of life . The salinity is usually resulted indrought and most of the plants can tolerate a limited amount of salinity and drought , or else it will reduce the function of plantlinearly ( Jafari , ２０００) . Salinity inhibition of plant grow th is the result of osmotic and ionic effects and the different plantspecies have developed different mechanisms to cope with these effects (Munns , ２００２) .
Materials and methods This experiment was carried out in order to study the effects of drought and salinity stress on three rangespecies A gropy ron intermedium , A vena barbata and Panicum antidotale using a completely randomized design in ３ repetitionsof ３６ treatments totaling １０８ vessels in the greenhouse . Salinity stress was selected in the form of four salinity treatments ,including zero ( authentic) , ４０ , １２０ and ２００ millimolars . Salt solutions of NaCl ( ６０％ ) , Na２ SO４ （３０％ ） and CaCl２ （１０％ ）were used . Drought stress was selected based on irrigation at an interval of ６ , １２ and ２０ days . Two months duration of stresswas applied . During the test , some characters including : the stem and leaf dry matter , water potential in leaves and the percentof wilted leaves were measured .
Results and discussion ２０ days drought and １２０ millimolar salinity treatments have the most wilting . Quantity of the wiltedleaves of A vena barbata and Pancicum antidotale species are more than A gropy ron intermedium , which indicates it摧s moreadaptable in comparison with two other species . The water potential of the leaves is used for the plants tolerance againstdrought stress . The species under severe drought stress (２０ days) in comparison with the species under less stress ( ６ days )have higher osmotic potential . Figure １ shows that increasing drought stress could reduce the function and biomass of the stemand leaf . Increasing stress from ６ days to １２ days increases the loss intensity . Enhanced stress more than １２ days is noteffective in reduction of function . The most dry matter among the plant species is related to A vena barbata in ６ days droughttreatment and the least dry matter is related to A gropy ron intermedium in ２０ days drought treatment . In the three mentioneddrought treatments , A vena barbata has the most biomass and A gropy ron intermedium has the least biomass . Regarding Figure
２ , the salinity treatment doses not affect the oscillation of function significantly . Perhaps the plant can tolerate salinity until ２００millimolar concentration but more research is needed to demonstrate it . The information shows that A vena barbata has the mosttolerance and function against salinity while A gropy ron intermedium has the least tolerance and function against the salinity incompared with other treated species .

Figure 1 E f f ects o f drought stress on the dry
matter ( lea f and stem) .

　 　 　

Figure 2 E f f ects o f salinity stress on the dry
matter ( leaf & stem) .

Conclusions The drought and salinity could reduce the plant摧s biomass in short term . The plant would adopt itself with thiscondition and its grow th is reduced . Type and intensity of adaptation are different in species . The stress effect could beobserved on the leaves and their wilting increases . The cellular pressure reduction that resulted in water deficiency causes thereplacement of water potential with pressure . Thus more resistant plants have the most negative water potential . In conclusionamong ３ species , A vena barbata is the most resistant species , because it has the most dry matter , maximum of relativehumidity and negative water potential of leaves . But A gropy ron intermedium is less resistant and Panicum antidotale is theintermediate one . So A vena barbata is the most appropriate plant for cultivating in arid and semiarid areas .
ReferencesMunns , R . , (２００２) . Comparative physiology of salt and water stress . Plant Cell Env iron ２８ , ２３９‐２５０ .Jafari , M . , (２０００ ) . Salt soils in natural resource . Tehran University Publication , ２３‐２５ .
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Effect of soil and subhabitat differentiation on seedling establishment and growth of Acacia
melli fera subsp . detinens in a semi‐arid savanna of South Africa
G .N . Smit , M .G . H agos
Department o f A nimal , W ildli f e and Grassland Sciences , University o f the Free S tate , P .O . Box 339 , Bloem f ontein 9300 ,
South A f rica . E‐mail : smitgn .sci＠ u f s .ac .z a

Key words : allelopathic , bush encroachment , germination , grow th
Introduction A cacia melli f era subsp . detinens is commonly viewed as a problem plant . Total clearing of A . melli f era is thus acommon practice , but re‐encroachment of ten occurs . The objective of this study was to determine the dynamics of A . melli f eraseedlings grown in soil collected within three subhabitats : two areas under the canopies of mature A . melli f era trees , the firstclose to the main stem of the plant and the second approximately in the middle of the canopy and the third in open areas betweenthe canopies of the trees .
Materials and methods Soil and seeds of A . melli f era were collected near the town of Bray in the North‐West Province of SouthAfrica . The soil is sandy and extremely low in organic matter and mineral elements . Thirty plastic pots in a controlledenvironment were filled with soil and three randomly selected seeds were sown in each pot . The height of the seedlings wasmeasured every five days and after three months all the seedlings were harvested and measurements taken ( Table １ ) . ARandomized Complete Block Design was implemented and least significant differences ( LSD ) were calculated from theappropriate standard errors to estimate the significance of the differences between means .
Results Statistically significant ( P ＜ ０ .０５) differences in mean plant height , stem thickness and leaf dry mass of the seedlingsgrown in the soil close to the stem area in comparison to the other two subhabitats were observed ( Table １) . In all cases , thegrow th of the seedlings grown in the soil from the subhabitat close to the stem were more prolific , and this also applied to theother variables that did not differ significantly ( P ＞ ０ .０５) . The higher soil nutrient status , that occurred in relation to a specificspatial gradient from the stem base of the plants ( highest ) towards the open uncanopied areas ( lowest ) ( Hagos & Smit ,
２００５) , is considered to be responsible for these differences .
Table 1 Mean values o f the various pant grow th parameters o f the A . mellifera seedlings grown in soil collected f rom the
three di f f erent soil subhabitats . V alues w ith di f f erent letters in brackets di f f ered signi f icantly at P ＜ ０ .０５ .

Variable SH１ (SH２ 6SH３ DLSD P n CV ( ％ )
Plant height ( cm )
Stem thickness ( mm)
Number of leaves
Total root leng th ( cm )
Leaf dry mass ( g )
Stem dry mass ( g )
Root dry mass ( g )
Total plant dry mass ( g )

１０ 拻.７ ( a)
１ .８５９ ( a)
１４ .０ ( a)
７００ .０ ( a)
１５ .４ ( a)
１１ .９ ( a)
１６ .４ ( a)
４３ .７ ( a)

８ 垐.７ ( b)
１ .６２８ ( b)
１２ .０ ( a)
５６２ .０ ( a)
１０ .９ ( b)
９ .９ ( a)
１２ .２ ( a)
３３ .０ ( a)

９ 剟.３ ( ab)
１ .６０４ ( b)
１３ .０ ( a)
５３０ .０ ( a)
１１ .２ ( b)
９ .７ ( a)
１２ .２ ( a)
３３ .１ ( a)

１ 洓.５１８
０ .２１７
２ .４３４
１７４ .１
４ .０
３ .７
４ .６
１１ .７

＜ ０ 弿.０５
＜ ０ .０５
＞ ０ .０５
＞ ０ .０５
＞ ０ .０５
＞ ０ .０５
＞ ０ .０５
＞ ０ .０５

３０

３０

３０

３０

３０

３０

３０

３０ %

３０ ゥ.２１
２４ .７２
３６ .２８
５６ .３９
６４ .３０
６８ .１２
６７ .５９
６１ .６９

SH１ ＝ Soil from close to the tree stems , SH２ ＝ Soil from the middle of tree canopies , SH３ ＝ Soil from open areas .
Conclusions No allelopathic effect that inhibits the grow th of seedlings in soil from under the mature A . melli f era trees wasfound . Due to a higher soil nutrient status under the canopies of these trees , the cleared areas previously overspanned by theircanopies will provide the most suitable areas for the establishment and grow th of new seedlings . The removal of mature plantsmay thus promote rapid re‐encroachment , provided there are enough viable seeds .
ReferenceHagos , M .G . , Smit , G .N . , (２００５ ) . Soil enrichment by A cacia melli f era subsp . detinens on nutrient poor sandy soil in asemi‐arid southern African savanna . Journal o f A rid Env ironments ６１ , ４７‐５５ .
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Introduction Accidental , runaway veld fires will not only have a short‐term influence on productivity of the rangelandecosystem , but may also have a major residual effect on the next growing season , depending on subsequent climatic conditionsand post‐fire management ( Snyman , ２００３) . It was the objective of this study to estimate the short‐term impact of fire , whichis a normal phenomenon in the semi‐arid areas , on the sustainability of the ecosystem .
Material and methods The research was conducted in a semi‐arid summer rainfall ( annual average － ５６０ mm) region of SouthAfrica (２８°５０′S ; ２６°１５′E , altitude １３５０ m) . The study area is situated in the moist , cool Highveld grassland . Soils are mostlyfine , sandy loams . The research was conducted on six plots of ３ m × １０ m each , re‐applied every year on a new area ( on thesame soil form) , over a １０‐year period (１９９５ /９６ － ２００４ /０５ season) . Each plot was monitored only over a two year period . Thetreatments randomly applied , consisted of the burning ( head fire ) of a plot and a control without burning . The burningtreatment was applied each year at the end of August by which time the grass fuel was dry . Fuel load included the aboveground
phytomass as well as the litter just before burning . Seasonal regrow th was determined at the end of the growing season ( April)in each plot by clipping the plants in １０ quadrates ( １ m２ each , randomly placed) to a height of ３０ mm . The fuel load beforeburning and the season摧s rainfall following the burning were regressed on the seasonal production loss due to burning ( seasonalunburnt production minus regrow th of burnt grassland) .
Results and discussion The average aboveground phytomass production of the burnt and unburnt rangeland differed ( P ≤ ０畅０１ )from each other over the study period and ranged between １１２１ and ２６１４ kg / ha for unburnt rangeland and between ８１４ and
２１１０ kg / ha for burnt rangeland . Production losses due to fire , which is also a function of seasonal rainfall ( between ４１２ and
８６１ mm ) , varied between ２３８ and ４４４ kg / ha . The aboveground phytomass production loss due to fire ( kg /DM / ha ) isdescribed for one (１ ) and two (２) seasons after the fire , by the following multiple linear regression equations ( P ≤ ０畅０１) :

y ＝ － ９８ .１８ ＋ ０ .４４ x１ ＋ ０ ．０４ x２ （n ＝ １０) ; r ＝ ０ .８９ )
y ＝ ４７ .２２ － ０ .０６ x１ ＋ ０ ．１２ x２ ( n ＝ １０ ) ; ( r ＝ ０ .８８)

(１ )(２ )
Where y is the production loss due to fire , x１ is the seasonal rainfall ( mm) and x２ is the fuel load without burning ( kg /DM /ha) . The equation clearly indicated that the higher the fuel load before burning the greater the production loss due to fire .
Conclusions These significant relationships between effects of fire , rainfall and fuel load on phytomass production , based on １０
years of observations , can serve as a simple empirical model for managers to determine short‐term production losses due to fire .This information can also serve as a scientific guideline in estimating production losses in claims for damages suffered in cases ofnegligent rangeland fires .
ReferenceSnyman , H .A . , ( ２００３ ) . Short‐term response in productivity following an unplanned fire in a semi‐arid rangeland of SouthAfrica . Journal o f A rid Env ironments ５６ , ４６５‐４８５ .
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The rooting depth , root biomass and its vertical distribution regularity of alfalfa in different
growing years in Beijing Plain
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Introduction This research was aimed at finding the rooting depth , root biomass and its vertical distribution regularity of alfalfa( Medicago sativ a L .) in different growing years in Beijing Plain and providing evidence for the cultivation of alfalfa in thisarea .
Material and methods The soil profiles method ( Chen Bao‐shu ,et al .１９９１) was used for determining the rooting depth and rootbiomass of the Golden Empress alfalfa in different growing years in Beijing Plain .
Results and analysis The results were shown in Tables １ and ２ .

Table 1 The rooting dep th and root biomass o f al f al f a in di f f erent grow ing years in Bei j ing Plain .
Growing year ( year ) ０ 北.７５ １ 耨.２ ２  .５ ３ p４ 洓４ 棗.７５
Rooting depth( m ) １ 吵.２a １ 圹.６b ２c ２d １ a.８c ２d
Root biomass( MgDM / hm２ ) ２ 煙.９６a ４ 怂.７４c ６ 篌.３８d ３  .０５a ３ H.７８b １０ 殮.１１e
Note :Different small letters in the same row indicate significant differences at P＜ ０ .０５ .

Table 2 The root biomass rate in di f f erent soil layers o f di f f erent grow ing years al f al f a in Bei j ing Plain .

Soil layer
( cm )

Growing year ( year )
０ 父.７５ １ 拻.２ ２ l.５ ３ G４ !４ �.７５

０ ～ ２０ 倐７８ 後.３８％ ７０ 换.０４％ ６０ 晻.８１％ ６５ p.５７％ ６９ J.８４％ ７０ $.８２％
２０ ～ ４０ ǐ９ 父.８０％ １２ 换.０３％ １３ 晻.１７％ １６ p.７２％ １２ J.９６％ １３ $.４５％
４０ ～ ６０ ǐ７ 父.７７％ ８ 拻.４４％ ９ l.０９％ ６ G.８９％ ８ !.２０％ ８ �.１１％
６０ ～ ８０ ǐ２ 父.７０％ ４ 拻.４３％ ６ l.５８％ ３ G.６１％ ４ !.５０％ ３ �.９６％
８０ ～ １００ 栽１ 父.０１％ ２ 拻.９５％ ４ l.０８％ ２ G.６２％ ２ !.１２％ １ �.５８％
１００ ～ １２０ �０ 父.３４％ １ 拻.２７％ ２ l.８２％ １ G.６４％ １ !.０６％ ０ �.６９％
１２０ ～ １４０ �０ 拻.６３％ １ l.８８％ ０ G.９８％ ０ !.５３％ ０ �.５９％
１４０ ～ １６０ �０ 拻.２１％ ０ l.９４％ ０ G.９８％ ０ !.５３％ ０ �.４０％
１６０ ～ １８０ �０ l.４７％ ０ G.６６％ ０ !.２７％ ０ �.３０％
１８０ ～ ２００ �０ l.１６％ ０ G.３３％ ０ �.１０％

Discussion and conclusion Combined with the other scholastic摧s research , we reach the conclusion that the rooting depth ofalfalfa growing less than ２ .５ years increased annually , and that growing more than ２ .５ years were stable in Beijing Plain . Withthe growing year longer , the root biomass of the alfalfa increased year by year . The reason that the root biomass of alfalfa
growing ３ and ４ years were lower should be no fertilization . The rate of the alfalfa root biomass in different soil layer decreasedas the depth increased .
ReferenceChen Bao‐shu ,Fu Yi‐kun ,Zhang Pu‐jin ,et al , ( １９９１ ) . A Experiment and Practice Guide Book for Rangeland and forageScience .Lanzhou :Gansu Science and Technology Publisher .１９８ － ２０２ .
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Water requirement and water requirement rate of alfalfa in Bashang area
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Introduction The research was designed with purpose of revealing the water requirement and water requirement rate of alfalfa
( Medicago sativ a L) in Bashang area to provide scientific support for the water management of alfalfa in this area .
Materials and methods The large scale non‐weighing lysimeter method ( Cooperation group , １９９３) was used for determining thewater requirement and water requirement rate of Algonqin alfalfa sowed in June , ２００６ with a seeding amount １５ kg / hm２ and arow spacing ３０ cm in Bashang area in ２００７ . The lysimeter was made of mixed cement and bricks , with a capacity of ３ × ２ × １ .
６m . Sufficient water was supplied during the experiment period to avoid the alfalfa plants endangered by drought . This processis repeated for three times using three lysimets . The amount of precipitation , irrigation , seepage and water change amount insoil were measured . The formulas for the water change amount in soil , water requirement and water requirement rate are asfollow :
　 　 △ W ＝ １０ ∑ γi Hi (θi２‐θi１ ) (１ )⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
　 　 WR ＝ R ＋ I‐P‐ △ W (２ )⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
　 　 WRR ＝ WR/ T (３ )⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

In formula １ to ３ , △ W ,WR ,R ,I and P stand for water change amount in soil , water requirement ,seepage , irrigation and
precipitation with the unit mm , respectively . γi stand for soil bulk density with the unit g/cm３ .θi１ &θi２ stand for the soil watercontent at the beginning and the ending of the calculation time with the unit ％ , respectively .WRR stand for water requirementrate with the unit mm/ d . T stand for time with the unit d .
Results and analysis The results were shown in Table １ .
Table 1 The water requirement and water requirement rate o f al f al f a in Bashang area .

Harvest No . １ 梃２ 哌１ ～ ２ 痧
Water requirement( mm) ５０３ 梃.８ １８０ 哌.１ ６８３ *.９

Water requirement rate ( mm /d) ７ 汉.８ ３ 北.２ ５ |.６

Discussion and conclusion The range of water requirement and water requirement rate of alfalfa around the world is about ４００ －

２２５０ mm and ３ － ７ mm/d , respectively ( Sun Hongren , et al , ２００５ ) . Bashang area belongs to the area with low waterrequirement and high water requirement rate .
ReferencesCooperation group , ( １９９３ ) . Study on the isogram of main crop water requirement in China . Beijing : China AgriculturalScience and Technology Publisher . ８‐１０ .Sun Hong‐ren , Liu Guo‐rong , Zhang Ying‐jun ,et al , ( ２００５ ) . Water requirement , water consumption , water requirementrate , water consumption rate and water use efficiency of alfalfa . A cta Prataculturae Science , ２２(１２) :２４‐３０ .
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Alien plant invasions of Jinfo Mountain National Nature Reserve — identifying and implying
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Introduction Jinfo Mountain National Nature Reserve ( JMNNR) , located in the Range of Dalou and covering an area ofapproximately １３００ ha and ranging in elevation between ３４０ and ２２５１ m , Chongqing , China , contains a diversity of plantspecies (５９００ ) including subspecies and variation ( Han et al . , ２００６ ) . Though many of the plant species in the reserve arenative , there are many harmful exotic species which were identified to have been invading the local vegetation . Unfortunately ,little attention has been given to prevent and control the of exotic plant species . The objectives of the project were firstly toidentify these exotic plant species and then to discover the degree and severity of the invasions , and finally to reveal the way ofinvasion .
Materials and methods Twenty‐four plots were selected randomly at of ８４０ m , １３４０m , １８４０m and ２２５１m elevation ,respectively . Each plot was further decided by ３ degrees of serious destruction , light destruction and no destruction inJMNNR . The plots were designed in the area of ４００ m２ (２０ m × ２０ m) for arbor , ２５m２ (５ m × ５ m) for shrub and １m２ (１ m ×

１ m) for herbage , respectively . Each main ４００ m２ plot consisted of one ２５ m２ subplot and three １ m２ subplots . All subplotswere selected randomly . The parameters of elevations , watershed orientation , soil development , history of disturbance of the
plots and subplots in which these exotic plant species were found were recorded . And the cover percentage and average heightof present vegetation were also recorded . In addition , invasive plant species were investigated through ３ line transects , １００ mlong and ２０ m wide . The invasive species encountered within each transect were recorded .
Results A total of ６２ exotic plant species were identified and in which ９ exotic plant species were found in １５ sampling plots ofthe total plots investigated , and all of the exotic plant species were found within the line transects . Miscanthus f loridulus( Labill .) Warb . was discovered to be one of the most seriously invasive plant species , and was discovered at almost all theplaces where mankind had reached . Fif ty percent of the total invading exotic plant species were intentionally introduced ( II) .Twenty three percent were spontaneous invasion ( SI) . Aimless introducing ( AI) and unknown invasion ( UI) invading exotic
plant species were nineteen percent and eight percent , respectively ( Figure １) . While the most seriously invading plant species‐
Miscanthus f loridulus ( Labill .) Warb . was UI .

Figure 1 The invading w ay o f exotic p lant species in JMNNR .

Conclusions Invasions of exotic plant species in JMNNR was seriously , and what is dangerous is that the invasive way of theserious invasive plant species was unknown . Research and sustainable works need to be done in the future .
ReferenceHan feng , Lin Maoxiang , Xiao Yijie , and Liu Zhenyu , ( ２００６ ) . Plant resources of Jinfo Mountain . L ishiz hen Medicine and

Material Medical Research .１７ (３) ４８３‐４８４ .
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The state of forage germplasm resources in Yunnan province
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Introduction The abundance of forage germplasm resources in Yunnan province was determined by its complicated natural
geography . The natural geography and abundance ratio and distributing of forage germplasm resources in Yunnan grasslandwas described in this paper .
Natural geography , forage germplasm resources and Composing of grass communities of Yunnan Yunnan province was located
２１°９′‐２９°１５′ northern latitude and ９７°３９′‐１０６°１２′ eastern longitude . Most parts of it belong to southern of subtropic area andnorthern of tropic area while little of it belongs to temperate area . Yearly rainfall averages １１００ mm , with over ８０％ falling inJune — October . Total of １５ .２７ million hm２ grassland in Yunnan province and １１畅８７ million hm２ of the grassland was available ,which was about ３０％ of the land in Yunnan province . Yunnan province was abundant in grassland resources . １１ grasslandforms and more than １５０ grassland types were involved . There were about ４９５８ vegetations in Yunnan grassland , with about
３２００ vegetations are available forage species . Among of them ３２０ species belong to grasses , ２８４ species belong to legumes and
１５２ species belong to sedges . ９４ species and ５２３ varieties of forage were introduced from foreign countries( Kuang chong‐yi etal . , ２００５) . Main grassland forms and the composing of forage communities in Yunnan grassland were shown as follows ( Table
１) .
Table 1 Composition o f f orage communities in Yunnan grassland .
Forage species&grassland forms Grasses Legumes Sedges Hybridforages Arbor , shrub andundershrub
Hill tussock １３ U.８９ ５ *.５６ ０ -３３ 葺.３３ ４７ *.２２
Hill and velly tussock ２４ U.７３ １０ 刎.７５ ９ -.６０ ３０ 葺.１１ ２４ *.７３
Fluvialvelly thicket ２４ U.５９ １０ 刎.６６ ２ -.４６ ２５ 葺.４０ ３６ *.８９
Mountane thicket and tussock ２０ U.００ ４ *.３９ ２ -.４４ ５５ 葺.１２ １８ *.０５
Mountane savanna ２１ U.５０ ７ *.８９ ５ -.０６ ４５ 葺.１９ ２０ *.３５
Mountane meadow １６ U.６７ ５ *.７５ ５ -.７５ ７０ 葺.１０ １ �.７２
Subalpine meadow １４ U.０８ ５ *.６３ ４ -.２３ ７４ 葺.６５ １ �.４１
High and cold meadow ４ '.７６ ０ *２８ [.５７ ６６ 葺.６７ ０ �
High and cold moor meadow １２ U.９０ ３ *.２３ １６ [.１３ ６７ 葺.７４ ０ �
Mean １７ U.００ ５ *.９８ ８ -.２５ ５２ 葺.０４ １６ *.７１
Ratio ２ '.８ １ *.０ １ -.４ ８ �.７ ２ �.８

ReferenceKuang Chongyi ,Kui Jiaxiang ,Xue Shiming & Zhou Ziwei , (２００２) . The function of forage germplasm resources indevelopment of Yunnan pasture stockbreeding . Yunnan Journal o f A nimal Science and Veterinary Medicine , ２３‐２５ .
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Rehabilitation of grasslands through perennial grass recruitment within existing swards
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Introduction Phalaris ( P . aquatica) is an introduced C３ grass species , widely sown in southern Australian temperate regions .Phalaris is drought tolerant , can withstand extended periods of heavy grazing , performs well in poorly drained and waterloggedsoils , and provides good quality grazing for all types of livestock . Phalaris is known to produce large quantities of seed , butlittle recruitment within phalaris stands has been reported ( Lodge , ２００４) . When stands thin , encouraging natural recruitmentcould be more cost‐effective than resowing grasslands . The low natural recruitment of phalaris has been attributed tocompetition from annual grasses and legumes , preventing the weak phalaris seedling from establishing , and to a high level ofseed harvesting by ants . The ideal microsites for recruitment are poorly understood . It is often noted that phalaris spreadsnaturally along roadsides in south‐eastern Australia though the mechanisms are not understood . This paper presents findings onthe recruitment of phalaris within existing pastures .

　 　 Figure 1 Initial emergence o f phalaris seedling across
treatment combinations in March ２００７ .

Materials and methods A factorial combination of seeddelivery mechanisms ( A１ : uncut , A２ : cut & remove ,A３ : slash & leave) , seed addition ( B１ : nil , B２ : ＋seed , B３ : ＋ insecticide) and site preparation ( C１ : nil ,C２ : light scarifying , C３ : ＋ herbicide ) were used .Seedling numbers were recorded ２ weeks after asignificant rainfall event ( ５０mm over ２‐３ days ) andmonitored for survival ６ , ２４ and ４８ weeks after firstemergence .
Results and discussion Highest seedling numbersresulted from the nil intervention control , where
phalaris was allowed to flower , set seed and to remainstanding ( Figure １ ) . Cutting the tall grass and eitherremoving the cut material or leaving it on the soilsurface failed to achieve as many seedlings . The uncuttreatment could result in slightly lower vapour pressure

　 　 Figure 2 E f f ect o f ( a) bare ground and ( b ) dry matter on
seedling numbers /m２ . L ines o f best f it using all treatments
were signi f icant .

deficits compared with cutting and leaving the herbagemass on the surface . This suggests that the micro‐climate at micro‐sites where seedlings establish may beinitially more important than competition for soilmoisture and nutrients , for this species under dryconditions . That view was supported by regressionanalysis ( assuming Poisson distribution) which showedthat less bare ground and greater herbage mass resultedin more seedlings ( Figure ２ ) . Seedling survival wasthough poor due to drought conditions over the next
year .
Conclusions Leaving swards undisturbed may be
preferable to slashing and building up a layer of litteron the ground for recruitment of new phalaris plants .This affect may arise from subtle changes in humidityat ground level ; changes that are very difficult tomeasure . Conditions for ideal seedling emergence maydiffer from those for seedling survival .
ReferenceLodge , G . M . , (２００４) . Seed dormancy , germination , seedling emergence , and survival of some temperate perennial pasturegrasses in northern New South Wales . A ustralian Journal o f A gricultural Research . ５５ , ３４５‐３５５ .
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Ordination of plant communities at Nazlochai Basin in West Azarbaijan rangelands of Iran
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Introduction One of the problems associated with community structure is how the spatial pattern of organisms in the communityrelates to the interaction of organism with the environment . Ordination is the technique of arranging unites ( for example , foreststands) in a uni‐or multidimensional order in such a manner that the position of each unit along the axis or axes conveys themaximum information about its composition or relationship with the other units . Ordination is based on the assumption thatcommunity composition varies gradually over a continuum of environmental conditions . For this reason community can not beclassified in discrete units ; rather the form a continuum changing in composition and structure over environmental gradients
( temperature , elevation , soil , and so on) ( Grieg‐Smith , １９８３ and Dyksterhuis , １９８５) .
Material and methods In this study , plant communities distinguished at the rangelands by using of physiogonomic‐floristicmethod ( Table １) .The relationship between plant communities determined by using of ordination and calculation of Bray‐Curtisindex . Location of each plant community on axes , determined by Beal摧s method and relationship of them has showed in thedimension place ( Figure １) .
Table 1 Communities composition and importance values f or species .
Species Importance values( IV ) 倡 倡 for plant communities

１ 9２ 创３ 0４ �５ (６ ＃７  ８ 洓９  １０ |
A rtemisia seber i . ８２ $.４ ４３ 牋.９ ７３  .５ ６３ 槝.５ ３５  .５ ９３ 弿.０ ７５  .４ １０１ |.２ 倡 １１４ �.１ 倡 １１０ H.３ 倡

Kochia p rostrate . ３３ $.４ ３８ 牋.５ ３０  .２ ０ �２７  .６ ４２ o.５ 倡 ３１  .０ ４１ g.５ 倡 ３２  .５ ３９ S.９
S tip a barbata . ３７ $.９ ４０ 牋.５ ３７  .０ ０ �２８  .９ ５１ o.９ 倡 ３９  .４ ０ 洓３６  .３ ２９ S.４
Bromus tomentellus . ２９ $.７ ０ 创２１  .５ ２４ 槝.７ ０ (１７ 弿.９ ３０  .２ ０ 洓３０ 沣.８ 倡 １０ S.４
A grop y ron aucheri . ２４ $.０ ３２ 牋.９ ０ 0３１ 槝.０ ３２  .９ ０ ＃２６  .７ ３６ 噰.７ ０  ２８ S.９
Acanthophyllum microcepalum . ３６ $.２ ３６ 牋.８ ３５  .３ １４ 槝.２ ６ �.７ ０ ＃３１  .２ ２１ 噰.０ ３７ 沣.５ 倡 ２７ S.６
Poa bulbosa . ５６  .３ 倡 ５１ 牋.９ ４９  .７ ３０ 槝.２ ０ (４０ 弿.５ ５７ 腚.６ 倡 ３０ 噰.４ ５９ 沣.３ 倡 ４０ S.１

倡 倡 Impotance value is the sum of relative , density ,e frequency , and dominance for each species .
倡 Dominant species .
Results and discussion According to the results ; plant community , specially numbers ４ and ５ , are distinguished by somedifferent characteristics such as density , frequency , dominance and diversity ( Figure １) .

Figure 1 A n ordination graph f or the １０ p lant communities described in Table １ .

Conclusions Application of quantitative methods to recognition of plant communities is a one of the most fundamentalrequirements for management of rangelands . The use of ordination methods are really important due to deficient of rangecondition methods ( Foran , １９８６) .
ReferencesDyksterhuis , E .J . , (１９８５) . Follow‐up on range sites and classes as based on quantitative ecology . [ J] . Rangeland , ７ ,１７２‐

１７３ .Foran , B .D . , ( １９８６ ) . Range management and monitoring in arid lands : The use of classification and ordination in rangesurvey . [ J] . Env iron . Manage . , ２２ , ６７‐８４ .Grieg‐Smith , P . , (１９８３ ) . Quantitative plant ecology . ３th ed . , Blackwell Scientific Publications , Oxford , England .
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Prescribed burning based on range condition in the Okavango Delta Ramsar site in Botswana ,
Africa
W .S .W . T rollope , L .A . T rollope , C .de B . A ustin & A .C . Held
Working On Fire‐International , 38 Durban Street , Fort Beau f ort , 5720 , South A f rica . E‐mail : w in f ire＠ p rocomp .co .z a

The Okavango Delta located in north western Botswana in southern Africa is one of the world摧s largest remaining inland wetlandecosystems that is protected under the Ramsar Convention . The frequency and severity of fires are perceived to be a threat tothe conservation and wise use of the Delta and provided the motivation for the formulation of a fire management plan for thearea . The vegetation in the Ramsar Site comprises the Permanent and Seasonal Swamps and Burkea , Mopane and A cacia
Woodlands . The development of simple and practical quantitative criteria describing the ecological condition of the vegetationthat could be used to identify areas that should be considered for prescribed burning was an important requirement for the firemanagement plan and comprised the following guidelines :
１ .Burning is ecologically acceptable if the grass sward is in a climax and/or sub‐climax stage dominated by Decreaser and/ orIncreaser I grass species as a means of maintaining the biodiversity and potential of the grass sward to produce grazing for bothdomestic livestock and wildlife . When in this ecological condition the grass sward is resistant to the negative effects of thisextreme form of defoliation . Conversely burning should not be applied when the grass sward is in a pioneer condition dominatedby Increaser II grass species in order to allow it to develop to a more productive and species diverse stage dominated byDecreaser grass species ( T rollope , １９９９) .
２ .Burning is ecologically acceptable , if the grass sward is in a moribund and/or unpalatable condition , as a means of restoringthe vigour of the grass sward and allowing new nutritious regrow th to occur . Field experience indicates that when the standingcrop of grass ≥ ４ ０００ kg / ha in African grasslands and savannas then the grass sward has become moribund and/ or unacceptableto grazing animals and needs to be defoliated by burning or some other means ( T rollope , １９９９) .
While no techniques were available for assessing the condition of the Permanent Swamps results of field surveys in the othervegetation types showed that the Seasonal Sw amps and portions of the Burkea Woodlands were the only vegetation units thatshould be considered for controlled burning , based on the proportion of Decreaser and/ or Increaser I grass species . In terms ofgrass fuel loads , only the Seasonal Swamps had extensive areas where the grass sward was in a moribund condition and shouldbe considered for controlled burning .
An assessment of the Permanent Swamps dominated by extensive communities of Cy perus p apy rus ( papyrus) and Phragmites
sp p . ( reeds) indicated they had extremely high fuel loads capable of generating high intensity fires but were highly resistant toburning because the growing points of the plants are either inundated by water or are growing in moist soil . While it can beaccepted that fire is a natural and necessary factor of the environment in this vegetation type , research is necessary to provideinformation for formulating a fire regime suitable for management purposes in this plant community .
ReferencesT rollope , W .S .W . , (１９９９) . Veld burning in different vegetation types : Savanna . In : N .M . Tainton . Veld Management inSouth Africa . University Natal Press , Pietermaritzburg , ２３６‐２４２ .T rollope , W .S .W . , T rollope , L .A . , Austin , C .de Bruno , Held , A .C . , Emery , A . , Hines , C .J .H . , ( ２００６ ) . A firemanagement plan for the Okavango Delta Ramsar Site in Botswana . Final Report . Dept . Forestry & Range Resources ,Botswana Government , Gaberone , Botswana : １‐２０７ .
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Forb responses to varying grazing regimes in Australian native temperate grasslands
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Introduction Australian temperate grasslands have been subjected to extensive clearing for agricultural and urban developmentfor over １００ years . They are now one of the most endangered ecological communities in Australia . Forbs , non‐woody plantsother than grasses , sedges and rushes , contribute significantly to the species richness of native grasslands . They have been
particularly depleted in fertilised grasslands used as pasture . While livestock grazing has been a major driver in the decline ofnative grassland quality and extent ( Garden et al . ,２００３) , strategic resting from grazing can be used by land managers to targetvulnerable or strong life history phases of unfavourable and favourable species ( Ash and McIvor １９９８ ) .
Materials and methods In July ２００３ an open communal grazing design was established at three sites across south westernVictoria ( Kemp and Dowling ２０００ ) . The exclosures were divided into １８ plots ( each １５ m × １５ m ) , composed of threereplicates of six grazing‐rest treatments : no rest , alw ays rested , removing sheep during the winter ( w inter rest ) , removingsheep during the spring ( sp ring rest ) , removing sheep in the summer (summer rest ) and removing sheep in the spring &summer ( sp ring‐summer rest ) . In spring ２００６ forb richness was measured in each treatment plot by searching for about ３０minutes to produce a forb species list . Responses to treatments were analysed using analysis of variance . We used amultiplicative model which included site and treatment as explanatory variables . We included a site‐treatment interaction termas an explanatory variable accounting for when the effect of treatment differed according to site .
Results and discussion Forb richness was most significantly correlated with site ( mean ＋ /‐s .e . , n ＝ １８ : １７ ＋ /‐１ , １３ ＋ /‐０ .５ ,
１２ ＋ /‐０ .８) . The sites had similar management histories of no cultivation , fertiliser or exotic species sowing and had not beenburnt for at least ６０ years if ever . Although stocking rates were supposed to be similar throughout the experimental period thiswas not the case . The site with the highest stocking pressure experienced the largest deficit in terms of average rainfall .Perhaps not surprisingly this was also the site with the lowest species richness . The site with the highest species richness hadmedium stocking pressure , received its typical rainfall in the previous years but most importantly was surrounded by largerremnants of higher quality grassland .
Resting pastures in spring resulted in the highest species richness . This reflects a trade‐off between allowing species to growand reproduce in spring while disallowing over‐dominance by a few strong species . Complete rest from grazing resulted in highlevels of species richness at only site due to disruption of the treatment at the other two sites by burrowing native rats ( Rattus
lutreolus) . T reatment plots that were never rested from grazing had the fewest species .
Conclusions Overall site richness was a result of interactions between landscape factors such as distance to seed sources as wellas local factors such as stocking pressure and rainfall . Resting pastures from grazing , particularly in spring , resulted in highernumbers of native forbs species .
ReferencesAsh , A . J . , McIvor , J G . (１９９８) . How season of grazing and herbivore selectivity influence monsoon tall‐grass communitiesof northern Australia . Journal o f Vegetation Science ９ , １２３‐１３２ .Garden , D . L . , Ellis , N . , Rob , M . , Langford , C . , Johnston , W . , Shields , C . , Murphy , T . , Holmberg , M . ,Dassanayke , K . B . , Haden , S . ( ２００３ ) . Fertiliser and grazing effects on production and botanical composition of nativegrasslands in south‐east Australia . A ustralian Journal o f Ex perimental A griculture ４３ , ８４３‐８５９ .Kemp , D . R . , Dowling , P . M . ( ２０００ ) . Towards sustainable temperate pastures . A ustralian Journal o f Ex perimental

A griculture ４０ , １２５‐１３２ .
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Overgrazing affects arbuscular mycorrhizae diversity and abundance in Patagonian steppe
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Introduction Arbuscular mycorrhizae fungi ( AMF) are critical for survival of most plants in arid ecosystems ( Titus et al . ,
２００２) . This also might be true in the case of Patagonian steppe , which faces desertification processes mainly as a result ofovergrazing (León y Aguiar １９８５ ) . AMF diversity is affected by plant diversity ; if the latter decrease it is expected that theformer would do the same ( Johnson et al . , ２００３ ) . Losses in plant cover and substitution of palatable species by unpalatableones are overgrazing consequences in the Patagonian steppe . Therefore , the effects of overgrazing on the AMF community wereevaluated in the Patagonian steppe .
Materials and methods AMF spore abundance and diversity were evaluated in Patagonian steppe in ungrazed , moderately grazedand overgrazed plots . Soil samples were taken from the rhyzospheric soil of the more conspicuous Patagonian steppe grasses
( palatable Bromus p ictus and Poa ligularis , less palatable Stipa speciosa and unpalatable Stip a humilis ) and under bare soilpatches . Spores were extracted by the methods of Gerdeman and Nicholson (１８６３ ) and Walker et al . ( １９８２ ) . Fungal densitywas considered as total spore number per １００ g of soil . Fungal specific spore density was quantified to calculate the biodiversityindex Shannon‐Weaver , H . T rap cultures were made for spore identification .
Results and discussion AMF spore abundance in general was highest in the ungrazed plots and lowest in the overgrazed ones .AMF community associated with S .humilis was less affected by grazing and showed a higher AMF spore abundance undermoderately grazed conditions . AMF fungal diversity was highest in ungrazed and moderately grazed plots and lowest inovergrazed plots . Glomaceae familly was dominant in all sites and Gigasporacea family disappeared in the overgrazed sites .
Pacispora sp . was present in all sites and it was the first time ever it was found in an Argentinian ecosystem .

Figure1 Number o f spores /１００ g soil in the rhizospheric soil
o f B .p ictus (BP) , P .ligularis ( PL ) , S .speciosa (SS ) , S .
humilis ( S H ) and Bare Soil ( BS ) ; in ungrazed ,
moderately graz ed and overgrazed p lots .

　 　 　

Figure 2 AMF spore biodiversity index
(Shannon‐Weaver ) , H . Under ungrazed
(UG ) , moderately grazed ( MG ) and
overgraz ed (OG) conditions .

Conclusions Overgrazing may alter the ecosystem functioning of the Patagonian steppe not only by reducing the plant cover butalso by reducing AMF abundance and diversity , thus increasing the process of desertification
ReferencesGerdeman , J .W . y Nicolson , T . H . ( １９６３ ) . Spore of mycorrhizal endogene species extracted from soil by wet sieving anddecanting . T rans . Brit Mycol . So . ８４ :６７９‐６８４ .Johnson , D . , Vandenkoornhuyse , P .J . , Leake , J .R . , Gilbert , L . , Booth , R .E . , Grime , J .P , Young J .P .W . , Read , D .J . , ( ２００３ ) . Plant communities affect arbuscular mycorrhizal fungal diversity and community composition in grasslandmicrocosms . New Phytol . １６１ : ５０３‐５１５ .León ,R .J .C . ,Aguiar ,M .R .(１９８５ ) .El deterioro por uso pastoril en estepas herbáceas patagónicas . Phyt , １３(２) :１８１‐１９６ .Titus , J .H . , and R . Del Moral , ( １９９８ ) . Vesicular‐arbuscular mycorrhizae influence Mount St . Helene pioneer species ingreenhouse experiments . Oikos ８１ : ４９５‐５１０ .Walker ,C . , Mize ,CW , McNabb ,HS .( １９８２ ) . Populations of endogonaceous fungi at two locations in central Iowa . Can . J .Bot .６０ :２５１８‐２５２９ .
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Studies on transgenic wheatgrass of exogenous CBF4 gene
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Introduction After transgenic hybrid wheatgrass ( A grop ron cristatu × A .desertorum cv .�Hycrest‐Mengnong�) of CBF４ hasbeen obtained , the transformation and copy number were detected by Southern blot . The exogenous gene has been integratedinto the genomic DNA and inserted into the chromosome of receptor cells by multicopy integration . Exogenous gene fragmentshave been transferred into �ycrest‐Mengnong�wheatgrass successfully .
Materials and methods The transformed( by gene gun) and non transformed �Hycrest‐Mengnong�wheatgrass plants were usedas materials . Plant genomic DNA was sheared by restriction endonucleases . Aim fragments from plasmid DNA which wereamplificated by PCR were the templets . The DIG label and detected kit were used to label the probe and to ascertain thetransformation of fragments .
Results Figure １ shows the Southern hybridization map . From Figure １ , the hybridization band of CBF４ transgenic plants wereobvious and the integration number is ２‐５ .

Figure 1 Southern analysis o f digested total genomic DNA f rom transgenic
wheatgrass p robed w ith DIG labeled p lasmid DNA (CBF4 ) . 1‐negative control , 2‐
positive control ,3‐10‐transgenic p lants .

Conclusions The CBF４ gene is a new member of CBF family isolated from A rabidopsis thaliana reported by Volker Haake ,Daniel Cook . The CBF４ gene摧s expression was induced by drought , not low temperature . The resistance of A rabidopsis
thaliana plants to drought and low temperature will be enhanced if CBF４ gene expresses excessively . The results of Southernblotting indicated that the exogenous gene CBF４ has been integrated into wheatgrasses plants and inserted into the chromosomewith multicopy .
ReferencesHaake V . , Cook D . , Riechmann J L . , Pineda O . , Thomashow M . F . , and Zhang J Z . T ranscription factor CBF４ is aregulator of drought adaptation in Arabidopsis . Plant Physiol ,２００２ ,１３０ : ６３９‐６４８ .Wang G .L , and Fang H .J , eds . Plant genetic engineering principle and technique ,Science Press , Beijing , China ,２００２ , pp .

４２８‐４３２ .
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Introduction Plant senescence is an internally regulated and orderly degenerative process leading to the death of single cells ,organs or even whole plants during their life cycle ( Deborah , １９９３ ) . Senescence may occur in annual plants and monocarpicperennials abruptly and in iteroparous plants gradually ( Silvertown et al . , ２００１) . Elymus sibiricus is a perennial bunchgrass .The objective of this study was to explore the effects of population characteristics on senescence of Elymus sibiricus byresearching tillering ability , biomass , modular structures and propagation in Elymus sibiricus at different ages , in order tosupply some evidences and material for forage production and also establishing a basis for more detailed research on perennialsenescence .
Materials and methods The sampling sites were selected in places where Elymus sibiricus were grown in ２００２ , ２００３ , ２００４ ,
２００５ , ２００６ . The independent tuf ts of Elymus sibiricus population in five sites were large sampled on August ２０ , ２００７ . Theplant number , aboveground biomass , number of sexual plant , weigh of tapering spikes per tuf t and so on were measured andrecorded . Data were analyzed using an ANOVA modal .
Results The numbers of tillers , sexual tillers and potential population per tuft of Elymus sibiricus planted in ２００５ ( grown ３years) were the highest . These were decreasing gradually with advancing ages ( Table １ ) . Also , the weight of tillers andtapering spikes per tuft of Elymus sibiricus planted in ２００５ was the heaviest . The ratio of sexual tillers to weight of taperingspikes per tuf t was the highest in Elymus sibiricus planted in ２００６ . The number of tillers and potential population presentedvegetative propagation ability ; thus the others quantitative characters may present sexual reproduction ability .

Table 1 Quantitative characters o f Elymus sibiricus population w ith di f f erent ages .

Quantitative characters
( per tuf t )

Planting years
２００６ 4２００５ ,２００４ #２００３  ２００２ 珑

Tillers
Sexual tillers

１６ |.４ ± ２ .６
１２ .４ ± ２ .１
( ７５ .４％ )

３９ 9.０ ± ５ .０ 倡 倡

２６ .０ ± ４ .３ 倡 倡

( ６５ .４％ )

３２ 0.４ ± ３ .８ 倡 倡

１８ .０ ± ３ .３ 倡

( ５４ .３％ )

２８ C.４ ± ４ .２ 倡

１０ .８ ± ２ .０
( ３８ .６％ )

２０ ..４ ± ３ .３
６ .６ ± ２ .４
( ２８ .５％ )

biomass ( g ) ５ g.８ ± ０ .９ １４ 9.９ ± ３ .２ 倡 倡 ５ V.６ ± １ .１ ５ N.０ ± ０ .８ ３  .０ ± ０ .７

Weigh of tapering spikes ( g ) １ -.４ ± ０ .３ 倡 倡

( ２２ .０％ )
２ $.３ ± ０ .９ 倡 倡

( １４ .２％ )
０ V.５ ± ０ .１
( ８ .３％ )

０ N.４ ± ０ .１
( ７ .４％ )

０  .１ ± ０ .０７
( ４ .３％ )

Potential population ８ g.２ ± ２ .５ ５５ $.４ ± １０ .６ 倡 倡 ４９ 0.６ ± ６ .５ 倡 倡 ３４ C.３ ± ４ .１ 倡 ２９  .４ ± ８ .２ 倡

倡 P ＜ ０ .０５ , 倡 倡 P ＜ ０ .０１ , potential population means the total of tiller buds and tiller seedlings .

Conclusions The best time for using Elymus sibiricus is af ter ３ years grow th when production and propagation ability are thehighest . There was a deteriorative phenomenon observed related to quantitative characters of Elymus sibiricus with respect tosenescence .
ReferencesDeborah , A . R . (１９９３) . Evolutionary senescence in plants . Genetica , ９１ , ５３‐６４ .Silvertown , J . , Franco , M . & Perez‐Ishiwara , R . ( ２００１ ) . Evolution of senescence of iteroparous perennial plants .

Evolutionary Ecology Research , ３ , ３９３‐４１２ .
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Testing diversity effects of forage biodiversity in the Karst region of southwestern China
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Introduction The relationship between biodiversity and productivity has received wide attention during the last decade . Most ofstudies have been performed in America and Europe , but rarely in China , especially in Karst region . We investigated therelationships between cultivated forage species diversity and productivity in the Karst region of southwestern China , andanticipated answering the following questions : firstly , how did biomass production respond to forage species richness in ourexperiment in the Karst region ? Secondly , what was the mechanism underlying diversity‐productivity in our experiment ?Thirdly , did aboveground biomass per plant change with different levels of diversity ?
Materials and methods The experiment was carried out at the permanent field site of Huanjiang Experimental Station of KarstAgro‐ecosystem of CAS , located in south‐west of Guangxi in China (２４° ４４′N , １０８°１９′E , ３０２ m above sea level) . The meantemperature is about ２０ ℃ , and mean annual precipitation is about １３８９ mm . Six forage species selected , including WhiteClover , Red Clover , Alfalfa , Common Aeschynomene Herb , Green Bristlegrass Herb and Broadleaf Paspalum were included inthis experiment . The communities of two , three , four and six species were combined by constrained random selection from thespecies pool , without any certain composition twice . The analysis was based on the data of aboveground forage biomass andspecies compositions after a full growing season of each plot . Diversity effect was calculated by the method of ( Loreau &Hector , ２００１) . The data were tested by SPSS １３ .０ sof tware using one‐way ANOVA procedures , followed by LSD multiplecomparison tests to determine the differences among the yields of forage species in monocultures and the differences of RYT ,net effect , selection effect and complementary effect among different levels of species‐rich communities .
Results Forage species richness had a significant linear increased effect ( P ＜ ０ .０１) on aboveground biomass . Net effect and RYTof mixture of two species was lower ( P ＜ ０ .０１) than one , while the other three levels showed diverse trends . Selection effectshowed general increase with diversity ( P ＜ ０ .０１ ) , w ith the highest value occurring in the community of four species .Complementary effect showed an increasing trend with species richness without significant difference from zero .
Conclusions Our study indicated that biodiversity enhanced the aboveground biomass production in the Karst region because ofthe selection effect . Selection effect facilitated the grow th of forage species with deep roots , and then compensated the grow thsof other forage species . In addition , our species‐rich communities might be in an unstable status , with easilily suffered bydisturbance . Increased effective aboveground space utilization might be caused by the increased species richness , and thenleaded to the increased aboveground biomass production . The results implied that aboveground species interactions , such aslight complementarity , might contribute to positive diversity‐productivity . Further investigation should be conducted usingempirical field data on light absorption . The presented study revealed production formation mechanism of initial cultivated
grassland processes in the Karst region in southwestern China , and was helpful for the grassland building in this area .
ReferenceLoreau M . , Hector A . (２００１) . Partitioning selection and complementarity in biodiversity experiments . Nature ４１２ , ７２‐７６ .
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Introduction Ceratoides arborescens is a long‐lived , cold‐resistant and drought‐resistant perennial subshrub , which plays an
important role in Inner Mongolia . T raditional approaches to describing and interpreting spatial distributions of Ceratoides
species have focused on the patterns either of species zonation or of species diversity . In this paper , we discussed the method of
fractal analysis , and tried to explain : Whether patterns of C . arborescens populations have the similar detail over a range ofscales ? To address this problem and to measure the complexity of pattern structure , a fractal approach must be used .
Materials and methods C . arborescens is widely distributed along Inner Mongolia grassland . Six study plots , P１ , P２ , P３ , P４ ,
P５ and P６ are chosen in C . arborescens communities of different vegetations on Inner Mongolia grassland . At each plot , eight
contiguous ２０ m × ２０ m quadrats are established . T ree height , crown size , and the x and y coordinate of individuals are
measured . Fractal dimension ( Db ) is calculated using the box‐counting method .
Results Figure １ shows that each log (ε)‐log N (ε) curve can be subdivided into two sections characterized by different slopesand scale ranges . The scale size of inflexion points is better significance .Table １ shows that at the significance level of ０ .０１ ,
the fractal dimensions for the distribution patterns of C . arborescens populations in P１ , P２ , P３ , P４ , P５ and P６ are １ .３８６ , １ .
３７７ , １ .６１６ , １ .５１２ , １ .０８７ and １ .０４９ , respectively . In the order of P３ ＞ P４ ＞ P１ ＞ P２ ＞ P６ ＞ P５ .The scale size of inflexion
points for P１ , P２ , P３ and P４ are ２畅８５７ m , ２畅５００ m , ２畅８５７ m and ２畅５００ m ,while that for P５ and P６ are １畅３３３ m畅 The meancrown sizes of C . arborescens individuals in P１ , P２ , P３ , P４ , P５ and P６ are １畅４３２ ,１畅１７８ ,０畅９６５ , ０畅６０１ ,１畅１５４ and １畅８０９ m ,
respectively . These indicate that the capacities of spatial occupation of different populations are variable .

Figure1 Box‐counting dimension o f P１ population .

Table 1 Box‐counting dimensions o f C . arborescens
population patterns in di f f erent grassland types .

plot
number

box‐counting
dimension

correlation
coefficient

inflection
point ( m )

mean crown
width( m )

P１ 牋１ 腚.３８６ ０ 　.９８９ 倡 倡 ２ �.８５７ １ 牋.４３２
P２ 牋１ 腚.３７７ ０ 　.９２０ 倡 倡 ２ �.５００ １ 牋.１７８
P３ 牋１ 腚.６１６ ０ 　.９８３ 倡 倡 ２ �.８５７ ０ 牋.９６５
P４ 牋１ 腚.５１２ ０ 　.９８４ 倡 倡 ２ �.５００ ０ 牋.６０１
P５ 牋１ 腚.０８７ ０ 　.９７０ 倡 倡 １ �.３３３ １ 牋.１５４
P６ 牋１ 腚.０４９ ０ 　.９３７ 倡 倡 １ �.３３３ １ 牋.０８９

倡 倡 Effects of periods on all variables were significant ( p ＜ ０ .０１)

Conclusions The patterns of C . arborescens populations could be thought of as fractals as they exhibit self‐similarity within therange of scale considered . Their fractal dimensions are not integer but fractional , ranging from １ .０４９ to １ .６１６ . The results
showed that the spatial distributions of P３ and P４ were high (１ .６１６ and １ .５１２ near ２ ) in different types of C . arborescens ,
which reflected the high spatial occupation degrees of the populations as the dominant species of these grassland types . The
order of spatial occupation degree was P３ ＞ P４ ＞ P１ ＞ P２ ＞ P６ ＞ P５ , which reflected the variation of functions and positions of
C . arborescens population in different grassland types .
Reference
Sugihara G and May RM .(１９９０ ) .Applications of fractals in ecology . TREE , ５ (３) :７９ ～ ８６ .
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Dynamics of reproductive allocation of reproductive tillers in Stipa baicalansis populations on
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Introduction Reproductive allocation ( RA ) is the biomass ratio of reproductive organs to total biomass in all assimilativeresource of a plant individual . Individual is plastic in size due to the difference of the microenvironment . The plasticity followscertain rules and shows the regulation in grow th and allocation at the population level . Stip a baicalansis , a perennial grass , isusually the constructive or companion species of communities in meadow steppe regions in China ( Li , et al . ,２００３ ) . Theobjective was to find the rules of the relationship of RA and height , biomass of tiller in different growing stages , which
provided scientific accumulation to further research of reproductive ecology .
Materials and methods The study was conducted at the Pasture Ecology Research Station of Northeast Normal University ,Changling , Jilin province of China ( ４４°４５′N , １２３°３１′E) which has temperate sub‐humid continental monsoon climate . S .
baicalansis experimental population was planted in ２００５ . Each plot had an area of ２ m × ６ m with ５ replications . Fortyreproductive tillers were sampled randomly in all plots at flowering and ripening stages , respectively . Height , tiller andinflorescence biomass were measured . The ratio of inflorescence biomass to tiller biomass was regarded as reproductiveallocation . Relationships between biomass and height of the tiller , and RA and the height , the tiller biomass were evaluatedusing regression analysis .

　 　 Figure 1 Observed data and simulated curves on relationship between
total biomass ( TB) and height( H ) o f the tiller , RA and both height
and total biomass o f the tiller at f lowering ( FS ) and ripening (RS)
stages .

Results The relationship between biomass andheight of the tillers were positively linearlycorrelated ( p ＜ ０畅０１ ) at flowering and ripeningstages , but between RA and both height andbiomass of the tiller negative correlation wasobserved , and only at flowering stage betweenRA and height of the tiller the correlation wassignificant ( p ＜ ０ . ０５ ) ( Figure １ ) . Theseindicated best isometric rule of the biomass andheight of reproductive tillers . The rule ofnegative correlations on RA and height as well asbiomass was gradually weakening from floweringto ripening stage . These showed RA of thetillers in different size were all tending to theaverage value of the population with growingstages .
Discussions The grow th , intraspecies andinterspecies competitions of plants shared inlimited resource , and appropriate combination of
grow th and reproduction could form relative
predominance in evolution . Taller tillers hadgood light and more nutrition , so they wereadvantageous in competition . Positive correlationof biomass and height indicated that increasingheight was advantageous to the whole tiller , andan increasing ratio of vegetative grow th woulddecrease RA . The nearly accordant RA in ripenembodied the strategies which S . baicalansis
population advanced fitness through regulating grow th and allocation .
ReferencesLi J . D . , Yang Y .F . ,(２００３) . Analysis of structure types for plant species in Stip a baicalensis meadow steppe in the SongnenPlains of China . A cta A grestia S inica , １１ (１) : １５‐２２ .YangY . F . , Zhang B .T . ,( ２００５ ) . Module structures and the grow th pattern of Stip a baicalansis clone in Songnen Plain ofChina . Chinese Journal o f A p p lied Ecology , １６( １２) : ２３１１‐２３１５ .
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White clover ( T ri f olium repens ) use is valued for its ability to substitute for fertilizer nitrogen ( N) use and to improve pasturequality ( Thomson １９８４) . It was introduced into the Karst region of China at least １００ years ago ; however , its persistence andcompatibility with grasses in the mixture still remains unclear .
An experiment was conducted at Zhuopu Demonstration Farm , Guizhou Province , China (１０４°０７′ ２５″E ,２７°１２′ ３０″N ,２４４２ m a .s .l) , from April １９８５ to November ２００５ . Four mixtures consisted of white clover plus perennial ryegrass ( Lolium perenne) ( T
＋ L) , red fescue ( Festuca rubra L .) ( T ＋ F) , Kentucky bluegrass ( Poa p ratensis L .) ( T ＋ P) and bromegrass ( Bromus
inermis Leyss) ( T ＋ B) , grazed with Corriedale sheep between pasture mass of １８００ ～ ２５００ kg DM ha‐１ and ９００ ～ １２００ kg DMha‐１ . With N , P and K fertilizer applied in the first four years then yearly application of P fertiliser only .
Results have shown that T ＋ F had the highest mean annual net production and remained stable over ２０ years , followed by T ＋L and T ＋ P , while T ＋ B was the lowest . However , T ＋ L was significantly higher in net yield in the first four years . Whiteclover produced similar yields and was a similar proportional of the sward composition in all mixtures , whereas the four grassesdiffered greatly ( P ＜ ０ .０１ ) , indicating that selection of companion grasses is essential for the production and persistence ofbinary mixtures ( Figure １ ) .

Figure 1 Botanical composition f or each treatment f rom １９８６ to ２００５ .

Species of companion grasses had no significant effects on white clover production and persistence , but strongly affected totalnet yields of the mixtures . These findings are different from many studies , which have found that sheep grazing generallyresults in a decrease in white clover content ( Hodgson １９９０ ; Sheath & Clark １９９６) , and the companion grass species competeand affect the persistence of the clover ( Nolan et al . , ２００１ ) .
ReferencesHodgson J . , (１９９０) . Grazing Management : Science into Practice . London : Longman Group UK Ltd , pp .２５‐３７ .Nolan T . , Connolly J . and Wachendorf M . , ( ２００１ ) . Mixed grazing and climatic determinants of white clover ( T rifoliumrepens L .) content in a permanent pasture . A nnals o f Botany , ８８ ( Special Issue) : ７１３‐７２４ .Sheath G .W . and Clark D .A . , ( １９９６ ) . Management of grazing system : temperate pastures . In : Hodgson J , Illius A M .( ed .) The ecology and management of grazing systems . CABI Publishing , pp .３０１‐３２４ .Thomson D .J . , ( １９８４ ) . Nutritive value of white clover . In : Thomson D . J . ( ed ) . Forage Legumes , １６ . Occasional

Symposium o f the British G rassland Society , pp .７８‐９２ .
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Study on leaf production of alfalfa at different planting densities
W ang Z‐F , Xu A‐K , Yu H‐Z , Zhou Y‐C
Institute o f G rassland Science , Branch o f A nimal Husbandry , Jilin A cademy o f A griculture Sciences , Gongz huling , Jilin
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Introduction Alfalfa ( Medicago sativ a) is a high‐protein leguminous forage . Many studies showed that the leaf production ofalfalfa was not only related to its nutritional value , but was also related to its hay yields ( Frakes et al . ,１９６１ ; Smith et al . ,
１９６４) . How to improve the leaf yield of alfalfa has not been reported in the relevant references in the study of alfalfacultivation . Therefore , the study of leaf production of alfalfa in different planting densities is of great significance to improve
greatly its nutritional value and hay yield .
Materials and methods The experimental field was in Gongzhuling city , middle west of Jilin province , located at ４３°３１′ N and
１２４°５８′ E . The cultivar of alfalfa is Medicago sativ a L .cv .�Gongnong No .１�. Planting density was designed into ５ densitygrades , the plant distance and row spacings were : A‐２０ cm × ２０ cm , B‐３０ cm × ３０ cm , C‐４０ cm × ４０ cm , D‐５０ cm × ５０ cm andE‐６０ cm × ６０ cm .The plot area was １２m２ ( ３ m × ４ m) , using randomized block design and ５ replicates . The average plantabsolute height , shoot number , compound leaf number , stem weight , leaf weight and hay yield of each treatment weremeasured at the first early flowering stage in the third year ( June １０ ,２００７ ) , ５ individual plants from each plot were sampledrandomly . Ratio of stem to leaf and hay yield of per square meter were also calculated .
Results and analysis There was no significant difference in the average plant absolute height stem / leaf ratio among all the density
grades ( P ＞ ０ .０５) . However , there were significant differences in shoot number , compound leaf number , shoot weight ,leafweight and hay yield among some treatments( P ＜ ０ .０５ ) ( Table １) ,they were all the highest in the density A and the lowest inthe density E . The correlation coefficient ( R２ ) of leaf weight was ０ .９７ for hay yield , ０ .９４ for stem weight ,０ .３２ for leafnumber and ０ .２５ for shoot number at the ０ .０５ level ( Figure １) .
Table 1 Signi f icant di f f erence comparison f or height , shoot numbers , compound lea f numbers , stem weight , leaf weight ,
hay yield and stem / lea f ratio in di f f erent densities (０ .０５ level) .

Height
( cm )

Shoot number
( no / m２ )

Leaf number
( no / m２ )

Air‐dried stem
( g / m２ )

Air‐dried leaf
( g / m２ )

Hay
( g / m２ )

Stem / leaf
( ％ )

A １１０ �.３a ６１５a ４０１７０a ９００ 3.２a ４７９ 痧.９a １３７９ 鬃.１a ３４ B.７２a
B １１８ �.９a ４４０abc ２６３１０abc ７５９ 3.２ab ４１８ 痧.１abc １１７７ 鬃.４abc ３５ B.５１a
C １２５ �.９a ４４４ab ３５２００ab ８０１ 3.６ab ４２６ 痧.２ab １２２７ 鬃.８ab ３４ B.７１a
D １１４ �.４a ３８８bc ２１３４７bc ４６８ 3.３bc ２６３ 痧.７bc ７３２ �.０bc ３６ B.０３a
E １１６ �.３a ２２５c １６７１６c ３５０ 3.８c ２１３ 痧.８c ５６４ �.５c ３７ B.８６a

Figure 1 Relationship between lea f weight and the other characteristics o f per square meter .

Conclusions Leaf weight of alfalfa per unit area was significantly different at differing planting densities , and it increased as thedensity increased . Leaf weight was closely related to hay yield and stem weight , low ly related to leaf number and not related toshoot number .
ReferencesFrakes ,R .V , R .L . Devis , ( １９６１ ) .The breeding behavior of yield and related variables in alfalfa , Ⅱ associations betweencharacters . Crop sci ,３ ,２０７‐２０９ .Smith , J .G , G .O .Mott and R .J . Bula ,( １９６４ ) .Ecological parameters of an alfalfa community under fields conditions . Crop
sci ,５ ,５７７‐５８ .
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Response of plant species diversity to simulated climate change nitrogen supply in desert steppe
W ang Zhen , H an Guodong 倡 ,Zhao Menli , San dan , H an X iong , Gao Fuguang
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Introduction Species diversity plays an essential role in sustaining earth system processes and providing basic goods and servicesto human society . Stresses from human activities , however , are having a profound effect on the earth system , including loss ofspecies diversity , which is proceeding at unprecedented rates . Such stress is climate alteration and deposition . We investigatedthe independent and combined effects of experimental warming and nitrogen supply on plant species diversity in SizhiwangCounty , a located in Inner Mongolia , China .
Materials and methods The experiment used a paired , nested design with warming as the primary factor and nitrogen supply asthe secondary factor . There were six paired of ３ × ４‐m plots , one plot in each pair was assigned as the warming treatment andthe other as the control . Each warming and control plot were divided into two subplots ( ２ × ３‐m) .The subplots were randomlyassigned to the nitrogen supply treatment . Nitrogen supply in the subplot is １０g /m２ . The warmed plots have been heatedcontinuously since May ２００６ using １６５ × １５‐cm MSR‐２４２０ infrared radiators ( Kalgo Electronics , Bethlethem , PA , USA )suspended ２ .２５ m above the ground . In the unwarmed control plot , one dummy摧 heater with the same shape and size as theinfrared radiator was suspended ２ .２５ m high to simulate the shading effects of the heater . Thus , there were six replicates foreach treatment( control , warming , nitrogen supply , warming plus nitrogen supply) . In each of ２４ subplots , we laid out a １ ×
１‐matrix . We investigated species diversity , cover and height . Margalef ( Ma) , Shannon‐Winner ( H) , Simpson (D) and Pielou
( JP) diversity indexes were analyzed using SAS ９ .０ .
Results In the study , the main effect of warming plots for H , D , JP was larger than in the control plots both ２００６ and ２００７ ,but Ma was decreased . Comparing ２００６ and ２００７ in warming and control plots , D index was similar , H and JP were bothincreasing , respectively ４ .１％ and ４ .６％ , but Ma decreased １ .５％ . Both ２００６ and ２００７ , D , H and JP摧s value in warming ×nitrogen supply subplots is higher than other three kinds treatment plots ( control , warming , nitrogen supply ) . In the same
year , these diversity indexes were no significant difference ( P ＞ ０ .０５ ) . The reason could be attributable to warming time . Ifwarming experimental was continuously done in the following year , the diversity index difference would be significant . Thesediversity indexes did not vary in nitrogen‐supplied subplots . A similar result has been reported from the Tibetan Plateau ( Kleinet al , ２００４) .
Table 1 Diversity index (W : w arming , N : nitrogen sup p ly , C : control) .
T reatment Margalef Shannon‐Winner Simpson Pielou

２００６ 灋２００７ 珑２００６ /２００７ w２００６ 靠２００７  ２００６ P２００７ 槝
W × N １ #.５７６a ＋ ０ .２１ １ l.４５３a ＋ ０ .１４ １ 创.４９１a ＋ ０ .２ １ �.５８６a ＋ ０ .２ ０ D.６９５a ＋ ０ .０７ ０ 崓.７３６a ＋ ０ .０７ ０ 照.７１７a ＋ ０ .０７ ０  .７７２a ＋ ０ .１
W １ #.５４４a ＋ ０ .３１ １ l.４３７a ＋ ０ .１４ １ 创.４２５a ＋ ０ .２１ １ �.６１３a ＋ ０ .１６ ０ D.６４２a ＋ ０ .０９ ０ 崓.７５６a ＋ ０ .０５ ０ 照.６９３a ＋ ０ .０７ ０  .７８４a ＋ ０ .０６
N １ #.５３６a ＋ ０ .２３ １ l.４７７a ＋ ０ .２４ １ 创.４４a ＋ ０ .２５ １ �.５２４a ＋ ０ .２６ ０ D.６５３a ＋ ０ .１１ ０ 崓.７４９a ＋ ０ .０５ ０ 照.６８９a ＋ ０ .１２ ０  .７１６a ＋ ０ .０８
C １ #.６２５a ＋ ０ .３ １ l.４９５a ＋ ０ .２２ １ 创.４３８a ＋ ０ .３７ １ �.５１１a ＋ ０ .２６ ０ D.６４２a ＋ ０ .１６ ０ 崓.７０１a ＋ ０ .１ ０ 照.６７４a ＋ ０ .１４ ０  .７１６a ＋ ０ .１３

Conclusions The study , which is the first to explicitly examine the independent and combined effects of experimental warmingand nitrogen supply on the desert grassland , suggests that the future species in this region will depend on both climate changeand nitrogen supply .
ReferencesShuli Niu , Mingyu Wu , Yi Han , Linghao Li and Shiqiang Wan , (２００７) . Water‐mediated responses of ecosystem carbon fluxesto climatic change in a temperate steppe , New Phytologist , Journal compilation . http/ / :www .new phytologist .org . １‐１１ .Tilman , D . , Downing , J . A . , (１９９４) . Biodiversity and stability in grasslands . Nature , ３６７ : ３６３‐３６５ .
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Changes of proline content in leaves of two alfalfa cultivars with different salt tolerance under
salt stress
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Introduction Salinity is the major environmental factor that limit plant grow th , productivity and distribution . Proline is
generally regarded as a compatible solute involved in cellular osmotic adjustments , whose accumulation increases when plantsare in drought and salt stressed conditions . However , Lutts et al ( １９９６ ) concluded from their studies on rice that prolineaccumulation contributed little in cellular osmotic adjustments , and that it may have had other functionality not yet discoveredin plants .
Materials and methods Seeds of two cultivars of alfalfa ( Medicago sativ a L .) , cultivars Zhongmu No . １ and Defor were surfacesterilized with ６％ sodium hypochlorite solution for ５ min . They were then germinated in humid sand medium on plate in thedark at ２５ /２０ ℃ of ８ h/１６ h , and then four uniform seedlings per cultivar and treatment combination , as a unit , were fixed intothe holes of quadrate foam and transplanted into plastic vessels . Every vessel contained ４ .４ L of a standard nutrient solution .After ２０ days , ６ plants of each cultivar at each treatment were removed and divided into roots , shoots and leaves for the grow thparameter and proline content ( Tigen et al . , １９７３ ) measurements .
Results Root , shoot , and leaf grow ths ( Figure １ ) were inhibited by increased salt treatments in both cultivars , but ZhongmuNo .１ had significantly higher root , shoot and leaf dry weights per plant than Defor . NaCl treatments led to a significantincrease in the leves of proline content in both alfalfa cultivars ( Figure １ ) . The proline accumulation in Defor ( low salttolerance) , however , was much greater than in Zhongmu No .１ ( high salt tolerance) at １４０ and ２１０ mM salt treatments .

Figure 1 E f f ect o f NaCl on Proline o f leaves o f De f or and Zhongmu No . １ at ７ days a f ter salt stress .

Table 1 Dry weight (mg / p lant) o f root , shoot and lea f o f Zhongmu No . 1 and De f or grown in f our treatments af ter 15
days NaCl treatments .

NaCl Zhongmu No .１ ) Defor
Control ７０  １４０ S２１０ ~Control ７０ 靠１４０ �２１０  

Root ０ 倐.０３５ ０ �.０３２ ０ 刎.０２８ ０  .０２３ ０ ..０３３ ０ Y.０２４ ０ 剟.０１９ ０ 牋.０１４
Shoot ０ 枛.１５ ０ 亮.０９ ０ 祆.０８ ０  .０５ ０ B.１４ ０ m.０６ ０ 槝.０４ ０ 档.０２
Leaf ０ 枛.１３ ０ 亮.１１ ０ 祆.１０ ０  .０７ ０ B.１２ ０ m.０７ ０ 槝.０６ ０ 档.０３

Conclusions Under high salt treatments , Zhongmu No . １ exhibited better salt tolerance than Defor . Proline accumulation mightresult in higher salt tolerance instead of causing it . Also , this might indicate that proline was a contributing factor to theinhibited grow th of plants under salt stress .
ReferencesLutts , S . , Kinet , J . M . , Bouharmont , J . , ( １９９６ ) . Effects of salt stress on grow th , mineral nutrition and prolineaccumulation in relation to osmotic adjustment in rice ( Oryz a sativ a L .) cultivars differing in salinity resistance . Plant

G row th Regulation , １９ : ２０７‐２１８ .Lin , C .C . , Kao , C .H . , ( １９９６ ) . Proline accumulation is associated with inhibition of rice seeding root grow th caused byNaCl . Plant Science , １１４ : １２１‐１２８ .
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Study on community β‐diversities of different grazing systems in a desert steppe environment
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Key words : desert steppe , continuous grazing , rotational grazing , β‐diversity
Introduction Plant community diversity is composed of community composition and dynamic diversification ( Xie Yingzhong ,
１９９９) . For the relationships of prairie plant community diversity and grazing , there has been a substantial amount of researchconducted ( Grimes J P ,１９７３ ; Huston M . A ,１９７９ ) , but there are very few studies on the change process of grasslandcommunity plant diversity in different grazing systems . Knowledge about the changes of plant diversity of desert grasslandcommunities under different grazing systems can lay a foundation for further in‐depth study on eco‐functions of desert grasslandcommunity biodiversity .
Materials and methods The study site was located in Stip a brev i f lora desert steppe in Sunit Right Banner of Inner Mongolian( ４２°１６′２６″N ,１１２°４７′１７″E) .Annual‐mean temperature is ６ .２ ℃ and average precipitation is ２０９ .１２ mm .Dominant vegetation isthe community of Stip a brev i f lore and Cleistogenes songorica and A llium poly rhiz um . The experimental treatments werecomposed of a continuous grazing plot of ３４０ hm２ , a rotational grazing plot of ３２０ hm２ divided into ８ smaller , equally sized
plots and a grazing exclusion plot of １hm２ , which has not been grazed since １９９９ . Stocking rate on grazing plots was １ .２５sheep/ hm２ . Plant community β‐diversity was measured . Statistical analysis software SAS８ .２ and EXCEL２００３ were used toanalyze data for this research .
Results and discussion The index of community β‐diversity decreased with increasing quadrat size ( Figure １) . Three treatmentsdid not differ significantly with the same sample size on Desert Steppe ( p ＞ ０ .０５ ) . The highest index of β‐diversity was inrotational grazing treatment . This may be because there was certain leisure time in rotational grazing , so the plant grow thaccelerated and vegetation cover increased . This may have lead to a higher β‐diversity index in the rotational grazing plot . Theresults showed that community structure is relatively complex and stable on a certain extent in rotational grazing system .

Figure 1 Community β‐diversity under di f f erent graz ing system .

Conclusions Community β‐diversity index decreases with the increasing quadrat size . The highest index of β‐diversity wasobserved under a rotational grazing system .
ReferencesXie Yingzhong ,(１９９９) . Introduction to plant ecology .[ M ] Yin Chuan : The Ningxia People摧s Publishing House ４６‐４８ .Grimes J P , (１９７３ ) .Control of specoes diversity in herbaceous vegetation .[ J] Env iron Manage １ :１５１‐１６７ .Huston M , ( １９７９) . A general hypothesis of species diversity . AmNat １３ :８１‐１０１ .
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Analysis of fire spread rates between seeded and unseeded areas in the Snake River plains of
Idaho , USA using the Behave眗 fire model
J . W il f ord , M . Pellant and M . W icklow‐Howard
Department o f Biology , Boise State University , Boise , ID . USA 83725 . E‐mail : j w il f ord＠ nw rc .ars .usda .gov
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Introduction Wildfire has played an important ecological role throughout the history of the sagebrush‐steppe ecosystems of theSnake River Plains of Idaho . In pre‐settlement times fires were probably small and spotty , which helped maintain a patchy ,heterogeneous landscape (Bunting , １９９６) . In the post‐settlement era , fires in Wyoming Big Sagebrush ( A rtemesia tridentata
ssp . W yomingensis ) have been more frequent and larger resulting in the conversion of large areas within the Snake River Plainsto exotic annual grasslands of cheatgrass ( Bromus tectorum ) . Managers generally reseed a suite of perennial species to reduceerosion and invasive species potential af ter these wildfires . Seeding with perennial species is believed to reduce the likelihood offuture wildfires due to the reduction in cheatgrass . This study examines the effects of revegetation on wildfire spread rates andexamines the usefulness of a commonly used fire prediction model ( Behave Plus) in predicting fire spread rates in sagebrush‐steppe ecosystems . Seeded and unseeded sites have been evaluated for significant differences in fuel continuity , plant canopycover , fuel load , and fuel bed depth , and rates of fire spread with the Behave Plus 眗 fire model .
Materials and methods Sixteen previously burned sites with seeded and unseeded components were selected in the Snake RiverPlains of southern Idaho , USA for study . Wildfires on the study sites occurred between June and September from １９８７ — ２００２ .All study sites were reseeded at least two years previous to the study to allow for community stabilization . Reseeding was
primarily accomplished using a rangeland drill in the fall following the wildfire . Common species seeded included A gropy ron
cristatum ( crested wheatgrass) , A gropy ron sibericum ( Siberian wheatgrass) , Elymus cinerus ( Great Basin wildrye) ,A chillea
mille f olium , ( common yarrow ) , A trip lex canescens , ( fourwing saltbush) , and Medicago sativ a ( alfalfa) . All samples andobservations were taken during the months of June August in ２００４ and ２００５ . Fire spread rate estimates were calculated usingthe Behave Plus ３ .１ fire model , with fuel load and fuel bed depth data from seeded and unseeded portions of each site used to
provide a comparison of fire spread rate . Fire spread rates were calculated both with and without litter added as part of the totalfuel load . A paired sample t‐test was used to analyze any differences in fire spread rate , fuel loading , and fuel bed depth . SAS
９ .３ .１ was used for the analysis . Fuel continuity was measured using the line intercept method for foliar cover . Each gap incanopy coverage along a １００ m transect greater than ５ cm was measured and recorded . A paired sample t‐test ( Proc Univariate)was performed using SAS ９ .３ .１ to compare mean gap values between foliar cover of plants for the seeded and unseededsections . P‐values are significant at the ０ .０５ level .
Results There were no statistically significant differences between seeded and unseeded portions of sites for fire spread rate ( p‐value : without litter ０ .３１ ; w ith litter ０ .１１) , fuel loading ( p‐value : with litter ０ .６９ ; w ithout litter ０ .７４ ) , and fuel bed depth( p‐value : ０ .０８) . Although there was no significant difference in fuel loading between seeded and unseeded areas , there was adramatic difference in the composition of plants . Annual forbs and annual grasses comprised １２ .５％ and ６３％ of total fuel loadin the seeded and unseeded areas , respectively . Mean gap values for each treatment were used to compare sites for fuelcontinuity . The paired t‐test demonstrated statistically significant differences between seeded and unseeded treatments ( p‐value
０ .００８４) . Average gap size in the seeded areas was １５ .７８ cm as compared to １２ .３０ cm in the unseeded areas . On average , therewere more gaps in the seeded areas (１５８ ) than in the unseeded areas (１２０) .
Conclusions Although no significant differences were found for fire spread rates when using fuel load and fuel bed depth data ,there was considerable variation in the plant composition and fuel continuity between seeded and unseeded sites . Fuel continuityis more discontinuous in seeded areas as compared to unseeded areas . Not only are the gaps in canopy cover larger on average inseeded areas , there are also more gaps in the seeded areas than in the unseeded areas . The larger gap size and number of gapsin the seeded areas are indicative of more discontinuous fuels than in the unseeded annual grass dominated areas . This differencein fuel continuity would be influential in reducing wildfire rate of spread although the Behave 眗 model did not substantiate thisdifference . The Behave 眗 model should be modified to include fuel continuity to better predict fire behavior in rangelandsituations .
ReferenceBunting , S .C . １９９６ . The use and role of fire in natural areas . Pages ２７７‐３０１ in R .G . Wright , editor . National Parks andProtected Areas : Their Role in Environmental Protection . Blackwell Science , Cambridge , Massachusetts , USA .
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Influence of aridity on carbon isotope discrimination in leaves of Stipa and other C3 species in
central Asian grassland
M . W ittmer１ ,K . A uersw ald１ ,R .Tungalag２ ,Chunhua Bai３ ,Yong f ei Bai３ , H . Schnyder１
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Introduction The carbon isotope discrimination ( Δ ) of C３ ecosystems is sensitive to water availability . Mean annualprecipitation ( MAP) is the most convenient and in some cases even the only known property to quantify water availability . Thestudy reports the effects of MAP on Δ of Stipa species and other C３ plants .
Material and methods Stipa species and were sampled along aridity transects in Inner Mongolia ( China) and in the Republic ofMongolia in ２００５ and ２００６ . Δ of Stipa was compared with published data of Stipa and of other C３ species ( including samplescollected along the ２００５ and ２００６ transects and published data) covering several years and regions around Mongolia . Weatherdata were taken from Climate Source Inc . and the NOAA NNDC network and geostatistically interpolated to obtain temporallyand spatially resolved information for the sampling sites .
Results and discussion In ２００５ and in ２００６ Δ for Stip a species increased linearly with MAP . The slope ( Figure １ a) was thesame in both years there was an offset of １ .１ ‰ . The latter was caused by a difference of about ０ .７ mm day‐１ of precipitationduring the growing season . The Δ response was the same in both years when Δ was related to the year‐specific mean daily
precipitation during the growing season ( Figure １ b) . An unbiased generalized relation of Δ with MAP was derived for Stip aspecies in Central Asian grassland . It has a slope of ０ .００６３ ‰ mm‐１ and predicts Δ for average growing seasons . The effect on
Δ of deviations of actual from mean precipitation can be accounted for . The generalized relation of Δ with MAP was validatedwith published Stip a data ( Figure ２ a) . The same relationship held true for other C３ species ( Figure ２ b) .
Conclusions The relationships established in this study can be used to estimate the mean Δ of C３ communities from MAP orannual precipitation during the growing period and v ice versa .

Figure 1 (a) Relation between Δ and MA P f or Stipa
species f or the years 2005 ( ● , dashed regression
line) and 2006 ( □ , solid regression line ) . ( b )
Relation between Δ o f Stipa sp . and year‐speci f ic
mean daily p recip itation during the grow ing period
(A p ril — A ugust) f or the years 2005 ( ● ) and 2006
( □ ) .

　 　 　

Figure 2 Relation between Δ and mean daily
p recip itation ( a) Stipa sp . f rom this study and f rom
literature . ( b ) C3 species f rom this study and f rom
literature .
Bold lines denote 95％ con f idence interv al o f the
indiv idual v alues , dashed lines 95％ con f idence
interv al o f the regression and thin line the regression ,
all calculated f rom Stipa collected in 2005 and 2006 .

ReferenceNOAA NNDC Climate Data Online (２００６) . http : / / cdo .ncdc .noaa .gov /CDO/cdo .
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Study on the change of micro‐relief and plant community in the hulunbuir sandy nature meadow
prairie
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Introduction It was discovered that sandy grassland vegetation changes in close relation to landscape which could be seenespecially well in a morphological depression ( Zhang A , ２００７ ) . A morphological depression in grassland is similar to anisolated island in the ocean , which provides an ideal site for studying the relationship between changing of micro‐relief and
grassland vegetation .
Materials and methods The study site was located in the Hulunbuir Sandy Grassland (４９°１１′to ４９°１４ .１３′N , １１９°３４′ to １１９°３６′E) , with a length along the W‐E axis of １ .６ km , a length along N‐S axis of １ km , and a relative depth of １９ m . Falling
gradients of slopes facing different directions are : W slope ０畅０２ , N slope ０畅０４ , E slope ０畅０３ , S slope ０ .０３ . The dominantspecies were Stip a baicalensis , Cleistogenes squarrosa , A gropy ron cristatum , A chnatherum sibiricum , Potentilla acaulis and
Poa sphondy lodes . The site was lightly degraded . Please entirely revise the following sentence : Establishes ８ types place aboutbackground prairie around the marshland to take the contrast . Research quadrat size for the height , density , coverage and thestanding crop of plant community was １ m × １ m . Each treatment was replicated three times .
Results There were ７３ kinds of plants in the research type place , ４４ kinds in background prairie , and １６ kinds were in １quadrate size . ６８ kinds in marsh land , １５ kinds were appeared in １ quadrate size . These types were non‐uniformly distributedin the marsh land ; there were significantly differences among species numbers , life type and ecotype . Moreover , it appearedheterogeneity about dominant species and subdominant species in the marsh land and the background prairie , there have thesame phenomenon in the different slope position and different slope approaches of micro‐relief and flora . There only have ２７kinds of species in sunny slope ( Inner Mongolia vegetation , １９８５) .
The diagram curves of the main plant species important value change in the marsh land were made .

　 　

Conclusions There were stronger reflection ability to the habitat heterogeneity about the terrain factor in the small scale . It willappear soil wind erosion phenomenon if plants were serious disturbed .
The important value as one kind of comprehensive target can reflect the distribution characteristic of plant in small criterion ofmarsh land , and also point out the most suitable habitat of plants .
ReferencesZhang A . MunkhDalai , Wang Xiao‐ke , U . Hurlee , Feng Zong‐wei . HulunBuir Sandy Grassland Blowouts : Influence of SoilLayer and Micro‐relief . Journal o f Desert Research ( in Chinese) , ２００７ , ２７ ( １) :２５‐３１ .Chinese Academy of Science Inner Mongolia Ningxia comprehensive survey team １９８５ . Inner Mongolia vegetation [ M ] .Beijing :Scientific publishing house .
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The effect of mycorrhizal fungi on Italian ryegrass in Guangzhou paddy field
X in Guo‐rong 倡 ,Sun Bing , Y ang Y u‐j ie , W u Jin , Y ang Zhong‐yi
State Key L aboratory o f Biocontrol , School o f L i f e Science , Sun Y at‐sen ( Zhongshan) University , Guangz hou , 510275 ,
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Introduction As a feed , Italian ryegrass ( Lolium multi f lorum ) has many advantages such as containing more crude protein .Moreover , Italian ryegrass winter cropping can promote the output of succeeding rice . This study evaluated the effect ofmycorrhizal fungi on the grow th of Italian ryegrass , as well as its performance at different rates of phosphorus fertilizer with orwithout soil sterilization .
Materials and methods The pot experiment was conducted during the dry season ( November ２００５ February ２００６ ) w ith Italianryegrass ( Loliummu lti f lorum ) , in laterite soil from Guangzhou paddy field , China . A three‐factor experiment was designed :the plants were grown in different soil treatments as sterile ( S ) or non‐sterile ( NS ) , different inoculants as single inoculants( Glomus mosseae ,SI) , multiple inoculants ( Glomus caledonium ＋ Glomus caledonium ＋ Glomus versi f orme , MI) or non‐inoculants( NI) , and different concentration of phosphorus fertilizer as ０ mg / kg (CK) , ３０ mg / kg ( LP) , ６０ mg / kg ( MP) , １００mg/ kg ( HP) . Plants were harvested af ter ６７ days of grow th . Roots were assessed regarding root colonization according toPhillips and Hayman ( １９７０) with some modifications . The performance of Italian ryegrass was studied also .
Results The plants inoculated with single fungus had higher root colonization compared with multiple fungus( p ＜ ０ .０５) , and theplants grown in sterile soil had higher root colonization than in non‐sterile soil( p ＜ ０ .０５ ) ( Figure １ ) .When inoculated plantswere compared to non‐inoculated plants , the mycorrhizal fungi had a positive effect on grow th of ryegrass ( p ＜ ０ .０５ ) ( Table
１ ) . High P fertilizer improved grow th ( p ＜ ０ .０５ ) , but high levels of P negatively correlated with root colonization ( Figure １ ) .

Figure 1 A M total colonz ation o f IRG in the pot culture ex periment .

Table 1 Correlations between AM coloniz ation and grow th o f IRG ( Pearson Correlation , Sig .2 — tailed , N ＝ 80) .
Root conolization

Above － ground biomass ０ J.２６７ 倡

Underground biomass ０ J.２８１ 倡

Plant height ０ J.２８７ 倡 倡

tillers ０ J.２２３ 倡

倡 : p ＜ ０ .０５ , 倡 倡 : p ＜ ０ .０１ .
Conclusions Ryegrass was more sensitive to single inoculants ( Glomus mosseae ) , but root colonization and mycorrhizaldependency was universally low , which probably is because ryegrass has well‐developed root systems which can uptakenutritions well without mycorrhiza . Plant biomass , height and the number of tillers strongly increased in the presence ofmycorrhiza . There seems to be potential to improve the plant grow th by inoculating with mycorrhiza . Nevertheless , it is stillessential to find the balance between P fertilizer and mycorrhizal fungus . Soil sterilization had a significant positive effect on theroot colonization and grow th parameters of plants , which possibly resulting from the absent competition of indigenous soilmicrobes .
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Strategy of reproductive allocation of Stellera chamaejasme population
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Introduction Reproductive allocation ( RA ) is the ratio of assimilation products distributed in reproductive organs during plantgrow th and development , i .e . the amount of organics distributed in reproductive organs . RA controls the balance between aplant摧s reproduction and survival . Stellera chamae j asme L . is a major poisonous plant in the grasslands of China . Withgrassland degrading , the plant摧s distributed areas are increasing , harming animal production . We estimated RA and analyzedthe relationships between RA and age to offer a theoretical basis for effective control of dispersal .
Study sites and methods The study area was located in the western part of a residential station in Daodesumu village , InnerMongolia , China (１２０°２４′‐１２０°２５′E , ４３°４２′‐４３°４３′N ) . The climate in the study area is temperate continental monsoon . Theannual average temperature is ６ ℃ and the annual precipitation is ３００ mm . Three study sites were selected and classified intoheavy grazing stage ( HGS) , over‐grazing stage ( OGS) , and extreme grazing stage ( EGS) ( Xing , ２００１ ) . In June ２００１ , S .
chamae j asme individuals were randomly sampled in a １ m × １ m plot in each of the three sites ; there were ３０‐４０ plots in eachsite . The stems , leaves , buds , flowers , and fruits were separated and weighed af ter being dried at ８０ ℃ . The method ofidentifying the individual age was based on the morphological characteristics ( Xing , ２００４) . The RA is a ratio of standing cropof reproductive modules to total aboveground biomass . Analysis of variance was used to test differences among each mean RAfrom the three sites .
Results RA values of flower bud , flowering , and fruiting stage were lowest at OGS compared with those at HGS and EGS( Figure １ ) . The differences of RA in during flowering bud and fruiting stage were not significant among the three grazingstages . However , the difference of RA in flowering stage was significant ( F ＝ ４ .９６１ , p ＜ ０ .０１ ) between OGS and EGS .Therefore , differences of RA pattern at the three sites were minimal . At the same grazing stage , RA value in flowering stagewas higher than that in flower bud stage and fruiting stage . The results showed that the means of total stems , leaves , andreproductive module ( RM) at the three grazing stages were ４２ .３０％ , ４９ .０８％ , and ８ .６２％ , respectively , i .e . Stem : Leaf :
RM ＝ ５ :６ :１ .

Figure 1 Rep roductive allocation o f S . chamaejasme population in di f f erent graz ing stages .

Conclusions The RA of S . chamaej asme population was relatively stable in different grazing stages . RA pattern of the plant wasprobably determined by its genetic characteristics , and not greatly disrupted by grazing . The largest part of abovegroundbiomass was invested in leaves , the second largest in stems . Our results showed that one of the resource allocation strategies of
S . chamae j asme is to use resources for vegetative grow th rather than reproductive grow th .
ReferencesXing F , Guo JX . , ( ２００１ ) . Comparative analysis of interspecific association for the three grazing successional stages on

Cleistogenens squarosa steppe .A cta Phy toecologica Sinica , ２５(６ ) :６９３‐６９８ .Xing F , Guo JX & Wei CY . , (２００４) . Judging method of individual age and age structure of Stellera chamae j asme populationin degraded steppe . Chinese Journal A p p lied Ecology , １５ (１１) :２１０４‐２１０８ .



瞯 ]146　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Effects of air velocity on eco‐physiological characteristics of some common herb species in
Horqin sand land , Inner Mongolia , China
G .Y . Yue , H .L . Zhao , H . Qu , L . N iu
Cold and A rid Regions Env ironmental and Engineering Research Institute , Chinese A cademy o f Sciences , 320 Donggang
West Road , L anz hou 730000 , PR China . E‐mail : yuegy＠ lzb .ac .cn (G －Y . Yue)
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Introduction Wind is common in nature and poses impact to the development of plants .Wadsworth ( １９５９) and Kitaya Y (２００４)reported that there were optimum air velocities for plant grow th at ０ .２‐０ .７ m s‐１ . However , little is known so far about theeffect of single wind factor on plants . Information on these studies is required for a better understanding of the effects of airvelocity on eco‐physiological characteristics of plant species .
Materials and methods The present research was initiated to study effects of different air velocities (４ and ８ m s‐１ ) and blowingduration (２０ to １２０ min) on eco‐physiological characteristics of some common sand‐fixing herb species by using the portablewind tunnel to simulate natural wind . The herbs (A griophy llum squarrosum Moq . , Corispermum macrocarpum Bge . ,
Digitaria cilliaris Koeler) in situ were set in a portable wind tunnel (３ .５ × ０ .５ × ０ .５ m３ ) under field conditions as shown inFigure １ , the sample chamber of which was designed as colorless and transparent toughened glass . The net photosynthetic rates
( Pn) and transpiration rates ( Ts) were determined by using Li‐６４００ Photosynthesis System .

Figure 1 Schematic diagrarm o f w ind tunnel simulation ex periments .

Results It was found that the Pn and Ts of these three herbs decreased significantly with elevated wind levels and blowingduration . At the air velocity of ４ m s‐１ , the Pn and Ts of plants inside the wind tunnel were ５４ .３％ ‐８７ .６％ and ４９ .６％ ‐８４％lower than that outside at the end of measuring time , respectively . The most greatly reduced Pn value of ２ .１ μmol CO２ m‐２ s‐１was observed in C . macrocarpum as compared to control value of １７ μmol CO２ m‐２ s‐１ outside . In contrast , Pn values of A .
squarrosum reduced from １８ .１ to ６ .９ μmol CO２ m‐２ s‐１ , while D . cilliaris reduced from １５ .４ to ８ .１３ μmol CO２ m‐２ s‐１ .Similarly , photosynthesis and evaporative demand remained lower as a result of ８ m s‐１ air current , e .g . in C . macrocarpum ,
Pn and Ts were taken as １ .５８ μmol CO２ m‐２ s‐１ and １ .０９ mmol H２ O m‐２ s‐１ , respectively . Furthermore , water use efficiency(WUE) presents evident uptrend at the beginning of wind treatment , suggesting that sand‐fixing herbs have adaptability towind current . However , continuous strong wind event more than ６０ min would also cause WUE turn to drop .
Conclusions Strong air movement around plants causes considerable effects on plant grow th promotion by suppressing the gasand heat exchanges in the leaf boundary layer thereby decreasing photosynthetic and transpiration rates . The inhibitory effectincreased with more intensive and longer time wind menace . Considering blown sand is frequent and complex in Horqin SandLand , the further question arises as to study the effects of wind‐sand blow on grow th characteristics of some sand‐fixing plants .
ReferencesWadsworth , R .M . , (１９５９) . An optimum wind speed for plant grow th . A nnals o f Botany ２３ (８９) , １９５‐１９９ .Kitaya , Y . , Shibuya , T . , Yoshida , M . , Kiyota , M . , ( ２００４ ) . Effects of air velocity on photosynthesis of plant canopiesunder elevated CO２ levels in a plant culture system . A dvances in Space Research ３４ , １４６６‐１４６９ .
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Effect of exogenous hormone and explants maturity on callus induction in Psathyrostachys
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Introduction Psathy rostachys j uncea ( Russian wildrye) is a cross‐pollinated , long‐lived perennial bunchgrass , and is the onlyspecies which achieved recognition as an important forage grass in the Psathy rostachys genus ( Asay .K .H .et al .１９９６ ) . It isexceptionally cold and drought tolerant . Only ２ cultivars were released in China , both were selected from natural populationsdistributed in Xinjiang China . An improved new strain ( P８４０１ ) have obtained by Inner Mongolia Agric Univ . The parentalgermplasm was cultivar Bozoisky‐select which introduced from USDA‐ARS .FRRL . Tissues culture is the basis of somaticembryo propagation and genetic transformation in further breeding . The research aimed to discuss the effect of the samplingtime of callus induction , medium screening , hormone regulation and the maturity of explants on the callus induction in
Psathy rostachys j uncea .
Materials and methods inflorescences and immature embryos in ２ varieties ( strain) , Shandan and P８４０１ of P .j uncea were takenas explants , to inoculate on MS and N６ basic medium with appending different hormones , including containing ０ , ２ , ４ or ６mgL － １

２ ,４‐D ; ０ , ０ .２ , ０ .４ or ０ .６ mgL － １
６‐BA ; ０ , ０ .３ , ０ .５ , １ .０ or １ .５ mg L － １ ABA ; ０ or ５００ mg L － １ CH . Unemergedinflorescences at booting stage were cut and placed in ４ ℃ low temperature for ７２ hours , divided into ５groups according to theirlength from １ cm to ６ cm , then immersion disinfection in ７０％ ethyl alcohol for ３ min and ０ .１％ HgCl２ for ７ min ,wash ４ timeswith sterile water , cut into ３ mm long sections and inoculate on media . After pollinated the immature seeds were collected from

８
th d to ２３th d and placed in ４ ℃ low temperature for ２４ hours , immersion disinfection in ７０％ ethyl alcohol for ３０ sec and ０ .１％HgCl２ for ５ min ,washed ４ times . The immature embryos were picked out from scutum of seeds and inoculate on media afterglumes were taken away . Explants were Cultivated in darkness for ２ weeks at ２５ ℃ then transfer to ４０００ Lx light intensity .Data was recorded after ３ weeks of culture . Embryogenic callus were counted according to Armstrong(１９８５) .
Results The callus quality induced by ２ kinds of explants and medium , MS and N６ had no obvious difference . The optimuminduction medium for inflorescences of Shandan was N６ with adding ２ mg L － １

２ ，４‐D and that for P８４０１ was MS with adding
６mg L － １

２ ，４‐D . Adding abscisic acid ( ABA ) to MS medium could significantly promote the grow th of callus . The suitableconcentration of adding ABA for callus culture of inflorescences in Shandan was １ .５mg L‐１ and that for P８４０１ was ０ .３mg L‐１ .Casein hydrolysate ( CH) only had the effect of accelerating the grow th of callus , its promotion effect on the callus induction of
P .j uncea was little . Taking neonatal inflorescences materials with the length of １‐２ cm as explants for callus induction wasmost ideal for P８４０１ and the callus induction rate of more mature inflorescences on MS medium with the length of ５‐６ cm washigher than inflorescences for Shandan . The optimum immature embryo age of Shandan was １１‐１４d , and that for P８４０１ was
１４‐１７d . The suitable induction medium for immature embryo of both varieties was MS with adding ２ mg L‐１ ２ .４‐D and ０ .２ mgL‐１ ６‐BA .
Conclusions Embryogenic callus could be induced from Both kind of explants , inflorescences and immature embryos in P .
j uncea . Both MS and N６ with adding ２ ,４‐D could be used for the callus induction . ABA could promote callus induction ofinflorescences and ６‐BA with low concentration have positive effects on immature embryos induction in P .j uncea .The samplingtime of explants was key factors in the process of tissue culture . Two varieties with different original area have significantly
genetic difference in callus induction .
ReferencesAsay , K . H , and K . B . Jensen . ( １９９６ ) .Wheatgrasses .p .６９１‐７２４ . IN L . E . Moser et al . Cool‐season forage grasses .

A gronomy Monograph no .３４ .ASA ,CSSA ,and SSSA , Madison , WI .Armstrong C L , Green C E . Establishment and maintenance of friable embryogenic maize callus and involvement of L‐proline .J Planta . １９８５ ,( １６４) :２０７‐２１４ .
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Effects of Atriplex canescens on planted areas in Iran
M .A . Zare Chahouki１ ,M . Jaf ari２ ,H . A z arniv and３ ,M . Shaf i Zadeh
１ ,３ A ssistant Pro f essors , Department o f Rehabilitation o f A rid and Mountainous Regions , University o f Tehran . E‐mail :
maz are＠ ut .ac .ir ２ Pro f essor , Department o f Rehabilitation o f A rid and Mountainous Regions , University o f Tehran .
３ MSc . o f De‐deserti f ication , Natural Department o f Rehabilitation o f A rid and Mountainous Regions , University o f
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Introduction Plantation of favorable species is one of essential achievements for mentioned aims . Before plantation of exoticspecies in vast areas , they must be tested in small regions . In this research , it was surveyed ecological effects of A trip lex
canescens . Other researches were done on A trip lex canescence by other Iranian researchers ( Table １ ) . Present study surveyssome ecological effects in A trip lex canescens in land reclamation . There are different opinions about A . canescens positive andnegative effects on the planted areas environment and vegetation . Some studies dedicate that A . canescens planting has lead topositive results in the degraded rangelands , while , others refer to its negative results . Table １ shows desirable and undesirableresults of A . canescens planting in Iranian rangelands .
Table 1 E f f ects o f A . canescens p lanting on soil and vegetation p roperties .
Source of data Study area Summary of results
Khalkhali ( １９９７ ) Shahryar and Gonbad‐e‐

Kavoos
Cover percentage has decreased in planted area compared to control area ; Higher diversity in
planted area ; Low nutrition levels in planted area

Naseri ( １９９６ ) Jupar‐Kerman Great number of brushes in control area ; More production in control area ; Smaller cover
percentage in planted areaT here was no difference between pH and EC in two areas ; OM decreases in planted area

Naseri ( １９９８ ) Kabutarkhan‐Rafsanjan Relatively equal number of brushes per area unit in both areas ; More production in control
area ; Larger cover percentage in control area ; T he same diversity on both areas
No different between N , P . , K , Na , pH , EC , OM , clay and sand two areas

Abbarik‐Gonabad Smaller density and cover percentage in planted area
No difference between PH and EC in two areas ; OM decreases in control area

Abbas‐Abad Mashhad A decrease was observed in mentioned species density and cover percentage in planted area ;
Increase of H ultemia persica was considerable in planted area

Chah Norooz‐
Neishabour

Decrease of S tip a lassiginana density in planted area

Chalak Haghighi
( ２０００ )

Kazeroon‐e‐Fars Presence of class I species has decreased in planted area due to favor created microclimate ;
Increase of ％ OM in planted area

Henteh ( ２００２ ) Aghzi Gang Zarand Vegetation properties showed bet ter condition in planted area ; N , P , K , pH , EC ,％ OM ,
pH , EC and K have higher levels in planted area compared to control area

Results and discussion Regarding Table １ results , it is clear that A . canescens and A . lenti f ormis planting contain both positiveand negative effects on soil and vegetation characteristics of the planted areas . The kind of effects ( positive and negative) ismainly influenced by planted area conditions and management . Cutting the aerial tissues ( sources of salinity in A trip lex ) aslivestock forage and animal grazing in a season with the least leave and seed falling ( which increase soil salinity ) are the twofavor practices that management should apply in order to prevent soil salinity due to A trip lex planting .
To reduce animals illness due to A trip lex grazing , suitable grazing season observance using supplementaries and intercroppingis necessary . Chisci et al (２００１ ) states that cultivating A trip lex with legumes produces high quality forage . Totally , a goodmanagement is needed to cultivate A . canescens in degraded rangelands in arid and semi arid environment in order to get idealresults . This species can be referred as a pioneer species which approves the condition of planted area , sequently can be used inreclamation of degraded ranges or arid environments .
ReferenceChalak Haghighi S .M . , ( ２０００ ) . Investigation on some effects of A trip lex lenti f ormis on soil and plant properties in Fars
province . MSC thesis in Natural Resources College of Tehran University .
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Changes in content of endogenous hormones in alfalfa leaf under different water stress
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Introduction The study on the different content of hormones and change dynamics of the ratio of hormones under water stress isof great significance to reveal the drought resistance mechanism of the plant ( Davies et al . ,１９８６ ) . With ELISA method , theobject of this study is the main hormones ABA , IAA , GA３ and ZR in the plant under different water stress .

Figurel 1 The change o f IA A 、GA 3 content
under water stress .

　 　 　 　

Figurel 2 The change o f ZR 、ABA content
under w ater stress .

Figurel 3 The change o f ZR /A BA 、
ZR / LA A under water stress .

　 　 　 　 　 　

Figurel 4 The change o f A BA / ( IA A
＋ ZR ＋ GA3) under w ater stress .

Materials and methods Alfalfa materials for test are Argentina germplasm ( ZXY０４P‐４４ ) w ith strong drought resistance andLibya germplasm (ZXY０４P‐３１０ ) w ith weak drought resistance , both grown in pot .The test involves four soil water ( SW )treatments repeated for thrice .T reatment A ( normal water supply ) , SW :７５％ ～ ８０％ ;T reatment B ( mild water stress) , SW :
６５％ ～ ７０％ ;T reatment C (moderate water stress) , SW :５５％ ～ ６０％ ;T reatment D ( severe water stress) , SW :４０％ ～ ４５％ .
Results and analysis Under T reatment A , the content of EHs in ZXY０４P‐４４ IAA decreased , the increase of EHs in ZXY０４P‐４４is １ .６６ times more than that in ZXY０４P‐３１０ . Among the treatments , the changes are not significant ( P ＞ ０ .０５ ) , comparedwith T reatment A , the water stress increased significantly ( P ＜ ０ .０５ ) , The content of ZR in ZXY０４P‐４４ under T reatment Ddecreased by ４６ .２６％ , the difference is not much compared with the decrease of the content of ZR by ４６ .３３％ in ZXY０４P‐３１０under mild water stress , while the decrease is ６４ .６９％ in ZXY０４P‐３１０ under T reatment D . The variation of ZR/ABA inZXY０４P‐４４ under T reatment B is not significant ( P ＞ ０ .０５ ) , while the variation in ZXY０４P‐３１０ among the treatments issignificant ( P ＜ ０ .０５) , the value of ZR/ABA under severe water stress is ０ .４６ . The variation of ZR/ IAA value in two kinds ofalfalfa is significant ( P ＜ ０ .０５) . And ZR/ IAA value in ZXY０４P‐４４ is on the small side . The value of ABA / ( IAA ＋ ZR ＋ GA３ )in two kinds of alfalfa under T reatment B decreased( Figure １ ,２ ,３ ,４ ) .
Conclusions With the increasing degree of water stress , with the exception that IAA and ABA content gradually increases ,indicating the water stress improved the potential regulating capacity of IAA ; ABA content increased in ZXY０４P‐４４ underT reatment D , indicating the capacity of alfalfa with strong drought resistance in directly resisting water stress under severedrought condition is stronger than alfalfa with poor drought resistance . Under water stress , alfalfa releases water shortagepressure by slowing grow th rate . According to ZR/ABA , ZR/ IAA , ABA / ( IAA ＋ ZR ＋ GA３ ) ,under water stress , theantagonism of ZR and ABA in two kinds of alfalfa goes towards a stomata closure trend ; With increasing degree of waterstress , ZR/ IAA value in alfalfa gets smaller and smaller , which will benefit the root system grow th of the plant , the ZXY０４P‐
４４ value is the smallest under severe water stress , indicating benefit to root system grow th . ABA / ( IAA ＋ ZR ＋ GA３ ) valuedecreased and then increased , indicating four hormones in two kinds of alfalfa coordinate towards direction of inhibiting grow thunder mild water stress and towards direction of promoting grow th under moderate and severe water stress , and the grow thpromotion trend in ZXY０４P‐４４ is stronger .
ReferenceDavies W . J . , Metcalf J . , Lodge T . A . , Plant grow th substance and the regulation of grow th under drought .A us J Plant

siol ,１９８６ ,１３ :１０５‐１２５ .
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Effects of grazing and mowing on vegetation characteristic in Leymus chinensis grassland
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Introduction Grazing and mowing are primary methods for utilization of grasslands , but they also greatly influence grasslandecosystem and population characteristics . Grazing and mowing can affect plant‐species composition , species richness and
productivity ( Connell , １９７８ ; Belsky , １９８６) .
Materials and methods The site was located at the south of the Xilingol‐steppe grassland , where grazing and mowing are the
principal means of land utilization . Mean annual rainfall was ２９７ mm and the soil type was chestnut . The site was dominated byperennial native grasses (８０％ ) such as Leymus chinensis , Poa annua and Stipa grandis . Total species quantity ( S : species/m２ ) , coverage ( C) , dominance (D) and density (D摧 : tillers of grasses , plants of other species/m２ ) were measured in August
２００５ ; Community diversity was estimated by species richness ( Margale index ) , diversity ( Shannon‐Wiener index ) andevenness ( Pielou index) .
Results Mowing was more effective than grazing at increasing perennial herbage coverage and dominance , but mowing decreasedtotal species quantity and density . All annual herbage indices were higher for grazing than for mowing ( Table １ ) . This wasmainly due to an increased number of tillers with grazing . Species richness , diversity and evenness were higher after grazingthan with mowing ( Figure １ ) . Grazing also increased species diversity but reduced dominance of Leymus chinensis .
Table 1 Species characteristic under di f f erent utiliz ed w ays .

lifeform
mowing grazing

S C D摧 D S C D摧 D
PH ２４ 靠９４ 煙.７ ８９２ 蝌９４ 换.８ ２７ k８８ K.７ １６４９ 档９３ 　.７
AH １ è０ 垐.７ ０ 枛.２ ０ 崓.５８ ３ T７  .７６ ６ B.９ ３ s.９３

Note : PH : perennial herbage ; AH : annual herbage

Figure 1 Diversity o f community under di f f erent utiliz ed w ays .

Conclusions Effects of different utilization methods of grassland vegetation were described . Mowing led to increased coverageand dominance of perennial herbage compared to grazing , but grazing increased species quantity and diversity .Grazing increasedspecies richness , diversity and evenness when compared to mowing . Grazing also increased the diversity of plant species , andreduced the dominance of Leymus chinensis , which lowered overall palatibility of these pastures for livestock .
ReferencesConnell , J . H . , (１９７８) . Diversity in tropical rain forest and coral reefs . Science １９９(２４) :１３０２‐１３１０ .Belsky , A . J , (１９８６) . Does herbivory benefit plants ? A review of the evidence . Am . Nat . １２７(６) :８７０‐８９２ .
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Introduction Swamp vegetation is a kind of plant vegetation , which is mainly made up of helophyte grown under soil moisturesaturated . Because this ecological environment occurs in each zone , helophyte belongs to azonal type ( Wu １９８０ ) . MaquMeadow is famous swamp distribition and has large acreage . To do this study has any importantance to utilization of swampvegetation resources .
Materials and methods Maqu Meadow locates in southwest of Gannan Plateau , altitude is ３３００ m , the annual rainfall is ６５０ mmand the annual average temperature is １‐２ ℃ . It has ２０００ ha swamp and swamp meadow , which accounts for １０畅１２％ of thewhole country摧s pasture . North from Horse Farm of Hequ and through Manrima Town , and south to Cairima Town , it hasvery large acreage of swamp and rich vegetation resourses .
Results Maqu meadow could be divided into two kinds and four formations .
Cyperus rotundus swamp
Blysmocarex nudicarpa mainly distributed in the altitude of ３０００ m waterlogged area such as Huanghe old way , river‐alongzone and low land area of the first tributary . In this area , C . melanostachya was constructive species , Ophiopogon bodinierii ,
Kobresia kansunensis were sub‐constructive species , and T riglochin palustre , T riglochin maritimum , Halerpestes sarmentoseand Ranunculus hirtellus were companion species . Coverage was ７０％ to ９０％ and forage yield was １５００ kg / ha .
Carex brunnescens mainly distributed in the altitude of ３４００ m to ３８００ m , which included beaches such as Oulazgaxi ,Manermaqiaoke , Caiermawenbao and so on . In this area , Carex atro‐f usca was constructive species , Blysmus sinocomp ressuswas sub‐constructive species , and H . p alustris , Carex scaposa , Sangnuisorba f ili f ormis , Cremanthodium p lantagineum and
T riglochin palustre was companion species . Total coverage was ７０％ to ８０％ and forage yield was ７７８５ kg / ha .
Eleocharis v alleculosa F . setosa mainly distributed in seasonnal or year‐around waterlogged area , which was ２１ km from Maqucounty . H . palustris was constructive species , Polygamum amphibium and Leontopodium leontopodioides were sub‐constructive species , and Leymus angustum , Potentilla anserina and Potentilla bi f urca were companion species . Totalcoverage was ５％ to ６５％ .
Grass swampPolygonum amphibium distributed in waterlogged area of Maqu Dashui . Plant vegetation was mainly Polygonaceae grasses .Total cpcerage was about ５％ .
Conclusions Because Maqu meadow belonged to moist area of Qinghai‐Xizang Plateau , it similars to Ruoergai Swamp information , classification and plant composition . Soil was mostly swamp or slugh , and plant vegetation was those widelydistributed species all over the world .
ReferenceWu Z . Y . , (１９８０) . China Vegetation , Beijing : Science press .
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Structures of the dormancy modules on Puccinellia tenui f lora populations in alkalinized meadow
in the Songnen Plains of China
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Introduction Puccinellina tenui f lora , a perennial grass of tuft , and forms larger area monodominant communities in alkali‐patches with loss of surface soil . Its economic value is considerable greater because of better capability of tolerance to the saltand alkali stress in alkalinized meadow in the Songnen Plains of China ( Zheng and Li , １９９３ ) . There were some reports aboutthe bio‐chemical mechanism , bio‐ecological characteristics , the characteristics of production , etc ( Yang and Zhu , １９９４ ) .However , the researches of the dormancy modules of P . tenui f lora populations have never been reported . Structures thedormancy modules were compared and analyzed on P . tenui f lora populations in two pastures for haying and grazing in theSongnen Plains , which may not only accumulate science materials on population ecology of tuff clone plant but also providescientific evidence to suitable utilization of .alkalinized meadow .
Materials and methods The research was conducted in natual alkali meadow , located at the Pasture Ecology Research Station ofNortheast Normal University , Changling , Jilin province of China ( ４４°４５′N , １２３°３１′E ) which has temperate half‐humidcontinental monsoon climate . The P . tenui f lora populations were sampled in two pastures for haying and grazing on earlyOctober , ２００４ . The sample area is ２５ cm × ２５ cm with six replications . The number of dormancy buds and dormancy seedlingswere counted to each sample , respectively . That was changed from the sample area into the routine unite area of １ m × １ m(Zhang , et al . , １９９３) .
Results The dormancy modules of P . tenui f lora populations consisted of dormancy buds and dormancy seedlings in the SongnenPlains at the end of the grow th season ( Table １) . The total number of dormancy modules on the populations was more ７４ .７％in the haying pasture than in the grazing pasture . Thereinto , the number of dormancy seedlings in the haying pasture was twicein the grazing pasture , the number of dormancy buds is the same in general . That showed the formation of dormancy modules ,especially dormancy seedlings of P . tenui f lora populations could be promoted by haying using . Though there was largerdifference on the number of dormancy modules and its compositions of P . tenui f lora in the two plots , there was still thesimilar characteristic of structures , that摧s to say , dormancy seedlings held a dominant position . The dormancy seedlings were
５ .９ times of dormancy buds in the haying pasture , while the dormancy seedlings were ２ .８ times of dormancy buds in the
grazing pasture .Therefore , that would conclude that were favorable to the formation of dormancy seedlings of P . tenui f lorapopulations by using both haying and grazing .
Table 1 Structures o f dormancy modules o f P . tenuiflora populations in di f f erent samp le p lot .

Sample plot Seedling Bud Total
Number /m２  Percent ( ％ ) Number /m２ 殮Percent ( ％ ) Number /m２  Percent ( ％ )

Haying ５２５４ �.４ ± ２５６８ .１a ８５ 屯.６ ± ５ .４a １０１１ 妸.２ ± ８９１ .２a １４ G.４ ± ５ .４a ６２６５ 眄.６ ± ３３８０ .８a １００ �
Grazing ２６０８ ± １１６０ 9.２b ７３ 吵.６ ± １１ .３b ９７９ s.２ ± ８０４ .８a ２６ -.４ ± １１ .３b ３５８７ 觋.２ ± １８２０ .８b １００ �

Conclusions In the Songnen Plain , P . tenui f lora populations were in the stage of flowering and fruit setting in June , then werethe vegetative grow th stage after full ripeness . The forming vegetative tillers would not lived through the winter since whichwould enter the jointing nodes grow th stage before the middle of August . But the forming vegetative seedlings would hibernateand continue to grow next year for the reason that would not enter jointing nodes after the middle of August . The phenomenonof top dominance universally existed in plants . The top dominance of all tillers was removed in the haying pasture after earlyAugust but the top dominance of part tillers was removed in the grazing pasture , which indicated that the formation ofdormancy modules , especially dormancy seedlings would be promoted to P . tenui f lora populations by haying utilization .
ReferencesYang Y . F . , Zhu L . ,( １９９４ ) . Analysis of winter dormancy characters of vegetative forms in fif teen perennial grass speciespopulation in the Songnen Plain of China .[ J] A cta Prataculturae Sinica , ３(２) :２６‐３１ .Zhang L . H . , Zhao J . M . , Yang Y . F . ,( ２００６ ) . Influences of the dormancy modules of Puccinellia tenui f lora populationunder using for grazing and cutting in alkaline meadow .[ J] Pratacul Tural Science , ２３( ４) : ８‐１１ .Zheng H .Y . , Li J . D . ,( １９９３ ) . The grassland vegetation and its utilization and conservation on the Songnen Plains .[ M ]Beijing : Science Press , ４０‐４４ .
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A virtual growth model of the whole structure and dynamics of Lespedeza dahurica
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Introduction The environmental and ecological functions and breeding values of forage rely mainly on their development and
grow th . The functional‐structural plant models ( FSPMs) are promising way to quantify the development and grow th of plants( Yan et al . , ２００４) . This paper presents our new result of building FSPM for forage , mainly describing its whole structure ,including shoot and root systems .

　 Figure 1 I llustration o f dual‐scale automaton model
o f Lespedeza dahurica . The lowercase and cap ital
letters w ith subscribing number stand f or the
iterating cycles o f microstate and macrostate ,
respectively . The arrows between macrostates stand
f or the trans f ered direction w ith f inishing its
iterating cycles o f macrostates .

Principles of structural model description The whole structuralmodel of forage was described by using of dual‐scale automaton
( Zao et al . , ２００１ ; Zhang & Li , ２００６ ) . According tocharacteristics of the external morphology and grow th processes of
Lespedez a dahurica , as a special case , the physiological ages ( PA)were set １０ , to describe the basic grow th unit of Lespedez a
dahurica , PA ０ represented seed ; PAs ranging from １ to ６represented basic grow th units of shoot system , and PA rangingfrom‐１ to‐３ represented basic grow th unit of root system . Therelationships between different basic grow th units were illustratedin Figure １ .The whole structural model of Lespedez a dahurica wasdeveloped by combing basic grow th units of different PA with themicrostates , macrostates and inter‐relationships ( Figure １) .
Parameterisization of model and simulating results Using the
greenhouse potted‐experiments , the parameters of structural modelof Lespedez a dahurica were obtained . These parameters includeiterating numbers of microstate and macrostates , grow th
probabilities of different buds and branch probabilities . Structure

　 　 Figure 2 V irtual 3D structure o f Lespedeza dahurica
under di f f erent grow th cycles .

model of Lespedez a dahurica was used to simulate the dynamicstructure of Huzhizi under different grow th cycles ( Figure ２ ) . Thestructures of Huzhizi included the numbers , grow th ages ofdifferent basic grow th units and relationships among them .
Conclusions A virtual grow th model of the whole structure anddynamics of Lespedez a dahurica was developed , including shootand root part at the same detailed scale . By changing the model
parameters , the determined and stochastic structure of Lespedez a
dahurica can be obtained . This is the underlying to complementthe function and feedback between structure and function offorage , and to develop the mechanical plant modes which are morefaithful to plant grow th process .
ReferencesYan , H . P . , Kang , M . Z . , de Reffye , P . & Dingkuhn , M .
( ２００４ ) . A dynamic , architectural plant model simulatingresource‐dependent grow th . A nnals o f Botany , ９３ , ５９１‐６０２ .Zhao , X . , de Reffye , P . , Xiong , F . L . , Hu , B . G . & Zhan , Z .G . ( ２００１ ) . Dual‐sacle automaton model for virtual plantdevelopment . Chinese Journal o f Computers , ２４ , ６０８‐６１５ ( inChinese) .Zhang , W . P . & Li , B . G .( ２００６ ) . A Three‐Dimensional ModelSimulating the Development and Grow th of Cotton RootSystem . Journal o f System Simulation , Sup p１(１８) , ２８３‐２８６ .
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Effect of saline‐alkali stress on physiological characteristics of grain amaranth seedling
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Introduction The stage of seed germination is a sensitive period to salt . According to the actual situation of drought and saline‐alkali areas in north , the research treated amaranth seed with mixing salt solutions to discuss that injury and mechanism ofadaptation in relation to saline‐alkali stress for grain amaranth , and provide theoretical basises to cultivation and selection ofseed resisting saline‐alkali stress in drought and saline‐alkali areas of north .
Material and methods Seedling of red amaranth K１１２ ,red amaranth R１０４ and wild amaranth was cultured in outside on June of
２００７ ; seedlings were watered with Hoagland solution every three days , other time was used water to spread . When seedlingshad five‐leaves year old , they was respectively treated with four different concentrations by combining NaCl , Na２ SO４ ,NaHCO３ and Na２ CO３ with １ :９ :９ :１ of substance ratio , Per treatment concentration repeated ３ times ; They was randomlyarranged . After １５ days treating ,we started to determine physiological indexes .
Results With increase of treatment concentration , the relative conductivity in red amaranth K１１２ and R１０４ a little increased ,but that of wild amaranth significantly increased under moderate and high concentration of treatment ; From the table１ we alsocan see clearly that chlorophyll content delined with increasing concentration of treatment , and that in red amaranth R１０４ andwild amaranth which had high content of chlorophyll itself ex tremely decreased , it illustrated that saline‐alkali stress destroyedchlorophyll in wild amaranth and red amaranth R１０４ .
Table 1 E f f ect o f saline‐alkali stress on physiological characteristics o f amaranth seedling .

variety T reatment( mol/ L ) RelativeConductivity ( ％ ) Chlorophyll( mg / g ) Proline ( ug /
g ) Soluble Sugar( mg / g )

CK １８ 噜.８１bA １ 滗.４０aA ３４２ 妹.５０bB ２１５ F.０７bcAB
Red amaranth ０ M.１ ２２ 噜.０５abA １ 滗.３５abA ３７２ 妹.９１bB １８７ F.８４cB
K１１２ 倐０ M.２ ２３ 噜.９４aA １ 滗.３４abA ５６２ 妹.５０aA ２８４ F.０６abAB

０ M.３ ２２ 噜.５５abA １ 滗.２５bA ３２２ 妹.９１bB ３１９ F.１５aA
CK ２２ 噜.０４aA ２ 滗.０８aA ３６３ 妹.３３bB １２０ F.７１dC

Red amaranth ０ M.１ ２４ 噜.３５aA １ 滗.６２bB ３８３ 妹.３３bB １７０ F.３８cBC
R１０４ }０ M.２ ２１ 噜.１７aA １ 滗.３９cB ５４１ 妹.６６aA ２１３ F.３１bB

０ M.３ ２１ 噜.６５aA １ 滗.１２dC ３５２ 妹.０８bB ３０４ F.９４aA
CK ２０ 噜.０９bB ２ 滗.５９aA ３３７ 妹.５０bA ８５  .３８bB
０ M.１ １９ 噜.３９bB １ 滗.９２bB ３５０ 妹.００abA １３６ F.０３bAB

Wild amaranth ０ M.２ ２９ 噜.６４aA １ 滗.８４bB ４１０ 妹.４１aA １３９ F.２５bAB
０ M.３ ２５ 噜.２３aAB １ 滗.３６cC ２９５ 妹.８３abA ２６８ F.４５aA

According to the figures in Table １ ,we can see clearly that proline content of three varieties of grain amaranth first increasedand then decreased with increasing treatment concentration and significantly increased on condition of moderate concentration ;Meanwhile this table also shown that soluble sugar content of three grain amaranth increased with increase of treatmentconcentration ,and significantly increased under high content of treatment . Moreover their content in red amaranth K１１２ andR１０４ were more than in wild amaranth .
Conclusions The ability of red amaranth R１０４ and K１１２ in relation to resist saline‐alkali stress were stronger than that of wildamaranth , so seedling of red amaranth R１０４ and K１１２ could normally grow in saline‐alkali areas where wild amaranth wasdistributed . Overall , proline and soluble sugar were osmotic substance of grain amaranth to adjust saline‐alkali stress .
ReferenceErdei L . ,Taleisnik E . ,Changes in water relation parameters under osmotic and salt stress in maize and sorghum .[ J ] Plant

Physiol ,１９９３ ,８９ :３８１‐３８７ .
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College o f A nimal Science , Y unnan A gricultural University , K unming 650201 , China . E‐mail :z hang j l‐z＠ １６３ .com
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Introduction The soil seed bank means the vigorous seeds existing in the soil surface , or buried in the soil , duff or litter , in thecertain period and place ( Andreza ,M .M . and Vera ,L .E .２００７ ) . Soil seed bank plays an important role in the communitycomposition and vegetation evolution . Although soil seed bank have been the subject of much recent attention , little is knownabout the relationship of the soil seed bank and vegetation in Hot‐Dry Valley摧s grassland of Jin‐Sha River and understanding ofhow these interact to determine the importance of soil seed bank to vegetation ecosystem摧s succession is limited ( Luo H . andWang K .Q .２００６ ) .
Materials and methods The study was conducted in Yongsheng county of Yunnan province . The mean annual temperature is
２２ ℃ and the mean annual rainfall ８９１ mm . The most rain fall during June to October . The dry season is from November toMay . Soil is brown yellow with pH ６ .７ . The grassland is the typical �Savanna" . The representative degeneration grasslandwas enclosed on JinSha River Hot‐Dry Valley in ２００４ . Soil seed bank was sampled in March ２００５ and ２００６ . The randomsampling was used within each sampling region of enclosure and degeneration grassland ( as control ) . Nine plots were takenfrom each sampling region with three replicates square (２０ cm × ２０ cm) . Total soil samples were ２４３ . The sampling depth was
５cm , total depth １５ cm in every sample square . Soil samples were sorted to eliminate plant fragments and stones and kept inventilating bags . Seed germination test began in April ２００６ . The soil samples were placed in greenhouse that temperaturesranging from １８ ℃ to ２５ ℃ . Each sample was spread out flowerpots (２５ cm) to the depth of ４cm over seedbed soil ( the soil waspreviously sterilized and killed seed by １５０ ℃ ) . All pots were watered as needed to keep the soil moist . The research ofvegetation began October ２００５ and ２００６ .

Figure 1 Relationship between soil seed
bank density and vegetation total
density .

　 　

Figure 2 Relationship between soil seed bank and vegetation
density o f perennial and annual herbage . ( A : annual . P :
perennial .)

Results Seed bank and vegetation density values in this study were found increased significantly ( P ＜ ０ .００１ ) compared withother unclosed grassland . Regressions showed a significant relationship ( P＜ ０ .０１ ) between seed bank density and vegetationdensity when the data of individual species were analysed . Density of the seed bank varied with increasing density of vegetationcan be described by a quadratic curve ( Figure .１ ) . The perennial and annual herbage were analysed and the high perennialherbage seed bank density with the vegetation density showed the positive regression ( P ＜ ０ .０１ ) , but the short perennialherbage are negative regression ( P＜ ０ .０１) . However , the relationship of the seed bank density and vegetation were oppositevariation ( P＜ ０ .０１) of the annual herbage摧s seed density compared with the perennial herbage ( Figure .２) .
Conclusions The results indicate that both of the soil seed bank and vegetation density have significant positive regression ongrassland . The perennial and annual herbage摧s seed bank and vegetation density have significant regression , which it depend oncharacteristics of vegetation form .
ReferencesAndreza ,M .M . , Vera ,L .E . , ( ２００７ ) . Soil seed banks in tropical forest fragments with different disturbance histories insoutheastern Brazil . Ecological Engineering ３１(３ ) , １６５‐１７４ .Luo ,H . ,Wang ,K .Q . ,( ２００６ ) . Soil seed bank and above vegetation in jinshajiang Hot‐Dry River Valley Hillslope vegetationrestoration site . A cta Ecologica Sinica ２６ (８ ) , ２４３２‐３４４２ .
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The study on the photosynthetic characteristics of three Melilotoides ruthenica strains
Zhao L ili１ ,W ang Zhaolan 倡 ２ ,L i Qing f eng１ ,Du j iancai２ ,Mao X iaotao２
１ College o f Ecol . and Env . Sci . , Inner Mongolia A gric . Univ . , H uhhot , Inner Mongolia 010019 P .R . .China .
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Introduction M . ruthenica ( L .) Sojak is a relatively new forage crop and may also be a source of genes for the geneticimprovement of cultivated alfalfa (Medicago sativ a L .) for stress tolerances . Many researches about it have been made , butthe researches about the photosynthetic characteristics , are few . In the present paper , mathematical modeling was used tocalculate the light response curves of three M . ruthenica strains to compare their photosynthetic characteristics .
Materials and methods Research was conducted in Zhenglan Banner (４２°１６′S , １１５°５７′E) in August ２００７ . Three M . ruthenicastrains (９０‐３６ , ００‐６１ and ００‐８１) domesticated by Grassland Research Institute of Chinese Academy of Agricultural Science . ALi‐cor‐６４００ portable photosynthesis system ( LI‐COR , USA) was used to measure net photosynthetic rate ( Pn) from ８ :３０ to
１１ :３０ a .m . The leaf was illuminated at the PPFD of ２０００ , １５００ , １２００ , １０００ , ８００ , ６００ , ４００ , ２００ , １５０ , １００ , ５０ and ０ μmol爛 m‐２ 爛 s‐１ , Pns were recorded and the response curves were estimated through a non‐linear regression , using the non‐rectangular hyperbola model of Farquhar ( １９８０ ) . Fundamental parameters , such as the apparent quantum yield ( AQY ) , themaximum net photosynthetic rate ( Pmax ) , Light compensation point ( LCP) ,light saturation point ( LSP) , and dark respirationrate ( Rd) , were determined according to Guo J .(２００５) .
Results Figure １ showed the predicted net photosynthetic rates by the models against the observed values for the three strains .Fundamental parameters of the response curves were given in Table １ . The correlation coefficients ( R２ ) were statisticallysignificant and above ０ .９２３ . There were significant differences in Pmax , LSP , LCP , and Rd among the three strains , and nosignificant differences in AQY ( Table １ ) . The Pmax varied from ２３ .７６０ μmol 爛 m‐２ 爛 s‐１ for ００‐６１ to １２ .０７９ μmol 爛 m‐２ 爛 s‐１for ００‐８１ . The LSP of ００‐６１ was ４２畅９１８％ and １０５ .１４２％ higher than those of ９０‐３６ and ００‐８１ , respectively , while all strainshad similar AQY . ００‐６１ and ９０‐３６ had １０６ .０７５％ and ９６畅４０７％ higher LCPs than ００‐８１ , and ７６ .３２０％ and ４６ .５４７％ higherRds than ００‐８１ , respectively . All above mentioned parameters indicated that strain ００‐６１ performed the best in photosynthesis ,strain ００‐８１ performed the worst , and strain ９０‐３６ was in the middle .

　 　 Figure 1 Responses o f net photosynthetic rate inMelilotoides ruthenica strains to di f f erent light
intensities .

Table 1 Photosynthetic parameters o f three M . ruthenica strains .
Strains Pmax LSP LCP AQY Rd
９０‐３６ k２０ 缮.６６３b ５３７ 梃.９１８b ７９ *.３１４a ０ m.０４０a ３ ^.０３８a

００‐６１ k２３ 缮.７６０a ７６８ 梃.７８４a ７５ *.５９３a ０ m.０３３a ２ ^.５２５a

００‐８１ k１２ 缮.０７９c ３７４ 梃.７５８c ３８ *.４８８b ０ m.０３２a １ ^.７２３b
Different letters in the same column mean significance at ０ .０５ level

Conclusions The non‐rectangular hyperbola model proposed in thisstudy provides a powerful and valuable tool for understanding and
predicting the photosynthetic characteristics of M . ruthenica strains .We considered that Strain ００‐６１ with higher Pmax , LSP , LCP , andRd , which may lead to a high photosynthetic capacity , can be plantedin strong light regions , where the environmental conditions favorite itto accumulate more dry matters . Strain ００‐８１ with lower LSP andLCP , indicated that it was more tolerant to shading than other strains .
ReferencesFarquhar G D , Caemmerer S V , Berry J A , (１９８０) . A biochemical model of photosynthetic CO２ Assimilation in leaves of C３species . Planta , １４９ :７８‐９０ .Guo J , Guo X Y ,Wang J H , (２００５ ) . Characteristic parameters of light responses of corn varieties with different plant shapes .

A cta Botanica Boreali‐occidentalia S inica , ２５ (８) : １６１２‐１６１７ .
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Effects of drought Stress on protective enzymes activities in leaves of Lespedeza dahurica
seedlings
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Introduction As forage plant ,Lespedez a dahurica has high feeding value , a certain extent ability of drought resistance as well .In order to evaluate the drought resistance of lespedez a seedlings in Shanxi province , the activities of protective enzymes arestudied under drought stress conditions . The purpose of this dissertation is to study the relationship of protective enzymesactivities and drought tolerance in two different wild regions .
Materials and methods Seeds from two different regions of Shanxi province are inseminated in the beakers (５００ ml) filled withsand to develope . The environmental temperature maintains at ２２‐２６ ℃ and the relative humidity maintains at ７５‐８０％ .Carryout drought stress when the seedings have three small leaves .The relative water content grads are ２５％ ,４０％ ,５５％ ,７０％ ,
８５％ . Measure the activities of superoxide dismutase ( SOD) enzymes and peroxidase ( POD) enzymes of the leaves af ter tendays .
Results The activity of superoxide dismutase ( SOD ) enzymes of Lespedez a dahurica enhance along with the rise of droughtstress( Figure １) .The activity of peroxidase ( POD) enzymes of two regions increased first then decreased ,the Yangquan andQinyuan regions are the highest at the four grads and the third grads respectively ( Figure ２) .The drought‐tolerant region fromYangquan has higher activities of SOD and POD then the Qinyuan region .

　 Figure 1 E f f ect o f drought stress on activ ities o f SOD .

　

　 Figure 2 E f f ect o f drought stress on activ ities o f POD .

Conclusions The seeds of different regions in Shanxi province represent different drought resistance . The seeds from Yangquanhas higher drought resistance because of higher activities of enzymes . SOD enzymes is more sensitive to drought stress thanPOD enzymes because of the further increase of activities .
ReferencesBowler C . , Van M . , Inzc D . ,( １９９２) . Superoxide dismutase and stress tolerance . A nnu Rev Plant Mol Biol ,４３ :８３‐１１６ .Pauk K . P . , Thompson J . E . ,( １９８０ ) . In vitro simulation of senescence‐related membrane damage by ozone‐induced lipidproxidation .Nature , ２８３ :５０４‐５０６ .
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The growth of size on Cynodon dactylon clone in Yili River Valley
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Introduction Cynodon dacty lon ( bermudagrass , bevilgrass ) is a typical clonal , perennial , C４ stoloniferous and rhizomatous
grass from tropical and warm‐temperate areas ( Larry , １９８９ ; Fei et al . , １９９８) . It is one of the most important turf grass andvaluable pasture grass . It can reproduce vegetatively from both rhizomes and stolons or reproduce sexually by seeds . Theextensive network of rhizomes and stolons is easy to become a monodominant community , forming a dense tuft on the surface ofthe soil . Researches on population grow th and modular quantitative characteristics were important and useful for revealing themechanism of bioecological adaptation as well as enriching the ecological theory and application .
Materials and methods This study was conducted in an abandoned orchard field covered with construction waste and gravel ,beside a playground of Yili Normal College , located in Yining city , Xinjiang , which geographically belongs to Yili river valley .In October , thirty wild C . dacty lon clones were sampled randomly . Their aboveground and underground parts were dugtogether and maintained the natural integrity . In the laboratory , the radius of each clonal tuf t and the length of stolon andrhizome were measured , meanwhile , the number of reproductive ramets and vegetative ramets was counted , respectively .

　 　 Figure 1 Relationship between the ramet area and the modules o f Cynodondactylon .倡 倡 P＜ 0 .01 .

Results Statistic analysis showed that therewas a significant positive correlation betweenthe tuft area and the number of vegetativeand reproductive ramet , number of stolonbud and rhizome bud , length of stolon andrhizome ( P ＜ ０ . ０１ ) . As the tuft areaincreased , the number of ramet and stolonbud , length of stolon increased gradually bya power function . At the same time , thenumber of rhizome bud , length of rhizomelinearly increased . Their simulated equationsand the significance tests were shown inFigure １ . The mean number of vegetativeramet was approximately four times morethan that of reproductive ramet as well as thenumber of rhizome bud was nearly four timesmore than that of stolon . The mean lengthof rhizome is ５畅１ metres while the mean ofsolon is just ３ .２ metres .
Conclusions When C . dacty lon cloneimmigrated to a natural habitat and grewwithout inter‐specific competition , inorder to fight for the maximum expansionof space , first of all , the rhizomeselongated as soon as possible to increaseits spatial distribution . The elongatedrhizomes produced more buds , i .e . the
potential population laid a solid foundationfor the aboveground spatial expansion .Although as the tuft area increased , the number of ramets and buds , the length of stolon and rhizome increased differently ,rhizomatous elongation grow th and buds presented the most important contribution to the size of C . dacty lon .

ReferencesMitich , L . W . , (１９８９) .Bermudagrass . Weed Technology , ３(２ ) : ４４３‐４４６ .Fei , Y .J . , Gan , C .X . , Liu , Z . X . , ( ２００６ ) . Ecological characteristics of Cynodon dacty lon clone in different habitats .
Pratacultural Science , ２３ (１０) :８０‐８３ .
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Grassland sustainability and livestock production in Taipusi Banner , Inner Mongolia
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Introduction Livestock numbers on north China grasslands have increased dramatically as households seek to improve incomes .However in Taipusi Banner , Inner Mongolia , this has resulted in severe over‐grazing and degradation to ７０％ of the １３０ ,０００ haof typical steppe grassland . Current stocking rates are in excess of those recommended ( Houston et al . , ２００４ ) . Sustainablegrassland and livestock production requires a systems analysis of current farm practices and options .
Materials and methods The study region is Taipusi Banner of Inner Mongolia ( １１４°５１′‐１１５°４９′E , ４１°３５′‐４２°１０′N , averageannual precipitation ～ ４００ mm , elevation １３２５‐１８２８ m , chestnut soil) . The grassland is typical steppe and dominant speciesare Stip a kry lov ii , A neurolep idium chinense , A rtemisia f rigida . Farm system models were used to analyse the current feedsupply and demand and options for reducing stocking rates ( using linear programming ) . Six farms in a village of ３０ weresurveyed in detail to construct a typical ( synthetic) farm system model ( Kemp , Jones and Takahashi , unpublished) .
Results and discussion Grassland grow th can only meet livestock maintenance demand from July to October ( Figure １) once thegrass is frosted animal requirements is not satisfied . Analysis over a range of stocking rates shows that meat and woolproduction reaches a maximum at ～ １ ewes/ ha ( Figure ２) , half that of the current stocking rate of ２畅３ ewes/ ha . The economicoptimum would be between ０ .５ and １ ewes/ ha as supplementary feed costs start to increase significantly from that range .

Figure 1 Feed balance (Dry Matter ) .

Figure 2 L amb and wool p roduction per f arm .

Conclusions Grassland production and livestock demand is out of balance . From the ６０ years of stocking rate collected it wasfound that the stocking rate in Taipusi Banner is now about ２ .３ ewes/ ha up to ３ ewes/ ha . At that level household incomes areless than at １ ewe/ ha . The economic justification to reduce stocking rates supports ecological data .
Acknowledgement Funded by the ACIAR project : Sustainable Development of Grassland in Western China .
ReferenceHouston , W . , Thorpe , J . , Han G .D . , Zhao M . , Li Q .F . , and Wang Q .G . (２００４) . Framework for a range condition andstocking rate guide : Grassland areas of Inner Mongolia Autonomous Region . Canada‐China Sustainable A gricultural

Development Pro ject Report .
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Effect of NaCl concentration on embryogenic callus growth and plant regeneration of Pennisetum
Purpureum Schumach (Napier grass) in vitro
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Introduction Pennisetum americanum ( Napier or elephant grass) and P .americanum × P .purpureum ( Hybrid Pennisetum) areimportant forage and energy crops . In order to guarantee food safety , breeding salt‐tolerant napier grass and hybrid Pennisetumare of great significance for utilizing plentiful arid and saline land to satisfy need of livestock and production of biomass energyin China . Only one paper reported selection of NaCl tolerant cells from leaf‐derived embryogenic cultures of napier grass tillnow ( Stephen and INDRA , １９８４ ) . This report describes effect of NaCl concentration in medium on from immatureinflorescences embryogenic callus grow th and plant regeneration of Pennisetum Purpureum N５１ ,which is R line of registeredvariety �Hybrid pennisetum"( Tif t ２３A CMS pearl millet × N５１ Napier grass) .
Materials and methods Embryognic callus was initiated from young inflorescences (１‐３ cm in length) of Pennisetum purpureumSchum ( N５１) . Using sterilization and dissection techniques previously described ( Zhong et al . ,２００７ ) . A white and compactembryogenic callus pieces obtained from immature inflorescences were transferred to subculture medium supplemented with １ .
０ , １ .２ , １ .４ , １ .６ , １ .８ and ２ .０ g / L NaCl . Af ter ４５ days healthy embryogenic callus was grown on differentiation medium withsame NaCl concentration . All cultures were incubated at ２６‐２８ ℃ in a grow th chamber under １６h of diffused light .
Table 1 E f f ect o f NaCl concentration in medium on rate o f compact callus and rate o f regeneration p lant .
NaCl ( g / L ) NO . of total callus SubcultureRate of compact callus ( ％ ) Differentiation culturePercentage of plantlet ( ％ )

０  ６７６ 滗５５ 亮.３ ８ è.４
１０  ２２６ 滗４９ 亮.３ ４ è.０
１２  ３３７ 滗３６ 亮.２ １ è.８
１４  ３６５ 滗３２ 亮.８ １ è.６
１６  １５７ 滗３２ 亮.２ ０ è.６
１８  ３０４ 滗３４ 亮.１ ０ è.３
２０  １３５ 滗１５ 亮.４ ０ è.０

Results There was a decrease in ration of compact callus and percentage of plantlet with salt concentration increase ( Table １ ) .The pellet callus became less well organized and more watery appearance and light brown color above１ .２ g / L NaCl . Rate ofcompact callus and percentage of plantlet was １５ .４％ and ０ .０％ at ２ .０ g / L NaCl . All compact callus was necrotic af ter ２ weeksabove ２ .０ g / L NaCl . This result showed critical NaCl concentration limit was ２０ g / L during subculture of small pellet callusand lethal NaCl concentration was respectively ２０ g / L in differential culture .
Conclusions NaCl concentrations in medium have obvious effect on embryogenic callus grow th and plant regeneration of Napier
grass in v itro in this study . Callus cultures tolerant to normally inhibitory concentrations of sodium chloride were ２０ g / L insubculture and １８ g / L in differential culture . Salt tolerance of plant regenerated from callus selected at high salt levels needfurther assessed .
ReferenceSTEPHEN FC and INDRA KV .( １９８４ ) . Selection and characterization of NaCl tolerant cells from embryogenic cultures of

Pennisetum Purpureum Schum . ( Napier or elephant grass) . Plant Science letters , ３７ ,１５７‐１６４ .
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Introduction Pennisetum purpureum Schum . ( Napier or elephant grass ) is a major fodder and energy crop in tropic andsubtropical region . Napier grass�N５１" was introduced to China from US in １９８５ . Although the formation of somatic embryosand plants from inflorescence segments of napier grass was reported (Wang and INDRA , １９８２) , there is a number of difficultproblem because of different genotype of each species responding optimally in vitro . This paper describes extensive somaticembryogenesis and plant regeneration from cultured segments of immature inflorescence of napier grass�N５１" , which does notusually set seeds in nature and is principally propagated vegetatively . It will make a possibility of industrial tube seedling
production and breed by biotechnology .
Materials and methods Immature inflorescences (１‐３ cm in length) of Pennisetum purpureum Schum .( N５１) were obtained fromfield in sunny day . Af ter stripping and wiping outside leaves with cotton soaked in ７０％ ethanol every layer , the inflorescenceswere dissected out , cut into １‐３ mm segments and placed in trigonal glass bottle on ０ .８％ agar medium containing ３％ sucrosead different concentrations and combinations of ２ ,４‐D and KT at ３‐week intervals . Embryogenic callus was subcultured on thesame medium about ４ weeks . Healthy somatic embryogenesis was transferred on differential medium added with ２ , ４‐D and ６‐BA . ３‐leaf plant was grown on root vigor medium supplemented with CPPU and NAA . The basic nutrient media used wereMS . The pH of the medium was adjusted to ５ .８ before autoclaving . All cultures were incubated at ２６ ～ ２８ ℃ in a grow thchamber under １６ h of diffused light .

　 Figure 1 Calli o f dry , compact small
pellet .

Figure 2 Intact regenerated p lantlets .

Results The frequency of callus of compact , small pellet induction reached separately ７９ .０％ and ７２ .６％ in the callus inductionmedium supplemented with ４ .０ mg / L ２ ,４‐D ＋ ０ .０５ mg /L KT and ４ .０ mg/ L ２ ,４‐D ＋ ０ .１ mg / L KT ( Figure １ ) . Duringsubculture , callus of small pellet were maintained ４０ .９％ and ７４ .０％ in the callus subculture medium added ３ .０ mg /L ２ ,４‐D
＋ ０ .２ mg/ L ６‐BA . The rate of green plant regeneration of small pellet callus from subcultures reached ３６ .４％ and ３８ .５％ ,respectively , in the differentiation medium supplemented with ２ .０ mg / L CPPU ＋ ０ .０１ mg/ L NAA or ０ .５ mg /L KT ＋ ０ .５mg/ L IAA . Green plant of regeneration with three leaves was transferred to root vigor medium added ０ .５ mg /L NAA in １ /２MS basic culture medium ( Figure ２ ) . The surviving rate of green plant cultured in soil reached above ９５％ . It was a simpleeffective method to overcome the obstruction of plant generation by selecting the callus of dry , compact , small pellet in early
generation .
ReferencesWANG , Dayuan , I . K . VASIL . ( １９８２ ) . Somatic embryognesis and plant regeneration from inflorescence segments of

Pennisetum purpureum Schum( Napier or elephant grass) , Plant Science letters , ２５ ,１４７‐１５４ .
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Relationships between veresk rangeland vegetation and environmental characteristic using
multivariate analysis methods
E . Shahriary ,M . Beniaz , A . Tav ili , H . M . A sgari ,H . K hedri gharibv and
１ The University o f Tehran , Natural Resources Faculty , P .O .Box :３１５８５‐４３１４ ,K araj , I ran . E‐mail : eshahriary＠ gmail .
com (Corresponding author ) ２ ,３ . The University o f Tehran , Natural Resources Faculty , P .O .Box :３１５８５‐４３１４ , K araj ,
I ran

Introduction Interest in how various landscape components affect biotic and abiotic resources has grown over the past ２‐３decades (Brosofske et al , ２００１) . The distribution and abundance of range species has been correlated with a variety of complexenvironmental gradients . Environmental factors affect range plant grow th and need to be understood and considered byrangeland managers . Plant grow th and development are controlled by internal regulators , which are modified according toenvironmental conditions ( Manske １９９７ ) . Of the most ecologically important environmental factors affecting rangeland plantgrow th and distribution are topography ( slope , aspect , and elevation) and soil properties ( Jafari et al , ２００４ ) . Environmentalfactor effects on vegetation could be considered as a main ecological subject during last recent decades .
Materials and methods The study was conducted at Zereshkin rangelands , approximately ６０ km south west of Savadkouh , innorth of Iran (５２° ５２′５８″ — ５２°５８′５″ E , ３５°５５′５１″ — ３５° ５８′４０″ N) .Based on field surveys , five vegetation types were identifiedat the study area . Fif teen １ m２ quadrats with ５０ m distance from each other were established along each of four ２００ mtransects . Vegetative sampling method was randomized systematic . Soil samples were taken at the starti and end points of eachtransect . Data matrix of environmental factors and vegetation types was made . The windows version of PC‐ORD (McCune andMefford , １９９７ ) was used for ordination of vegetation types on a gradient of site factors . Data were analyzed by principalcomponent analysis ( PCA) .
Results Figure １ shows the distribution of vegetative types of Zereshkin rangeland defined by the first two axes of the PCA . Asshown in Figure １ , the location of types in four quarters is different . The distance between the indicator points of the vegetationtypes along each axis shows the degree of similarity and dissimilarity of types in the environmental factors . In axis １ , thecoefficients of some factors are negative such gravel , thus those types located in quarter １ , have inverse relationship with thisfactors . In axis ２ , coefficients some of factors are positive such as silt ３０‐６０ cm , Therefore , those types that are lying in thethird quarter have inverse relationships with this factors . For example , as shown in Figure １ , Da .gl‐Br .to . type is relativelyequally affected by PC１ and PC２ . Since this type has been located in negative side of axes １ , therefore , it has a positivetendency to soils with high gravel percentage on top . The distribution of this type is negatively related to nitrogen percentageand OC of soil samples , that is , an increase in N and OC of soil leads to decrease of mentioned type occurrence in the study area .

　 　 Figure 1 Distribution o f Zereshkin rangeland ty pes de f ined by the f irst two
axes o f PCA .

Discussion Results showed thatdifferent vegetation types showdifferent relationships with underlyingsoil characteristics . It seems that themost important factors affecting theoccurrence and separation ofvegetation in Zereshkin are texture ,OC and nitrogen . Soil texture controlsdistribution of plants by affectingmoisture availability , aeration anddistribution of plant roots ( Jafari et
al . , ２００４ ) . Soil organic carbon is animportant determinant of soil fertilitybecause of its impact on ion exchangecapacities and its near‐stoichiometricrelationship to nitrogen . Future studies on the vegetation‐site factor relationships of rangelands should attempt to studyintegrated site factors effects on vegetation occurrence and separation .
ReferencesBrosofske , K .D . , J . Chen and T .R . Crow . ( ２００１ ) . Understory vegetation and site factors : Implications for a managedWisconsin landscape . Forest Ecology and Management １４６ : ７５‐８７ .Jafari , M . , M .A . Zare Chahouki , A . Tavili , H . Azarnivand and Gh . Zahedi Amiri . (２００４) . effective environmental factorsin the distribution of vegetation types in Poshtkouh rangelands of Yazd province ( Iran) . Journal o f A rid Env ironment ５６ :
６２７‐６４１ .McCune , B . , and M .J . Mefford . (１９９７) . PC ＿ ORD . Multivariate Analysis of Ecological Data Version ３ .０ . M jM so f tw are
design . Glenden Beach , OR .
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The role of plant richness & diversity on ecological equilibrium of rangeland habitats on Alborz
Mountain (north of Iran)
D . A sgariz adeh１ ,M .H . Jouri２ 倡 ,V . Rahimi３ & J . Shahi４
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( I ran) and Ph摧D Student o f Pune University , India ;倡 Corresponding A uthor , E‐mail : m jouri＠ gmail .com , ３ Bs . Student ,
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Key words : plant diversity and richness , ecological equilibrium , habitat , rangeland , soil erosion .
Introduction Ecological equilibrium in rangeland habitat refers to maintenance of vegetation cover and their roots which protectsthe soil of the ecosystem from erosion . Plant diversity and richness can provide health conditions to maintain an equilibriumecosystem . L迸ffler (２００４) , in his research , has shown that change in the composition of soil and plant species due to highgrazing pressure . Continuous overgrazing continuously not only increases erosion ( Harden , １９９３ ; Molinillo , １９９３ ) . Thepresent paper has the objective of throwing more light on the influence of biotic and abiotic factors on ecosystem equilibrium .
Material and method The area of study has been in the summer ranges of the Ramsar in Mazandaran Province of Iran . Theaverage annual precipitation is about ６５０‐７５０ mm and the climate , based of Emberger method , can be defined as cool‐wet tocool‐dry( ＞ ２８００ m) . Since there are two range types , grass and shrub types , on the upland , two amplitude of a crest werechosen .The Daubenmire method was selected to analyse rangeland health conditions as it has certain factors of rangeland likepercentage of vegetation , litter , soil conservation , plant regeneration and plant composition . The MPSIAC method was selectedto analyze soil erosion .Analysis of the hierarchical datas has been done by regression model .Compare mean between twohabitats have been done by T‐test method in SPSS software . Plant richness and diversity have been calculated by EcologicalMethodology software .
Results Correlation between soil erosion and rangeland condition has been analyzed by simple regression which has shownmaximum correlation between them .Rangeland condition in the both habitats of shrubland and grassland has reacted to soilerosion( Table １) .Some vegetation characteristics used for analysis in which there were some differences between two habitats( Figure １) .The regression model for shrubland habitat is as defined in continues : Y ＝ － ０ .４ (M ) － ０ .５１ (S ) ;( １ ) Where , Y issoil erosion , M is Margalef摧s index and S is Shannon摧s index . It has been found that soil erosion has been justified by plantdiversity (０ .５１) and richness index (０ .４１) . Model regression in grassland is defined in continue : Y ＝ － ０ .１８( M ) ＋ ０ .９９ ( S ) ;(２) where , plant diversity ( ０ .９９ ) and richness index ( ０ .１８ ) have justified variance of soil erosion in grassland habitat .Rangeland condition has significantly related to plant diversity and richness indices ( Table １ ) . There is a ９７ .７％ correlationbetween rangeland condition and indices in shrubland habitat . And about ９５％ changes of rangeland condition have been
justified by indices .

Figure 1 comparative condition o f two habitats
based o f vegetation status .

Table 1 Correlation between Soil erosion w ith rangeland condition and
indices and also rangeland condition w ith indices .
Soil erosion 倡 Predictors 倡 倡 R( a) R２ ( b) F ( C) Sig .( for F)
Shrubland habitat rangeland condition ８７ [.１ ７５ �.８ ８７ ＃.８４ ０ 煙.００
Grassland habitat rangeland condition ８０ [.９ ６５ �.４ ５２ ＃.９５ ０ 煙.００
Soil eresion 倡

Shrubland Habitat Margalef and Shanon ７９ [.４ ６３ �.３ ２３ ＃.０７ ０ 煙.００
Grassland Habitat Margalef and Shanon ９０ [.２ ８１ �.３ ５８ ＃.８３ ０ 煙.００
Rangeland
conditions 倡

Shrubland Habitat Margalef and Shanon ９７ [.５ ９５ �２５５ 烫.８３ ０ 煙.００
Grassland Habitat Margalef and Shanon ８５ [.０ ７２ �.３ ７３ ＃.４ ０ 煙.００
倡 and 倡 倡 : Dependent and independent variables
( a) Person coefficient , ( b) Justification coefficient and ( c) F‐Fisher

Conclusions Based of climatology , annual precipitation is high in study areas . It might theoretically have sufficient diversity andrichness , but the results showed both habitats have poor conditions . Climate has a big role to play in the study area as afunction component . Therefore , animal grazing causes a decrease in plant diversity and richness . Grazing as an effectivecomponent can change plant composition and expanse annual plant . Then it can indirectly influence on soil cover and it alsoincrease soil erosion . The result shows a high degree of relationship between soil erosion and rangeland condition with indicesand vegetation factors in which the indices has positively relationship to habitat situation in good condition or negativerelationship to soil erosion ( as an stability index of ecosystem) in poor condition of rangeland . So , unbalancing between plantspecies can cause the changing of ecosystem equilibrium as ecosystem stability .
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Soil seed bank of three populations of Capparis decidua (Forssk .) edgew
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2460 , Riyadh , Saudi A rabia 11451 . E‐mail : assaeed＠ ksu .edu .sa

Key words : Cap paris decidua , seed bank , rangelands , Saudi Arabia
Introduction Cap paris decidua occurs in isolated populations in Saudi Arabia . Abdel‐Mawgood et al . , ( ２００６ ) reported that a
C . decidua population near Riyadh , Saudi Arabia apparently did not regenerate for several years . This observation raises thequestion about soil seed bank status of the species as soil seed bank plays an important role in the composition and conservationof plant communities ( Luo and Wang , ２００６ ) . The aim of this study was to asses soil seed bank status of C . decidua andcompanion species in three C . decidua populations near Riyadh , Saudi Arabia and the possible influence of wind direction anddistance from plant source on soil seed bank size and species richness .
Materials and methods Three populations of C . decidua , located in Rawdhat Khuraim RK ( ２５′３０ .２５０ N ４７′４６ .３００ E ) ,Hawayir Assos HS (２５′１１ .４５０ N ４８′３７ .５００ E) and Khor Assos KS (２６′５９ .７５° N ４５′３３ .３５３ E) were selected in this study asthey are the only population known to exist near Riyadh . Soil in all locations were sandy loam . Population size of C . deciduaare １８３ , ３５ and ５３ in Rawdhat Khuraim , Hawayir Assos and Khor Assos respectively . Rawdhat Khuraim habitat is in faircondition . However the other two locations are degrading .
Soil seed bank was assessed by collecting soil samples from around five randomly selected C . decidua shrubs ( replicates ) ineach site . Two adjacent samples (２０ × ２０ cm) from the upper ５ cm of soil surface were taken at １ .５ and ３ m distances fromcanopy edge at all main cardinal directions . Because of the concern over the seed viability of C . decidua , one set of samples( one of the two adjacent sample units) was used for the assessment of C . decidua seeds by soil sieving through １mm sieve . Theother set was assessed for seeds by germination and seedling identification using germination trays (４０ × ４０cm and ５ cm deep)in grow th chambers . Plant species were classified into functional groups ( legumes , grasses , forbs , shrubs and shrublets )regardless of their life form . . The experiment was analyzed as a factorial design ( SAS , １９９６) .
Results and discussions Results of manual sieving of soil indicated that no significant differences occurred in soil seed bank size of
C . decidua among the three populations ( ２８ .１ , ３３ .８ and ２４ .４ seeds/m２ in RK , HS and KS respectively ) . However , allcollected seeds of C . decidua were damaged by insects beyond viability . This could partially explain the slow regeneration rateof the species in its natural habitats and warrants further investigation . Assessment of soil seed bank by means of germinationrevealed significant differences among all C . decidua populations in all functional groups ( Table １) .Rawdhat Khuraim was thehighest in seed bank size in all functional groups ( except for shrubs) and species richness . Khor Assos was the lowest amongthe three populations and was not significantly different from Hawayir Assos except for forb seed bank size and speciesrichness . Rawdhat Khuraim is known for its vegetation density and richness ( Al‐Yemeni et al . , ２０００ ) and this was reflectedhere in the present study .
No significant differences were detected in seed bank size or species richness in response to cardinal direction ( data not shown) .Distance from shrub edge had only significant effect ( P≤ ０ .００１) on shrublet seed bank size ( ７３ .８ and １９ .２ seeds/m２ for １ .５and ３ m away from C . decidua respectively ) . Over the different C . decidua populations , there were ２５ species most of themwere forbs ( １７ species ) . T rigonella stellata ( annual legume) , Pulicaria crisp a ( perennial shrublet ) and Lycium shaw i( shrub) were the most abundant species in soil seed bank .
Table 1 Soil seed bank o f p lant f unctional groups in three C . decidua populations (seed /m２ ) and species richness .

Population Legumes Grasses Forbs Shrublets Shrubs Richness
R . Khuraim ３４９ 谮.４ ２５０ 创.６ ４０８ 弿.１ １１３ i.１ ３３ /.１ ７ �.８
H . Assos ８２ 破.５ １１ }.３ b ２１８ 弿.８ ２３ U.１ ２０１ C.９ ４ �.３
K . Assos ２８ 破.８ ５ h.０ b ４３ z.８ ３ @.１ ２３ /.８ ２ �.１
L SD ０ 3.０５ １４４ 破.４４ ３９ w.３０７ １４５ z.５２ ４８ @.８３ １２８ /.２９ １ 棗.２５

Conclusions Soil seed bank of C . decidua and hence its future conservation is likely to be governed by many factors of whichinsect herbivory plays a major role . Further investigation is needed to determine seed longevity .
ReferencesAbdel‐Mawgood , A .L . , Assaeed , A .M . , Al‐Abdallatif , T .I . , (２００６ ) . Application of RAPD technique for the conservationof an isolated population of Cap p aris decidua .A lex . J . A gric . Res . ５１ : １７１‐１７７ .Al‐Yemeni , M .N . , Al‐Farraj , M .M . , Al‐Farhan , A . , ( ２０００ ) . Ecological studies on Rawdhat system in Saudi Arabia‐II .Soil seed bank of Rawdhat Khorim . Pak . J . Bot . ３２(２ ) : ２７３‐２８２ .Luo , H . , Wang , K . , ( ２００６ ) . Soil seed bank and aboveground vegetation within hillslope vegetation restoration sites inJinshajing hot‐dry river valley . A cta Ecologica Sinica ２６(８) : ２４３２‐２４４２ .SAS INSTITUTE . SAS/ STAT user摧s guide . Version ６ .１１ . ４ .ed . Cary : SA S Inc . , １９９６ . ８４２p .
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Adaptation benefit two grass coexisting in meadow steppe of northeast China
Ba Lei , X u Wei , W ang Deli
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Introduction Leymus chinensis and Phragmites communis are dominant and sub‐dominant species in meadow steppe of NortheastChina . They often co‐dominate in natural meadow steppe . Important values of both species were used to examine the adaptationof L . chinensis and P . communis to soil properties and explain their co‐existing .
Materials and methods Vegetation characteristics and soil properties were investigated and determined for six pure stands of L .
chinensis and P . communis respectively , and five mixed stands for both species during two growing season . Important valuewas calculated from height , coverage , biomass and density . Soil properties involving soil moisture , pH value , electricalconductance and nitrogen content were determined .

Figure 2 Di f f erent responses o f Leymus chinensis ( ━ ) and Pragmites
communis ( ┅ ) to the change o f soil p roperties .

　 　 Figure 1 Production o f mixed
communities ( L ＋ P ) is o f ten
greater than those o f pure Leymuschinensis stands ( PL ) andPhragmits communities stands
( PP) .

Results Plants in the mixed stands of L . chinensis and P . communis showed atendency of having higher aboveground biomass than those in pure stand of L .
chinensis and P . communis ( Figure １ ; P ＝ ０ .０８８ ) . The important value differedlargely in soil moisture , pH value , electrical conductance and nitrogen content forboth species ( Figure ２A‐D ) . L . chinensis preferred growing in habitats withlower soil moisture , and higher concentration of salt and alkali in soil , but highersoil moisture and nitrogen concentration , low salt concentration favored by P .
communis ( Ba et al . , ２００６) .
Conclusion L . chinensis showed a tolerance to drought , and salt and alkali stress .While P . communis adapted to environment with rich soil water and nutrient .Differentiation in niches of soil properties provided the possibility for both speciescoexisting in the natural meadow steppe of Northeast China ( Silvertown , ２００４) .
ReferenceSilvertown , J . , ( ２００４ ) . Plant height and the niche . T rends in Ecology &
Evolution １８(１１) : ６０５‐６１１ .Ba , L . , Wang , D . L . , Hodgkinson , K . C . , et al . ( ２００６ ) . Competitiverelationships between two contrasting but coexisting grasses , Leymus chinensisand Phragmites communis . Plant Ecology １８３ (１) : １９‐２６ .
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Profile of water uptake in winterfat during seed germination
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Key words :aquaporin inhibition , Chenopodiaceae , germination , HgCl２ , NMR spectroscopy , Saskatchewan , water relations ,winterfat ( K rascheninnikov ia lanata)
Introduction Aquaporins are enriched in zones of fast cell grow th , expansion and vacuolization ( Ludevid et al . , １９９２ ;Sch惫ffner , １９９８) . These observations suggest that aquaporins are involved in cell elongation and grow th , osmotic regulationand resistance to drought and salinity stress ( reviewed in Sch惫ffner , １９９８ ; Johansson et al . , ２０００ ) . We examined : ( １ ) therole of aquaporins in seed water relations during seed imbibition and early seedling grow th of winterfat at low temperatures ; and
(２) water distribution and biophysical status within a germinating seed .
Materials and methods Five replicates of twenty seeds ( total １００ seeds) were imbibed at ５ ℃ in darkness . ２ .５ mL of ０ , ３０ , ３５ ,
４０ , ５０ and １００ ( M HgCl２ （aquaporin inhibitor , Sigma , USA) was used . NMR spectroscopy : Bruker Advance DRX ３６０ WBsystem (Bruker BioSpin Ltd . , Milton , ON , Canada) , at ３６０ .１３ MHz . １ H microimaging was performed at ２０ ℃ on a singleseed mounted in a shortened pipette tip inserted into a plexiglass foot and then placed in a １０ mm NMR tube . Spin‐latticerelaxation rates , R１ （１／T１ ) , and spin‐spin relaxation rate , R２ （１／T２ ) , were also measured at each interval .
Results Water migrated first to the embryo then to the perisperm ( Figure １) . Exposure to HgCl２ significantly restricted waterflux to the perisperm ,which was also associated with reduced germination rate ( Figure １) . Both embryo and whole seed wateruptake was reduced in the presence of ３０ M HgCl２ , a dose lower than the LD５０ . The impact of restricted water uptake wasexpressed preferentially in the root during early seedling grow th , which was ２４ times shorter in the presence of mercury ,indicating more dry matter allocation to the cotyledons . Results suggest that aquaporins mediate seed water relations frominitial seed imbibition to early seedling grow th .

Figure 1 NMR microimaging o f w inter f at seeds during imbibition at 20 ℃ w ith
and w ithout 30 M H gCl2 . Scale indicates range f rom no measurable f ree
w ater ( 0 , black ) to max imum limit o f measurable f ree w ater ( 120 , light
yellow ) .

Conclusions In winterfat , aquaporins were determined to play a critical role in germinative and early‐grow th water dynamics .Water entered the embryo in early water uptake and then diffused mainly through cell to cell pathways to the perisperm ,reaching the maximum content near embryo protrusion in winterfat .
ReferencesJohansson , I . , M . Karlsson , U . Johansson , C . Larsson , And P . Kjellbom ( ２０００ ) . The role of aquaporins in cellular andwhole plant water balance . Biochimica et Biophysica A cta １４６５ : ３２４‐３４２ .Ludevid , D . , H . H迸f te , E . Himelblau , and M . J . Chrispeels ( １９９２ ) . The expression pattern of the tonoplast intrinsicprotein γ‐TIP in A rabidopsis thaliana is correlated with cell enlargement . Plant Physiology １００ : １６３３‐１６３９ .Sch惫ffner , A . R . ( １９９８ ) . Aquaporin function , structure , and expression : are there more surprises to surface in waterrelations ? Planta ２０４ : １３１‐１３９ .
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Plant energy functional groups and their coupling relationship with the functional degradation of
steppe ecosystem
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Introduction Plant functional group ( PFG ) is a combination of various plant species with some common functionalcharacteristics , U tilizing PFG can more efficiently reveal the general features of the natural ecosystem compared to studies ofindividual plant species ( Gitay & Noble ,１９９７ ) . In this study , we firstly promoted classify functional groups based on thecaloric value of plant , and study their dynamics along degradation gradient in three types of steppe of Xilin River Basin in InnerMongolia . The objective was to investigate the feasibility of this functional classification method and compared the succession
pattern of different functional groups with systematic declining at the ecosystem level .
Materials and methods １２ sites were selected along the middle Xilin River Basin in Inner Mongolia of China , including threetypes of steppe communities consisting the Leymus chinensis‐Stipa baicalensis meadow steppe , the Leymus chinensis typicalsteppe , and the Stipa grandis typical steppe and four degraded intensities sites ( undegraded , relatively light , moderate andheavy degraded) in each steppe types . The biomass of each species were determined using quadrate method , aboveground partwas clipped and separated by species and caloric vales of each species was determined using a Parr １２８１ oxygen bombcalorimeter . Mean caloric value of communities was calculated by weighting caloric value of each plant species according to theirrelative biomass in each community as follows :
Community cal ( ％ ) ＝ ∑ [B i × Ci ]

∑ Bi
Bi is i species摧 relative biomass in a community , C i is the caloric value of species i .

Results Based on the mean caloric value , the ６０ species were divided into three groups : high energy plant functional group( PFG) ( caloric value ＞ １８ .００ kJ g‐１ ) , medium energy PFG ( １８ .００ kJ g‐１ ＞ caloric value ＞ １７ .００ kJ g‐１ ) , and low energy PFG( caloric value ＜ １７ .００ kJ g‐１ ) . The high‐energy PFG has the dominant status , and the medium‐and low‐energy PFGs are thecompanion or incidental groups in the primary steppe . There were accordant trends for the three steppe communities , that isbiomass proportion of high‐energy plant in community decreased gradually , while those of low‐energy plant increased withincreasing degraded intensities . Moderate‐energy plant slightly increased . The aboveground biomass and the mean caloricvalues of communities showed decreasing trends with increasing degraded intensities at the same time . It is the high‐energyplants giving place to low‐energy plants that result in degradation of steppe ecosystem function .( Figure １)

Figure 1 Proportion o f aboveground biomass o f three PFGs based on caloric v alues in 12 sites along 3 degradation gradient .

Conclusions The substitution of high‐energy PFG by low‐energy PFG was found to be coupled with the steppe degradation
process . A classification system of energy‐PFGs was proposed which can provide a reliably approach to characterize thefunctional status of different plant communities , and explore the mechanisms of steppe degradation at wholesome level .
ReferenceGitay H , Noble I R . (１９９７) . What are functional types and how should we seek them ?In : Smith , T .M . , H .H . Shugart &F . I . Woodward eds .Plant f unctional ty pes . Cambridge : Cambridge University Press . ３‐１９ .
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The caloric values of main plant species and functional groups in the steppe communities of Xilin
River Basin
BAO Y a‐Jing L I Zheng‐Hai
College o f L i f e Science , Dalian Nationalities University , １８ L iaohe West Road , Dalian Economic & Technical Development
Zone , L iaoning １１６６００ , Peop le摧s Republic o f China . E‐mail : by j＠ dlnu .edu .cn

Key words :Xilin River Basin , the caloric value , plant functional groups ,steppe community , plant species
Introductions The caloric value is a useful parameter which has been broadly employed to measure the energy budgets throughan ecosystem ( Ren et al . , １９９９ ) , as well as to assess the photosynthetic efficiency of plants and to identify the allocation ofenergy storage within different organisms of plants . The objective of this study was to detect variations of caloric value ofdominant species and functional groups in total １２ sites in the steppe communities of Xilin River Basin , Inner Mongolia .
Materials and methods Caloric values of main plant population were investigated in Xilin River Basin , Inner Mongolia The studywas based on field surveys of the standing vegetation in two typical steppes respectively dominated by L . chinensis or S .
grandis and one meadow steppe dominated by L . chinensis including of four degraded intensities sites ( undegraded , relativelylight , moderate and heavy degraded) in each steppe types Aboveground part was sampled in terms of different species fromabove １２ sites from １８ July to １０ August ２００２ , and then oven dried at ６０ ℃ to constant weight . The caloric determinationswere made of each sample using a Parr １２８１ oxygen bomb calorimeter , The caloric value was analyzed for species groupedaccording to their life form , family and water ecological types .
Results The mean caloric value of ６０ species , taking into account three steppe types and four grazing degraded intensitiesstudied , was １７ .２５ ± ０ .９２ kJ g‐１ with a CV of ５ .４％ . Among them , a annual forbs , Salsola collina (１３畅１２ ± １ .０９ kJ g‐１ ) hada significant lower caloric value than other species ( Figure １ ) . Shrub had the highest value among groups classified by lifeforms . The mean of perennial grasses was significant higher than that of annuals and biennials ( p ＜ ０ .０５ ) , the subshrubs andperennial forbs were in the midst . No statistically significant differences were found among the caloric values of the differentplant groups based on water ecological types include of xerophytes , mesoxerophytes , xeromesophytes and mesophytes .Different families showed apparent difference in caloric value . The higher caloric values were found in Gramineae , Leguminosaeand Compositae , while Chenopodiaceae has the lowest value ( Figure ２) .

Figure 1 Frequency distributions o f
the number o f species by caloric
v alue classes o f major p lant species
in the step pe o f X ilin River Basin .

　 　 　

Figure 2 Mean caloric v alue ( ± SD) f or di f f erent p lant group ing in step pe
o f X ilin River Basin . Di f f erent letters rep resent signi f icant di f f erences
among means ( P ＜ 0 .05 , A NOVA Duncan test ) . The number in the bar
rep resent the number o f species in cor responding group ing .

１)Based on life form . A : annual and biennials , SS : subshrubs , PF : perennial forbs , PG : perennial grasses , S : shrubs .
２)Based on water ecological types . X : xerophytes , MX : mesoxerophytes , XM : xeromesophytes , M : mesophytes .
３)Based on family . Che : Chenopodiaceae , Car : Caryophyllaceae , Ros : Rosaceae , Ran : Ranunculaceae , Lil : liliaceae , Com :Compositae , Leg : Leguminosae , Gra : Gramineae .
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Analysis of photosynthetic characteristics of Heteropogon contortus in Arid‐hot Valley Areas of
Jinsha River
Y .F .Bi , X .L .Ma , T . Sun
College o f A nimal Science , Y unnan A gricultural University , K unming 650201 , China . E‐mail : biyu f enynnd＠ sina .com

Key words : Heteropogon contortus , photosynthetic characteristics , midday‐depress of photosynthesis
Introduction Heteropogon contortus , as a dominant species in Arid‐hot Valley Areas of Jinsha River , plays an important role forboth maintaining ecological environment of grassland and realizing the ecological function . The aim of studying the
photosynthetic characteristics in Heteropogon contortus摧 leaves under different circumstances is to figure out the difference of
photosynthetic mechanism of Heteropogon contortus during various periods , and provide theoretic reference and technologicalreserve for ecological system restoration of Arid‐hot Valley Areas of Jinsha River ( Liu Yuhua et al . , ２００６) .
Materials and methods The trial field lies in the breeding sheep stud on Renhe Town , Yongsheng County in northwestward ofYunnan Province , which is a kind of the typical Arid‐hot Valley Areas . The altitude is １５００m , and the annual averagetemperature is １８‐２２ ℃ . The extremes of high and low temperature are respectively ３８ .２ ℃ and １ .５ ℃ . The annual precipitationis about ９００mm . The exchange of dry and rainy season is obvious in Arid‐hot Valley Areas . The vegetation are mainly
Heteropogon contortus and Fimbristy lis dichotoma( linn .) Vahl ,Enum , mixed with Salix my rtillacea Anderss . Heteropogon
contortus was used in this study ,whose photosynthesis was tested by CI‐３１０ photosynthesis system in an open system .Netphotosynthetic rate ( Pn ) , transpiration rate ( T r ) , stomatal conductance ( Gs ) , intercellular CO２ concentration ( Ci ) , leaftemperature ( Tl) , WUE(Water use efficiency) and LUE( Light use efficiency) were tested in different methods ( Tao Hanzhi etal) .The medium size , normal and fully expanded leaves were selected for the experiments . The leaves were sampled withtriplicate , and the measurements were made ３‐５ times . Data were analyzed by using EXCEL and SAS ６ .１２ tools .
Results In this study , the diurnal changes of Pn , T r and Gs exhibited two‐peaked curves with an obvious midday‐depress ofphotosynthesis . The changes of Pn and Gs were synchronous ( Figure １ ) . The determinations of those in rainy season werehigher than those in dry one , however , the difference were not significant ( p ＞ ０ .０５) . The diurnal changes of Ci were similar intwo seasons ( Figure １ ) . Figure ２ showed that the diurnal changes of WUE and LUE were expressed as two‐peaked and �U"curves , respectively .

Figure 1 Diurnal changes o f Pn , T r , Gs , Ci o f Heteropogoncontortus .
　 　 　

Figure 2 Diurnal changes o f WUE and LUE
of Heteropogon contortus .

Conclusions In specific circumstances of the Arid‐hot Valley Areas , Heteropogon contortus can avoid water losing and alleviatethe damage to photosynthetic organs from high light intensity and drought stress by midday‐depress of photosynthesis ,maintaining the lower T r and enhancing WUE . Moreover , the higher values of LUE in the rainy season indicated the rainyseason was the important period for Heteropogon contortus摧s grow th and yield摧s accumulation .
ReferencesLiu Yuhua et al . , (２００６ ) . Daily dynamics of photosynthesis in alfalfa varieties under dry farming conditions . A cta Ecologica
Sinica ２６ (５) :１４６８‐１４７５ .Tao Hanzhi et al . , (２０００ ) . Studies on distribution of leaf area ,transpiration rate and water use efficiency in oppositifoliousmaize . A cta A gromomica Sinica ２６(１) : ６５‐７０ .
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Effects of different enzyme combination and dissociation‐time on the protoplast isolation of
alfalfa
Chen A i‐p ing , L uo Y u‐peng , Y an Run ,Zhang Bo
Key L aboratory o f G rassland Resource and Ecology o f X inj iang , College o f Pratacultural Engineering , X inj iang
A gricultural University ,Urumqi , 830052 ,China . E‐mail :klcap＠ １２６ .com

Key words : alfalfa ,the kinds of enzyme ,concentration of enzyme ,dissociation‐time ,protoplast
Introduction At present , as donor of protoplast dissociation is different to alfalfa , some factors have influence on protoplastdissociation , such as the kinds of enzyme , the concentration and dissociation‐time . Using hypocotyl of alfalfa as testedmaterials , by setting different the kinds of enzyme , the concentration and combination of enzyme , dissociation‐time in thisstudy in order to provide theory and practical guidance for extension of alfalfa biotechnology .
Materials and methods According to the routine methods for inducement cultivating asepsis seedling . After asepsis seedling wascultivated １０d , the hypocotyls were chopped .
Usually １ .０ g chopped hypocotyls in a CPW‐１３ solution ( Frearson et al . , １９７３) were incubated in the dark at ２５ ℃ for １h thensubmitted to １０ ml filter‐sterilized enzyme solution Ⅰ .The same method was treated in the enzyme solution Ⅱ , Ⅲ , Ⅳ as theenzyme mixtures Ⅰ . Chopped hypocotyls were shaken at ６０ rpm for ６h in the dark .
Usually １ .０ g chopped hypocotyls in a CPW‐１３ solution were incubated in the dark at ２５ ℃ for １h then submitted to １０ mlenzyme solution Ⅳ ,Chopped hypocotyls were shaken at ６０ rpm ,２５ ℃ for ４h ,６h , ８h and １０h in the dark .
The mixture was passed through a nylon sieve (３８ .５ μm pore sizes) and １５ ml of CPW９M solution was added . The protoplastswere collected by centrifugation for ５ min at ６０ rpm and resuspended in the washing solution . The washing treatment was donetwice . Protoplasts , free of debris were carefully removed from the interface of the solutions , and protoplasts were rinsed twicewith １５ ml of KM８p medium( ( Kao and Michayluk , １９７５ ) A small sample of protoplasts in the washing solution was stainedwith ０ .０１％ ( w / v ) phenosafranine .The yield of protoplasts was determined with a Malassez counting chamber .
Results and discussion Even conspecific plant , initiative materials are different , there are different to concentration of enzymeand dissociation‐time . Chopped hypocotyls were treated in four enzyme solutions for ６h , it was better the condition ofprotoplast dissociation in enzyme solution Ⅱ in this experimentation ;In the same condition of protoplast dissociation ,protoplastdissociation production gradual increase along with protraction of dissociation‐time ,but dissociation‐time is overlong will resultin sharp increase of cell debris ,it will affect protoplast culture ,and prior dissociative protoplast is able to occur fracture . It wasbetter dissociation‐time that the hypocotyls were treated for ６h , at the same time cell debris was less .
Table 1 The corcertration and combintin o f ensyme .

Name Ceihilose
( ％ )

Pectinose
( ％ )

maceroryme
R‐１０ ( ％ )

enryme soltion Ⅰ １ :０ *.８ ０ D
enryme soltion Ⅱ １ :０ *.８ ０  .５
enryme soltion Ⅲ ２ :０ *.８ ０ D
enryme soltion Ⅳ ２ :０ *.８ ０  .５

Table 2 The e f f ects o f di f f erent enz yme combintion o f
al f al f a hy pocotyk cop rotop last dissociation f or on .

Name yield of vinble pro toplast
( １０６ / ml) cellbreabage

enryme soltion Ⅰ ０ 换.２６ large amount
enryme soltion Ⅱ ０ 换.９５ small
enryme soltion Ⅲ ０ 换.３１ quterare
enryme soltion Ⅳ ０ 换.４０ large amount

Table 3 The e f f ects o f di f f erent enz yme dissociation‐time o f al f al f a hy pow ty ls onp rotop last dissociz tion in enryme solition
Ⅱ .
dissocio tion‐time( h) yield( １ × １０６ g － １ ) visbility ( ％ ) yield of vinble protoplast ( １ × １０６ g － １ ) cell brealage

４  ０ 趑.２２ ７９２０  ０ 揪.３３ quterare
６  ０ 趑.９６ ８６９０  １ 揪.０９ small
８  １ 趑.５６ ８１１０  ０ 揪.７４ small
１０ 2１ 趑.０１ ９０２０  ０ 揪.５６ large amount

ReferenceWang Hai‐bo , Yu Yong‐xiong .( ２００６ ) . The Research of Protoplast Dissociate Conditions of Alfalfa [ J] . Chinese Journal o f
G rassland , ２８(５) :３３‐３７ .
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Grazing behaviors of goats and sheep in winter and spring in a desert steppe
H .J . Chen , M .J . W ang 倡 ,Y .M . Shan , Zh .Y . W u and Zh .Q . L i
College o f Ecology and Env ironmental Science , Inner Mongolia A gricultural University ,
H uhhot , Inner Mongolia 010019 P .R .China . 倡 E‐mail : w angmj ＿ ０５４０＠ １６３ .com

Key words : Stip a brev i f lora desert steppe , grazing behavior , goat , sheep , winter and spring
Introduction Grazing ecology was to research how the herbivore to produce and realize grazing behaviors and strategies , toutilize and convert herbage resources efficiently , as well as to maintain permanent and productive ecological function of
grassland ecosystem . With the development of grazing ecology , grazing behaviors were considered as the most active field ingrazing ecology , even in grassland ecology . Meanwhile , grazing behaviors were not only the important factors whichinfluencing the process from primary production to secondary production , determining livestock productivity , but also one ofthe important indices of evaluating grazing system and grassland conditions , and the important criteria of establishing grazingsystem and improving the level of grazing management .
Materials and methods The dynamic variation of grazing behavior parameters of grazing goats and sheep in the four flocks withdifferent percentages of goat and sheep in winter and spring were observed in detail with full‐time in the Stip a brev i f lora desertsteppe in Inner Mongolia (４１°４７′ N , １１１°５３′ E , average annual precipitation ＝ ２８０ mm , elevation ＝ １９６０ ～ ２８００ asl , soil ＝ lightchestnut) . The ratio of goats to sheep of the flocks were １ ∶ ０ ( A ) , １ ∶ １ ( B) , １ ∶ ３ ( C) and ０ ∶ １ (D) respectively . The goatand sheep for trials in the four flocks with healthy , similar body weight and identical age were observed continuously for twodays for each observing time .
Results The dynamic variations of grazing behaviors both for goats and sheep from winter to spring were in the similar trends .Comparing with winter , the ingesting rate in spring increased evidently , intake per bite decreased more than １５％ ( max ４０％ ) ,and daily intake decreased . However , the total bites and walking steps of whole day grazing all increased . Daily intake of goatsand sheep in B and C reduced over １０％ , the goats摧 daily intake in A decreased １２％ . But the sheep in D held the line .Meanwhile , the behavior indices of goats in winter varied obviously more than sheep . In spring , the behavior indices of goats inA varied more than the sheep in D ; in the B and C , the behavior indices of the sheep varied more than goats , which indicatedthat in winter and spring , goats in １ ∶ ０ flock affected the desert steppe greater than sheep in ０ ∶ １ flock . In the １ ∶ １ and １ ∶
３ flocks , goats affected the steppe heavier than sheep in winter , and it was opposite in spring . The variations of grazingbehaviors of sheep in D were more than in the others , and that of goats and sheep in B varied least .

Figure 1 The dynamics o f graz ing behav iors o f graz ing goats and sheep in w inter and sp ring .

Conclusions Different grazing seasons had a great impact on grazing behaviors . In both winter and spring goats in １ ∶ ０ flockaffected the desert steppe greater than sheep in ０ ∶ １ flock . The goats in the １ ∶ １ and １ ∶ ３ flocks affected the steppe heavierthan sheep in winter , and it was opposite in spring . Comparing spring with winter , goats and sheep in the flock of １ ∶ １ gavethe least effects on steppe . So the ratio of goats to sheep in １ ∶ １ flock was considered reasonable and practicable .
Acknowledgement The study was supported by the national �９７３" project ( grant ２００７CB１０６８０５ ) .
ReferencesSh .P . Wang , Y .F . Wang , Z .Zh . Chen , (２００３ ) . Grazing ecosystem management . Beijing : science press , １３７‐１６７ .J .X . Xia , (１９９３) . Grazing ecology and its application in pasture management . Grassland o f China , ４ : ６４‐７０ .
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Variation of POD activity in roots of different fall dormancy alfalfa under the autumn cutting
L i‐bo Chen １ Lei L iu １ ,Zhi‐yong L i １ ,Mei‐z hen W ang ２

１ Grassland Research Institute , CA A S , Hohot , Inner Mongolia , ０１００１０ ,China . ２ Graduate School o f CA A S , Bei j ing
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Introduction Medicago sativa which is the typical leguminous forage is the widest usage in China and the whole world . Theregrow th is serious because of chilliness in the north of China . Some factors attached to hard resistance are last cutting time inthe autumn , different fall dormancy . So , in the experiment , the research on the change of the POD as the evaluation index arecarried on to reveal the relationship between last cutting time in the autumn and different fall dormancy .
Materials and methods Nine cultivars of M . sativa , AC Caribou , Algonquin ,WL３２３ , Amerigraze４０１ , Sanditi , WL４１４ ,HunterRiver , WL５２５HQ , Siriver which fall into three classes of autumn dormancy were chose to compared in the experiment . Thereare ５ treatments ( ３ replications ) . The autumn cutting treatments were applied on the following dates : １０ September , ２０September , ３０ September , １０ October , ２０ October , and no cutting . Then the POD in the root is measured on ５ Nov , ２０ Nov ,next ２６ Mar and １７ May to observe the change of POD in the root and overwinter rate of different fall dormancy alfalfa by thedifferent cutting time .
Results and Analysis Through analyzing the regrow th rate by different cutting time , the date of ３０ September when is ２０ daysbefore the first frost is the lowest . There is no difference between the date of １０ October and ２０ October without effect toregrow th rate( p ＞ ０ .０５) . Through the correlation Analysis , there is high relationship between POD activity and regrow th ratein ５ November at the cutting date of １０ October . ３ . The POD activity rise when the alfalfa regreen , so , there is somerelationship between POD activity and regreen but without knowing about mechanism .
Table 1 The Correlation A nalysis on Sep 10th and Sep 20th on POD .
Cutting date ９ 帋.１０ ９  .２０
Sampling date ９ 帋.１０ １１ ?.５ １１ *.２０ ９  .２０ １１ 乔.５ １１ ^.２０
Correlation index ０ 帋.０６ ０  .５７ ０ 摀.８２ ０  .２０ ０ 櫃.３７ ０ G.７８

Table 2 The Correlation A nalysis on Sep 30th , Oct 10th and Oct 20th on POD .
Cutting date 9 e.30 10 骀.10 10 `.20
Sampling date ９ M.３０ １１ N.５ １１  .２０ １０ 揶.１０ １１ 热.５ １１ 厖.２０ １０ X.２０ １１ B.５ １１ 痧.２０
Correlation index ０ M.３１ ０  .２８ ０ 篌.５４ ０ 乔.３６ ０ y.９７ 倡

０ n.３４ ０ A.２８ ０  .４１ ０ 儋.８６
Conclusions The POD activity has the relationship with the hard resistance and regreen of alfalfa ; The cutting date of ３０September has the important effect on regrow th rate of alfalfa .
ReferenceFeng ,C .J . , L ,X .Y . ,S , W .W . , F ,G . Effect of low temperature stress on SOD , POD activity and praline content of alfalfa .

Pratacultural Science , ２００５(６) :２９‐３２ .
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Experimental study on stipa bungeana grassland of enclosed , cutting and grazing succession for
26 years semi‐arid region of northwest
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Key words :semi‐arid area of northwest , Stip a bungeana , use type , succession process
Introduction The study of management of grassland vegetation , successive process of utilization , rules of degraded pastureecosystem or vanished vegetations , will help to reconstruct the original vegetations and diversity . That is of important guidedmeaning for cultivated and reconstruction stable community types (Cheng et al . , ２００２) .
Materials and methods ( A ) a completely protected area ( forbidden grazing ) , the time sequence evolution of grass vegetationwere observed ; (B) cutting area( cutting twice per year in mid‐June and mid‐September respectively ) , af ter cutting , changes ofcommunity structure were studied ; ( C ) a reasonable grazing area ( rational grazing in middle June , middle August , middleOctober , １ .５‐２ sheep/ hm２ ) , influence of grazing on community structure were studied ; ( D) uncontrolled grazing area ( over‐grazing area) . Time sequence evolution of grass vegetation and community structure were studied during the experiments .Eachtreatment contains ３ fixed plots (１ × １ m２ ) w ith １０ replications . Investigations of the vegetation were carried out on １０th April ,
１０
th July and ５th October , respectively .

　 Figure 1 Grassland population quantity v ariation .

　 Figure 2 Inter‐annual variability o f grassland
biomass(A enclosed area B cutting area C reasonable
graz ing area D unenclosed area) .

Results In district A , plant community density has reached thehighest value ( ３３ species/m２ ) during the first １５ years . Indistrict B and C , change of population species diversity increasedstably , and formed sub‐climax community which is mainlycomposed of Stip a bugeana population in the ２３rd year . In districtD , grassland is usually in serious degradation states . Thecommunity biomass has the same change trend as the compositionof plant density ( Figure １ and Figure ２ ) .
Conclusions With time lapsing , great change of evolution processoccurred in rational cutting and grazing grassland . It eventuallyreached sub‐climax community by four stages evolution . In ２４

th

year of appropriate utilization , great changes have occurred andindividual number of Stipa grandis increased sharply , having atendency of replacing Stipa bungeana .
ReferenceCheng , J . M . , Wan , H . E . ( ２００２ ) . Vegetation constructionand water and soil conservation of Chinese Loess Plateau .Chinese Forestry Press . ( in Chinese)
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The effect of hay covered on soil evaporation
Cui X iangx in , Gao Yong , Zhang X ingyuan
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Key words :hay , biological resources , accumulative evaporation , soil moisture , different coverage rate
Introduction In recent years , much work has been done about covered effect and mechanism in preserving soil moisture bydomestic and foreign experts ( Qiao Hailong , ２００６) . However , there are few researches on the quantitative observation on theinhibitory effect of soil evaporation .Grass hay production system is an important biological resource . With hay as test material ,this paper studied on the effect of soil evaporation by different coverage of hay and explored the mechanism .With a view torestoring grassland ecological environment and providing a theoretical basis and technological support for desertification control .
Materials and methods The test material was typical sandy soil taken from Xilamuren grassland . The soil was air‐dried andhandled through ２ mm sieve , then stuffed the uniform soil into the flowerpots with diameter ２８ cm , high ３４ cm . Eachflowerpot weight ７ .３５ kg , A total of five treatments were planned , and the coverage rates were ０ , ２５％ , ５０％ , ７５％ and
１００％ . Each treatment contained five replications . The flowerpots were displayed randomly with interval space of ０ .５ m , andthe water was added into flowerpots until saturated . In order to simulate natural conditions , ２０ g sandy soil was spreaded onthe surface of hay , and a preservation membrane was covered for ２４ hours . Soil evaporation was measured with Electronic Scaleof precision ０ .５ g . The observation for every two hours is needed in the first ７２ hours time , af ter that at ９ :００ am every day .
Results as table showed , in the evaporation process , the cumulative evaporation of bare soil was the largest . With coverageincreasing , the amount of cumulative evaporation reduced gradually . In the first four days ( ９６ hours ) , the accumulatedevaporation of different treatments showed significantly that １００％ coverage had a great inhibition on soil evaporation , and theinhibition rate can reach ４８％ . With the increase of time , the difference between the groups became exiguous . Multiple testresults showed that during this period of the ５th to ８th day , the accumulative evaporation of ０ ,２５％ and ５０％ differed slightly .While the difference of accumulated evaporation of ７５％ and １００％ was significant , and the inhibition rates were ９ .３％ and
４畅８％ . This is because after a long procession of evaporation topsoil moisture decreased gradually . As a result , the intensity ofevaporation reduced .
Table 1 The accumulated evaporation o f di f f erent treatments .

coverage rate ( ％ ) accumulative evaporation( g )
１d ２d ３d ４d ５d ６d ７d ８d

０ J３６１a ５７２a ６６４a ７３７a ７５０a ７８３a ８０７a ８２１a
２５ a３３１b ５２０b ６３９b ７２２b ７４１b ７７５a ８００a ８１３a
５０ a２９９c ４６０c ５８８c ７１３c ７４０b ７８１b ８０７a ８１９a
７５ a２３９d ３８５d ５１４d ６３５d ６６２c ７０１c ７２８b ７４５b
１００ x１９１e ３０６e ４１７e ６１８e ６７７d ７２９d ７６２c ７８２c

Note : different letters in same row mean significantly under ０ .０５ level .
Conclusions Different degrees of coverage can inhibit soil evaporation effectively . １００％ coverage had a greatest inhibition on soilevaporation , and the inhibition rate reached ４８ percent . With coverage increasing , the amount of accumulative evaporationreduced gradually .
ReferenceQiao Ha‐Long . (２００６) . Effects of straw deep mulching on soil moisture infiltration and evaporation .[ J] Science o f Soil and

W ater Conservation , ２００６ , ４(２) :３４‐３８ .
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Diachronic analysis of vegetation in the Sylvopastoral zone (Senegal) :what lesson to learn from ?
A .T . D IOP １ ,A . D IOUF , A . WA NE
１ PPZS/ ISRA / L NERV P .O . Box ２０５７‐Dakar H ann ( Senegal) . E‐mail : amtadiop＠ sentoo .sn

Keys words : diachronic , sylvopastoral , drought , ecological monitoring , vegetation density
Introduction The Sylvopastoral zone ( ZSP ) of Senegal has been occupied for several centuries by pastoralists . During this
period , frequent bush fires traversed the zone . During the １９５０摧s the installation of boreholes allowed a permanent settlement ofan increasing livestock population . Since １９７０ , the modifications due to these factors were reinforced with rainfall deficits in
particular . To better understand this phenomenon , monitoring was initiated , but discontinued . However , the changes relatedto these factors continued . The objective of this study was to identify the recent dynamics of the vegetation .
Methods of study An inventory of the woody species ( sp) was made in the north at F砪t砪Ol砪 ( FO ) and in the centre at Dahra(Dh) . FO was studied between １９７１ to １９７６ ( Poupon , １９８０ ) and Dh between １９９０ to １９９８ . The same experimental designswere used again in ２００３ . The study of herbaceous species was done through the exploitation of the data from the EcologicalMonitoring Centre ( CSE) at three sites according to a north‐south axis [Souillène (So),Kalossi (Ka)and Ndioumanane (Nd)]from １９８８ to ２００３ .
Results and discussion Data on woody species at FO ( between １９７２ and ２００３ ) and at Dh ( １９９６ and ２００１ ) do not indicatevariation in the number of species ( sp .) but woody density was reduced by ４４％ and ５８％ respectively . The number ofindividuals species has increased in the case of Boscia senegalensis and Calotrop is p rocera at FO ; but decreased for Balanites
aegy p tiaca , Commiphora a f ricana , Guiera senegalensis and A cacia senegal at FO and Calotrop is p rocera and A . senegal inDh . The study of the structure of the settlements shows that some sp have a high number of young individuals at FO and Dh ,
Boscia senegalensis and only at FO , C .p rocera , B . aegy p tiaca and G . senegalensis .
These results show that the environmental conditions in the ZSP are favourable to B . senegalensis and less favourable in somesites to B aegyp tiaca . C . p rocera is maintained with rather old plants in Dh and continues its regeneration in the North . Sp .like G . bicolor and A . senegal are suffering everywhere . Others sp found only in FO like C . af ricana and only in Dh like
A cacia seyal and A cacia nilotica show the same difficulties of grow th . In comparison with studies conducted by Poupon(１９８２ ) , the progression of woody sp drought resistance continues , especially in north .
The data for herbaceous sp from １９８８ to ２００３ indicated that both the north and the center ( with low rainfall) have values thatare higher than those from the south . This was not expected . Some sp can also be regarded as characteristic of these sites sincethey were regularly collected : A ristida mutabilis and Chloris p rieurii in So ; Cenchrus bi f lorus and A lysicarpus ovali f olius inKa ; Schoene f eldia gracilis , Zornia glochidiata in Nd . The relationship between the number of sp/ year and the amount ofrainfall is not significant as well is the diachronic analysis of herbaceous data . Six year‐groups could be highlighted but thediscrimination factors were not identified ; the presence of annual sp . depended on several variable factors in the Sahel such asthe characteristics of the sp and the environment (Diouf and Lambin , ２００１) .
Conclusions The study of the vegetation in ZSP from １９８８ to ２００３ showed that biodiversity was maintained . A very clearreduction in of the density of some woody sp . , however , was noted , but was compensated by an increase in sp adapted todrought . The number of herbaceous sp did not seem to vary according to rainfall or years and it is very often higher in north orthe centre than in the more rainy southern zone .
ReferencesDiouf A . , Lamblin E .F . , ( ２００１ ) . Monitoring land cover changes in semi arid regions : remote sensing data and fieldobservations in the Ferlo , Senegal ; Journal o f A rid Env ironnments ２８ , １２９‐１４８ .Poupon H . ( １９８０ ) . Structure et dynamique de la strate ligneuse d摧une steppe sah lienne au Nord du S砪n砪gal . Paris :ORSTOM , ３５１ p .
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Effect of salt stress on the tall wheatgrass at the stage of seedling
K uan‐hu Dong , Y an‐qing L iu
College o f A nimal Science and Technology , Shanx i A gricultural University , Taigu , Shanx i ０３０８０１ , China . E‐mail :
dongkuanhu＠ sxau .edu .cn

Key words : tall wheatgrass , salt‐tolerance , seedling , superoxide dismutase
Introduction Tall wheatgrass ( Thinopy rum ponticum ) is perennial grass that is widely sown on saline land for grazing and soilconservation . It is known to be one of the most salt‐tolerant pasture grasses . It is suited to sowing in �hard‐pan" situations( Smith , １９９６) . The effect of salt stress on the tall wheatgrass at the stage of seedling was studied in this experiment .
Materials and methods The experiment was conducted in greenhouse with average temperature of １２ — １７ ℃ and relative humidityof ６５％ — ７５％ . Seeds of tall wheatgrass( Thinopy rum ponticum cv . Common) were obtained from Barenbrug Tianjing . Plasticbuckets of ２５ cm diameter and ２０ cm high was lay a bed of small stones in the bottom and inserted a PVC canal each bucket .Each bucket was loaded ７ .５ kg soil and added with four salts ( Na２ SO４ , NaCl , NaHCO３ , and Na２ CO３ ) and with theconcentration of ０％ ( CK ) , ０ .３％ , ０ .５％ , ０ .７％ and ０ .９％ . The experiment used completely randomized design with ３replicates . Twenty plants were reserved in each bucket after seedling . Water was added to each bucket on every other day ,according to the water loss to maintain a constant salt concentration . Sample was collected at the height of about ２５cm andanalyzed in lab .

Figure 1 The e f f ect on surv iv al rate o f seedling by
di f f erent kinds o f salt resistance .

　 　 Figure 2 The e f f ect on superox ide dismutase activ ity o f
seedling by di f f erent kinds o f salt resistance .

Results Tall wheatgrass can adapt the stress ofNa２ SO４ at the concentration of ０ .３％ , ０ .５％ , ０ .７％with survival rate no less than ９６％ ( Liu et al . , ２００７) .The survival rate of other treatments decreased rapidlyas salt concentration increased , especially stress of Na２CO３ at the concentration of ０ .７％ — ０ .９％ ( Figure １) .Content of SOD at the stress of Na２ SO４ increasedslow ly then decreased gradually as salt concentrationincreased . Content of SOD in other treatmentsdecreased at different level as salt concentrationincreased ( Figure ２) .
Conclusions Tall wheatgrass can adapt the stress ofNa２ SO４ , but not tolerant to stress of NaCl , NaHCO３ ,and Na２‐CO３ . Survival rate and the content ofsuperoxide dismutase decreased gradually with theincreasing of the salt concentration .
ReferencesSmith , K . F . (１９９６) . Tall wheatgrass ( Thinopy rum ponticum ( Podp .) Z .W . Liu , R .R .C .Wang) : a neglected resource inAustralian pasture . New Zealand Journal o f A gricultural Research ３９ , ６２３‐６２７ .Liu , Y . Q . , Dong , K . H . , Wang , Q . L . et al . ( ２００７ ) . Effect of salt stress on seed germination of tall wheatgrass .

Grassland and Tur f ２ , １８‐２１ .
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Photosynthesis and soil respiration from a mixed‐grass prairie : effects of grazing and drought
Xue j un Dong , Paul Ny ren , Bob Patton , Guo j ie W ang , Brian K re f t and A nne Ny ren ,
North Dakota State University , Central G rasslands Research Center , ４８２４ ４８

th A V E SE , Streeter , ND ５８４８３ USA
Ryan L imb and Don K irby , North Dakota State University , Dep t . o f A nimal & Range Science , Fargo , ND ５８１０５ USA
Larry Cihacek , North Dakota State University , Dep t . o f Soil Science , Fargo , ND ５８１０５ USA . E‐mail o f corresponding
author : xue j un .dong＠ ndsu .edu

Key words : rangelands , field plots , measurement , net ecosystem CO２ exchange , daily rate
Introduction Current objectives of rangeland management include not only concerns of forage production , but also forenvironmental impacts . The effects of animal grazing on the physiology of rangeland plants have been studied at differentspatial‐temporal scales and have varied results . In leaf‐level studies , it is not easy to account for the spatial‐temporalheterogeneity of main ecophysiological parameters . In farm‐level studies , it is not easy to manipulate key environmental drivers
( such as drought or temperature ) . We conducted a field‐plot scale study of photosynthesis and respiration of a rangelandconsidering the effects of both cattle grazing and drought .
Materials and methods The field measurements were superimposed on pastures of a long‐term grazing intensity study since １９８９
( Patton et al . , ２００７ ) and a study of the effects of drought on rangeland production ( Ryan et al . , ２００４ ) . Two pastures withmoderate and heavy grazing plus a non‐grazing exclosure were used . Within each pasture , three plots of ３m ６m each werechosen from an representative upland area and assigned with natural rainfall , average rainfall and ７５％ of average rainfall
( drought) treatment , respectively , using six automated rain‐out‐shelters . Drought treatment ( Ryan et al . , ２００４) was appliedfrom ２００３ to ２００４ , while ecophysiological measurements were conducted from ２００４ ( effect of drought) and ２００５ ( post‐droughtrecovery ) . Daily photosynthesis was calculated from measured canopy photosynthesis‐light response curves ( using atransparent chamber of ４４ .５ cm × ４４ .５ cm × ６０ cm in dimension attached to LI‐６４００ ) and hourly solar radiation data . Dailyaccumulated ecosystem respiration was calculated from measured soil respiration rate ( using a ６４００‐０９ soil respiration chamber)and soil water and temperature data . The field measurements were made on ２５ clear days from May to Sep .
Results and discussion In both ２００４ and ２００５ , canopy photosynthesis and net ecosystem CO２ exchange rates peaked in June .The average daily net CO２ exchange for ２００４ and ２００５ is ０ .２３ mol CO２ m‐２ day‐１ and ０ .０７ mol CO２ m‐２ day‐１ , respectively ,similar to the daily rate for a low LAI canopy ( Thornley , １９９８ ) . In ２００４ , the drought plots had a daily CO２ exchange rate of
０ .１４ mol CO２ m‐２ day‐１ , which was ５８％ lower than the data for the average rainfall treatment . In ２００５ , w ith the removal ofdrought treatment , the rangeland recovered accordingly ( in terms of ecosystem net CO２ exchange) . The main effect of grazingintensity on ecosystem CO２ exchange was not significant for the whole grazing season . However , in June , when the grassland
plants were most active in physiology , the moderately grazed grassland showed a more positive net gain than did the idled land .
Conclusions (１) The net ecosystem CO２ exchange on mixed‐grass prairie in North Dakota responded sensitively to drought stresswithout prolonged post‐drought recovery . (２ ) The benefits of moderate grazing on ecosystem CO２ exchange were more on thenet exchange than on canopy photosynthesis alone .
ReferencesPatton , B . D . , Dong , X . , Nyren , P . E . , Nyren , A . (２００７) . Effects of grazing intensity , precipitation , and temperature onforage production . Rangeland Ecol . Manage . ６０( ６) : ６５６‐６６５ .Ryan Limb , Don Kirby , Paul Nyren , Bob Patton , Interaction of Simulated Drought and Grazing on Rangeland ,North Dakota

State University Central G rasslands Research Ex tension Center ２００３ Grass and Bee f Research Rev iew , Streeter , NorthDakota , North Dakota State University‐Central Grasslands Research Extension Center , ２０‐２１ , Jan ２００４ .Thornley , J . H . M . (１９９８) . Grassland Dynamics : an ecosystem simulation model . CAB International . Oxon , UK . ３０‐３３ .
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Long‐term cattle grazing affected specific leaf area and its components in two range plant species
Xue j un Dong , Paul Ny ren , Bob Patton , Brian K re f t and A nne Ny ren
North Dakota State University , Central G rasslands Research Center , ４８２４ ４８

th A V E SE , S treeter , North Dakota ５８４８３
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Key words : Pascopy ron smithii Rydb . , Poa p ratensis L . , specific leaf area , cattle grazing , rangelands
Introduction Specific leaf area ( SLA ) , leaf thickness and density influence plant survival , metabolism and nutritional value .However , systematic measurement of these plant attributes on grazed rangelands is poorly documentedy . We studied ２dominant cool‐season grasses , Pascopy ron smithii Rydb . , and Poa p ratensis L . , growing in North Dakota rangelands at ５８７m a .s .l . , w ith continental climate ( mean‐１７ and ＋ ２０ ℃ in Jan and Aug ; ４５８mm rain/ yr , with circa ７０％ during May‐Sep) .Grasses dominate ; forbs contribute ２０％ and shrubs ２％ of the peak standing crop . The area has been grazed/ exclosed for １５years under a grazing intensity study ( Patton and Nyren , １９８８) .
Materials and methods Leaf samples were collected in Jun‐Jul and Aug ２００２ in ３ non‐grazing exclosures , of which ２ are about １０
× ５０ m２ and １ × ２０ × ２０ m２ , and ３ × １３ha heavily grazed pastures , stocked at ６ .８ AUM / ha ( １ AU ＝ a ４５４kg cow orequivalent , based on a mean of １２kg forage DMI/day ; １ AUM ＝ amount of forage consumed by １ AU /month) ( CONFUSINGSENTENCE) . A formula , AU ＝ ( LW /４５４ ) ０ .７５ , where LW ＝ liveweight when placed on pasture , determined the AUequivalent of each animal stocked . Cattle were removed at the end of the season when ８５０ kg / ha of forage remained . Duringeach field trip , ６ batches of leaves ( １２‐２０ young , fully expanded leaves each ) were collected from each of the pastures/exclosures . Leaf area was measured using contact paper and an image analysis system ; leaf volume was measured by waterdisplacement ; leaf thickness was calculated using volume and area data ; leaf density was obtained from leaf volume and drymass . Data from the ６ batches of leaves from each pasture/ exclosure were averaged and regarded as １ replicate (３ replicates forboth the grazing treatment and non‐grazing exclosure) . Data for each species for each sampling period were analysed with １‐way ANOVA .
Results and discussion Increased grazing did not change Pascopy ron SLA but Poa increased by ２６％ in August . The Jun‐Julmeans were not different ( Table １) . As SLA ＝ １ / ( Density ( Thickness) , unchanged SLA in Pascopy ron in Aug may be due tocancellation effects of increased thickness and decreased density . Decreased leaf density was the main cause of the increase inSLA in Poa in Aug . Higher SLA usually is associated with higher liquid content and metabolic rate , which is a typical strategyof fast‐growing species . However , higher SLA and lower density may reduce leaf resistance to drought .
Table 1 E f f ects o f graz ing on grass lea f p roperties .

Species Leaf property Jun － Jul ２００２ 崓Aug ２００２ }
Exclosure Heavy Difference Exclosure Heavy Difference

Pascopy ron smithii SLA ( cm２ / g ) １１９  .３ １１８ ^.０ NS １３４ \.５ １３５ い.２ NS
Thickness ( mm) ０ 构.３３ ０  .３５ NS ０ .２２ ０ H.２６ ↑

Density ( g / cm３ ) ０ 构.２６ ０  .２６ NS ０ .３４ ０ H.２８ NS
Poa p ratensis SLA ( cm２ / g ) １４８  .５ １７０ ^.０ NS １６８ \.２ ２１２ い.４ ↑

Thickness ( mm) ０ 构.２０ ０  .１８ NS ０ .１６ ０ H.１６ NS
Density ( g / cm３ ) ０ 构.３５ ０  .３４ NS ０ .３７ ０ H.３０ ↓ 倡

倡 Significant at p ＜ ０ .１０ ,�NS" : not significant ,�↑ / ↓ " : significantly increased/ decreased ( p ＜ ０ .０５ ) ; .( n ＝ ３)

Conclusions Pascopyron is well adapted to drought but Poa is not . Prolonged animal grazing may have made Poa more watersensitive ; due to increased SLA , Poa may grow faster in high rainfall . However , in drought Poa may wilt more easily than
grasses that have not been grazed , or are less subjected to long‐term grazing .
ReferencePatton , B . D . & P . E . Nyren . ( １９９８ ) . The effect of grazing intensity on soil water and rangeland productivity in southcentral North Dakota . In : D . F . Potts ( Ed .) , Proc . Amer . Water Resources Association Special Conference , RangelandManagement and Water Resources . Amer . W ater Resources A ssociation , Herndon , Virginia , TPS‐９８‐１ .
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Effects of grazing on reproductive characteristics of Stipa brevi f lora in desert steppe
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１ College o f A nimal Science and Technology , Shanx i A gricultural University , Taigu , ０３０８０１ ,China . E‐mail : dulix ia０３２８
＠ １２６ .com . ２ College o f Ecology and Env ironmental Science , Inner Mongolia A gricultural University , H uhhot , ０１００１８ ,
China
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Introduction As one of main plants in Stip a brev i f lora Desert Steppe , Stipa brev i f lora turns green in early spring , and hasgood palatability , and drought resistance . Different grazing intensity affected reproductive methods of Stip a brev i f lora ( Zhang
et al , ２００６) .
Materials and methods Two grazing and one surrounding plots , which areas were ８ .７５ , ８ .８１ , and １ hm２ respectively , were setup in Stip a brev i f lora desert steppe in Siziwang Banner of Inner Mongolia in spring ２００２ . Stoking rates of zero , light , andheavy grazing plot were ０ , ０ .６８６ , and １ .４７７ sheep hm‐２ a‐１ , respectively with ２‐year old Mongolia sheep of similar bodyweight . Ten ５０ × ５０㎝２ quadrats at each plot were sampled to investigate seed yields in ２００４ . Inflorescence , mature seed andreproductive shoot per unit area were recorded . Seed yields were calculated as the multiplication value of bunch , reproductiveshoot , and mature seed per unit area . The data was analyzed with step‐wised regression method and a General ANOVA modewith SPSS １１ .０ software .
Results and analysis Vegetative shoot density in heavy grazing plot was higher significantly ( P ＜ ０ .０５ ) than that of zero andlight grazing plot ( Table １ ) . There was no difference of reproductive shoot density in different plots . With the increase ofgrazing intensity , the inflorescence and mature seed decreased . The seed yields were significantly higher with zero and lightthan that of heavy grazing plot ( P＜ ０ .０５) .
Table 1 The seeding comparison o f S tipa brev i f lora under di f f erent graz ing intensity .

Treatments Vegetativeshootdensity reproductiveshoot density
Inflorescence
perreproductiveshoot

Mature seed
perreproductiveshoot Seeding ratio Seed yields( number per unit area)

Zero grazing plot ３４ 谮.１a ６ �.１a １１１ 帋.８a ５３ 吵.３a ４７ �.７a ３０４４
a

Light grazing plot ３１ 谮.６a ５ �.１a ９０ j.１ab ３６ 吵.０b ４０ �.０a ２９２９
a

Heavy grazing plot ４８ 谮.８b ４ �.８a ８０ j.２b ３７ 吵.４b ４６ �.６a ２１９２
b

Note : Different letters in the same column indicate significant differences at P＜ ０ .０５ level .

The correlation analysis of seed yield per unit area and seed yields components showed that the correlation coefficient was thehighest between seed yields and reproductive shoot density ( Table ２ ) . The regressive equation of reproductive shoot ( X１ ) asthe independent variables and seed yields(Y ) as the dependent variable was Y ＝ ８０１畅５００ X１ － １５５３畅０００ ( R ＝ ０畅８７９) .
Table 2 Correlation between seed yield o f S tipa brev i f lora and correlation f actors .
Correlation factors Correlationcoefficient R Significantlevel
Vegetative shoot density ０ 葺.０６３ P ＞ ０ '.０５
Reproductive shoot density ０ 葺.８７９ P ＜ ０ '.０５
Inflorescence per reproductive shoot ０ 葺.４０４ P ＞ ０ ' 畅０５

Mature seed per reproductive shoot ０ 葺.４２５ P ＞ ０ ' 畅０５

Conclusions The seed yields decreased with the increase of grazing intensity . Reproductive shoot was the main factor ofinfluencing seed yields in Stip a brev i f lora .
ReferenceZhang Y .F . , Zhang D .Y . , (２００６) . Asexual and Sexual Reproductive Strategies in Clonal Plants . Journal o f Plant Ecology

３０( １) :１７４‐１８３ .
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Testing the neutral theory of plant communities in subalpine meadow
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Introduction We tested the neutral theory of biodiversity within the Subalpine meadows on the eastern Tibetan Plateau in areasexhibiting comparatively complicated species composition , Our objective was to explain the species abundance distribution
pattern and underlying mechanisms of biodiversity .
Materials and methods We fit the neutral model to random sampled data set obtained in three different types of habitats ( north‐facing slope , plain field and south‐facing slope) . Three methods used to test the fitness of the neutral model to the realcommunity were the confidence interval method , the goodness of fit method , and the diversity index method .
Results The results showed that there was no difference ( P＞ ０ .０５) between the neutral theory predictions and observed data ofspecies abundance distributions in the three habitats according to the goodness of fit method . The observed data nearlycompletely falls into ９５％ confidence intervals of the neutral model predictions ( only one out of ６３ species in plain fieldcommunities and ２ out of ７５ species in the north‐facing slope communities deviate from ９５％ confidence interval) . There was nosignificant difference between the neutral theory predictions and observed species abundance patterns , in which the fit ofrichness predictions was the best (０ .４９ ＜ P＜ ０ .５６ ) and the fitness of evenness predictions were poor . However , for the threedifferent habitats , the fitness of these three indices in north‐facing slope communities was perfect , and the p‐value variedbetween ０ .４９ － ０ .７０ . However , the fitness in plain field communities were also relative poor ( p‐value of the Simpson diversityindex is smaller than ０ .１ ) .
Discussion Although the test results of the neutral theory by three different test methods and habitats were somewhat different ,the final conclusions were consistent . We concluded that the neutral model can commendably predict species abundancedistribution pattern within these three different habitats of Subalpine meadow of the Tibetan Plateau .
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Dynamics of Leymus chinensis and Hierochloe glabra in grassland plantings within the Songnen
Plains of China
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Introduction Two grasses , Leymus chinensis and H ierochloe glabra are rhizomatous plants distributed broadly within theSongnen Plains of China ( Yang et al . , ２００６ ; Guo et al . , ２００４) . Because germination rate of seeds is less in L . chinensis .thanH . glabra there is a successional progression in plantings from H . glabra to L . chinensis . The capability of vegetativereproduction is stronger in H . glabra population than in L . chinensis population . Therefore L . chinensis is a late successional
grass and H . glabra is an early successional grass . H . glabra usually forms many patches of dominant species in the plantedgrassland at early stage . H . glabra is then replaced by L . chinensis with successional progression occurring gradually .Eventually , L . chinensis would become the dominant species in the community . More compelte understanding of the dynamicsof populations of L . chinensis and H . glabra could provide an improved understanding for management of these reseededgrasslands .
Materials and methods The experiment was carried out at the Pasture Ecology Research Station of Northeast NormalUniversity , Changling , Jilin province of China (４４°４５′N , １２３°３１′E) . In the middle of May ２００４ , １５ mixed communities withdifferent proportions of L . chinensis to H . glabra were sampled . Each sample area was ０畅２５ m × ０畅２５ m and the depth was
０畅２５ m . Numbers of tillers and buds were counted , the accumulated length of rhizomes was measured and the rhizomes werewashed , dried and weighed . Thereafter the quantitative characters of each sample were changed from the sample area into unitarea of １ m × １ m and statistic analysis was regarded , respectively ( This is a confusing sentence‐please rew rite) .

　 Figure 1 Observed data and simulated curves o f the quantitative characters
both Hierochloe glabra and Leymus chinensis in di f f erent series p rogress .

Results The corresponding quantitativecharacters in two populations , as the numberof tillers ( NTLc ) , biomass of rhizomes( BRLc ) , accumulated length of rhizomes( LRLc) and the number of buds ( NBLc) of
L . chinensis increased , the number of tillers( NTHg ) , biomass of rhizomes ( BRHg ) ,accumulated length of rhizomes ( LRHg) andthe number of buds ( NBHg ) of H . glabradecreased with a pattern of the logarithmfunction , respectively ( Figure １ ) . Thecorrelation coefficients ( r ) between NRHgand NRLc , between BRHg and BRLc andbetween LRHg and LRLc were different ( P
＜ ０ .０１ ) , NBHg and NBLc were different( P ＜ ０ .０５ ) in successional development ofthe planted grassland .
Conclusions There was a significant negativecorrelation between NTHg and NTLc ,between BRHg and BRLc , between LRHgand LRLc and between NBHg and NBLc in planted grassland . The quantitative characters of H . glabra population decreasedgradually with increasing presence of L . chinensis . Because of their different biologic charactersitics ( L . chinensis is taller than
H . glabra in tiller height) L . chinensis restrains the photosynthesis of H . glabra in the middle and late period of the growingseason , which restricts the expansion of rhizomes and the biomass accumulation of rhizomes of H . glabra . Thus , budgeneration of H . glabra was reduced . Although they are both rhizomatous grasses , L . chinensis replaces H . glabra andbecomes the dominant species in these planted grasslands over time ..
ReferencesYang Y . F . , Zhang B . T . (２００６) .Grow th patterns of Leymus chinensis clones under different habitat conditions in SongnenPlain of China . Chinese Journal o f A p p lied Ecology , １７(８) :１４１９‐１４２３ .Guo L .H . , Yang Y .F . , Zhang B .T . ( ２００４ ) . Vegetative propagative ability and grow th regulation of H ierochloe glabraexperimental clones on the Songnen Plain of China . A cta Prataculturae Sinica , １３(４) :５７‐６１ .
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Introduction The headwater region of the Yangtze , Yellow and Lantsang rivers is one of the most important ecological functionregions in China , and in eastern Asia . In recent decades , because of climate change and excessive human induced utilization ,
grasslands in the region have degenerated badly (Wang et al , . ２００５ ) . Thus , it is necessary to analyze grassland productivitydynamics to assess changing trends of grassland supply . We discuss reasons for observed changes . This analysis will be helpfulfor establishing effective strategies in grassland conservation and management .
Method Inter‐annual dynamics of grassland yield from １９８８‐２００５ were analyzed using the GLOPEM‐CEVSA model . Thechange index of herbage supply was determined by regression slope/mean yield over these １８ years . A stability index wasdetermined by coefficient of variation (CV) .
Result The grassland productivity varied with grassland type over these １８ years . In general , grassland yield show increasetrend in last １８ years , and increase markedly in alpine desert and alpine steppe of the western part ( Table １) .
Table 1 Grasslands yield and assessment of herbage supply from 1988‐2005 .
Grassland types Mean yield

( kg / ha) s .d . CV( ％ ) Slope Changetrend supply Stability
Temperate steppe ７５４ ┅.３２ ２７８ I.６３ ３６ 换.９４ ５ -.５８ → Low
Alpine meadow ５２９ ┅.８５ ６１  .００ １１ 换.５１ ３ -.３３ → Medium
Alpine steppe １４４ ┅.６７ ４２  .８３ ２９ 换.６１ ３ -.２９ ↗ Low
Alpine desert １３３ ┅.９７ ５６  .０９ ４１ 换.８７ ６ -.２３ ↑ Low
Marsh ８６８ ┅.９１ １３９ I.６０ １６ 换.０７ ９ -.８７ ↗ Medium

Discussion This study indicated that the grasslands in the western arid areas were affected by inter‐annual climatic fluctuation ,which resulted in a herbage supply shortage . This will likely lead to grassland degradation . A trend for increased grassland
productivity over this １８ year period was mainly driven by climate change . Human impacts were mostly restricted . We shouldbe cautious that any increased herbage supply in these areas are minor compared tp long‐term negative impacts of climate changeon ecosystem holistic functions .
ReferenceWang , K . , Hong , F . , Zong , J . , ( ２００５ ) . Resource resources and their sustainable utility in the Three‐River Headwatersregion . A cta A grestia Sinica , ２００５ , １３( Suppl .) , ２８‐３１ .
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Assessment of important environmental factors affecting Agropyron trichophrum establishment
by using an ordination method
Fazel Amiri ,１ M . R . Chaichi２ and T . Tabatabai ３

１ Faculty Member o f Natural Resources , Islamic A z ad University Bushehr Branch , I ran . E‐mail : f amiri ＠ na .iut .ac .
iramiri ＿ f az el＠ yahoo .com , ２ A ssoc . Pro f . o f Tehran University , College o f A gric . , Tehran , I ran .
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Introduction Iran is the homeland of diverse plant and animal species . Our knowledge of the environmental factors affectingthese species and their distribution will help to develop more efficient range improvement plans . Plants growing in differentsites represent the climatic and topographic characteristics of their natural habitats ( Elinberg , １９９２ ) . Knowledge of thesecharacteristics will help to develop range improvement plans based on ecological demands of different plant communities( Escudero et . al . , ２０００ ) . For example , Allen et .al . , ( １９９５ ) found a significant correlation between soil and topographicproperties . These results indicated that there is a possibility to estimate site potentials from both topographic features andexisting plant communities . Similarly , EL‐Ghareeb and Shabana ( １９９０ ) investigated correlations between soil and vegetationcover characteristics . The effective factors on establishment and grow th of plant species were classified in two categories . Ourstudies built upon this earlier work .
Materials and methods
Study areaThe study area was located in Karchambu watershed , Faridan , ２００km west of Isfahan . The total karchambu watershed area isabout １１０００ hectares which geographically is located between ４９°５０′ and ５０°３６′ eastern latitudes and ３２°２′ and ３３°１１′ northernaltitudes . The minimum and maximum elevations from the sea level are ２３６０ and ３７１０m , respectively .
Sampling methodsTo identify the most important edaphic factors contributing in A gropy ron trichophrum establishment and distribution in therange , １５ different sites with uniform cover of mentioned species were identified and selected . Quadrat samples of one squaremeter (１m２ ) were used to measure percent vegetation cover , species density and soil physical and chemical characteristics ontransacts representing the highest diversity of A gropy ron trichophrum ecotypes ( Mueller et al . , １９７４ ) . The least essentialsamples number for vegetations cover measurements in each site was calculated by the following equation (１) :
N ＝

t２ × s２
( 珔x × k) ２ (１) N : number of essential samples , T : t student value with n‐１ and ∞ ＝ ５％ , S : standard variation , X : mean

vegetation coverN : primary sample number , K : Precision coefficient (１０％ ) . All the soil samples were transferred to the laboratory in separateplastic bags , where the pH value , EC as well as Na , K , Ca and Mg content were measured . Sodium absorption ratio wascalculated by the following equation (２) ( Miller and keenly , １９８６) .
SAR ＝ Na/ [ Ca２ ＋ Mg２

２
] １ / ２ （２）

Soil texture was measured by hydrometric method (Black , １９６５) . The relationship among all measured edaphic attributes with
A gropy ron trichophrum establishment and distribution in all １５ range sites was explained by normal ordination grouping of CAcategories using CANOCO and PC‐ORD sof tware ( Ter Braak , １９８７ and １９８８) .
Results The relationship of plant parameters with soil characteristics were identified by RDA( define) method . This method wasapplied to demonstrate these relationships graphically . The results of these analyses in １５ sites showed that there is strongcorrelation between two plant characteristic‐plant density and percent vegetation cover . The increment of these two parametersis exactly in direction of high density plant sites with over １４ , １０ , ５ , ２ , ６ and １２ which indicated the high presence of
A gropy ron trichophrum on these sites . The correlation between these plant parameters ( density and percent vegetation cover)are well indicated by the coefficient of correlation values . Soil characteristics like Ca content at soil A layer , sand , Cl , Mg , andNa at B and silt , clay Sp , EC , pH , and OC at A and B layers have no effects on A gropy ron trichophrum vegetation cover .Parameters like gavel percentage , Mg content and Na at A layer , and Cl at B as well as C / N and Ca content at both A and Blayers of the soil have a moderate effects on vegetation cover of A gropy ron trichophrum . Soil parameters like sand parentageand soil pH at soil a layer have a moderate effect on the vegetation cover while the same factors at B layer were the mosteffective ones on percent vegetation cover . The most important factors on A gropy ron trichophrum density were C/ N ratio andsoil pH at B layer . Among the selected soil parameters , C / N ratio , SAR , sand , gravel and calcium percentage at A layer andSAR , C/ N ratio and Cl at B layer had the highest positive correlation while Sp , pH , and EC parameters at A layer had thelowest correlation with plant parameters .
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Application of Analytical Hierarchy Process ( AHP) in priority classification of utilization
measurement methods in Agropyrun trichophrum stands in upland grasslands of Iran
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Introduction Determination of optimum utilization rate for different range species is an important factor in range grazing capacitymeasurement . The vast rangelands in Iran with diverse vegetation types require an accurate , economic and quick method todetermine the optimum utilization rate for different range species . This experiment was conducted to determine the mostappropriate method to determine the optimum utilization rate for A gropy run trichophrum , which is considered as one ofimportant grass species in upland grasslands in Iran .
Materials and methods The measurement methods were classified in three categories according to sampling sizes and then foreach method the number of samples was determined using the appropriate statistical procedures ( Bonham , １９８９ ) . The timeconsumption ( in field and laboratory ) as well as expenses ( equipments and labor ) for each sample was measured in eachmethod . To determine the accuracy of the applied methods , the statistical method of Estimating Sampling Sizes was employed( Cook et al , １９８６) . The collected data were analyzed by AHP statistical method using �Expert Choice" software ( Asgharpoor ,
１９９８) .
Results Stem counting was the quickest and most economic method while paired caging ( control) method appeared to be themost expensive and time consuming one ( Table １ ) . There was a significant difference ( P ＜ ０ .０５ ) in mean utilization rate of
A gropy run trichophrum measured between paired caging method ( control) and other methods except for height‐weight , beforeand after grazing and Occular ( double sample) estimation methods . The accuracy test showed that height‐weight , before andafter grazing , Occular ( double sample ) estimation and paired caging ( control ) methods with ４ .５ , ８ .３ and ８ .６ percentestimation faults ( k) , respectively , were the most reliable methods among the others . The results of this experiment in respectto high expenses and time consumption of paired caging ( control) method corresponds to results reported by Klingman et al .(１９４３ ) . Stem counting method appeared to be economic and quick in this experiment , however , it was not accurate andtrustable which supports the results reported by Pechanec et al . (１９３７) .
Table 1

Methods Percentageutilization Time(min) Budget Percent estimationfaults ( k％ ) AHP
Paired cage ( control) ４２ 妹.８a １２５８ ⅱ１２９８９０ �０ 哪.０７３b
Before and af ter grazing ４１ 妹.８７a ９３８ t１１４８９０ �３  .７ ０ 哪.０４６b
Occular estimate ( double sample) ４８ 妹.７７a ６６ F３５１３８ R５  ０ 哪.１０４b
Height‐weight ４５a ２９０ t２９９６４ R０  .８ ０ 哪.１５４b
Stem count ３０ 妹.４５b ５２ F１１５０６ R１１ K.４ ０ 哪.１８６a
Reference unite ２７ 妹.２bc ２７５ t３３０８０ R６  .９ ０ 哪.０８９c
Production index ２０ 妹.４１dc ３４５ t４１０７５ R１３ K.９ ０ 哪.０７３dc
Plant count １７ 妹.２１d １８９ t２４４２０ R１８ K.８ ０ 哪.０２３d
Twig length １３ 妹.１２d ５８２ t６２９１７ R２０ K.５ ０ 哪.０４１d
Means with the same letter are not significantly different at ５％ level .
Conclusions The results obtained by Analytical Hierarchy Process in this experiment showed that the appropriate method
( quickest , most economic and most accurate) to measure the optimum utilization rate of A gropy run trichophrum in uplandgrasslands of Iran is height‐weight method .
ReferencesAsgharpoor , M . , (１９９８ ) . Multi Criteria Decision Making . Publication of Tehran University .Bonham , C . D . , (１９８９) . Measurements for terrestrial vegetation . John Wiley and Sons . Inc . , New York .Cook , C . W . and W . Stubbendieek １９８６ . Range Research : Basic Problems and Techniques published by Society of RangeManagement . USA .Pechanec , J .F . and G .D . Pick ford . ( １９３７ ) . A comparison of some methods used in determining percentage utilization ofrange grasses . J . A gr . Res . Vol . ５４ . pp . ７５３‐７６５ .Klingman , D .S .R . Miles & G .O . Mott . (１９４３) . The cage method for determining consumption and yield of pasture herbage .Jour . Am . Soc . A grou . Vol . ３５ . No . ９ . pp . ７３９‐７４６ .
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Introduction From a theoretical point of view , the Britain scholar Pigou ( reference) put forward the very famous Pigou摧s tax
( Need to define this tax ) . The US scholar Coase referred to a well‐known example of this tax ( EXPLAIN HERE) . However ,these theoretical examples do not have practical applications . We need to develop pragmatic examples of appropropriatecompensations of ecological value . Our objective in this paper is to outline examples of practical estimations of ecological valuesof grasslands in Inner Mongolia .
Materials and methods The methods in this paper were developed from the authors摧 investigation in the Xilin Gol League of theInner Mongolia where grasslands have been damaged by mining activities over XX years ( How Long ??) . This paper reports onour adaptations , mainly , of an empirical method , complemented by a theoretical method . This approach combines a number ofeconomics approaches with application at welfare systems ( Is this correct ??) .
Results
Although the principal pollution identified , it difficult to enforce .The pollution‐oriented enterprises settled in the Xilin Gol League of Inner Mongolia grassland reject ecological valuecompensation , even the victim household win the lawsuit , because of their political strength . It can be proved from the JamesMcgill Buchanan摧s public choice theory .
Compared to other types of cases , it is difficult to definitude compensator clearly .It is difficult to determine compensator . Lots of mining enterprises settled in the Xilin Gol League of the Inner Mongolia , butwho are the main bodies ?
It is difficult to determine compensation targets .A herdsman in Xilin Gol League received compensation of ６ million Yuan because there is coal mine underground his pasture .The collectivity has ownership of grassland , but it did not have any compensation . Some compensation is divided by the ratio of
３ :７ for the collectivity and herdsman in Xilin Gol League . It is no doubt that there are utterly baseless .
It is difficult to define the amount of compensation .Someone propose it based on the ecological value grassland , but it is very difficult to calculate , almost could not count . Theextent and time of pollution are also hard to determine .
Conclusions The aim of pointing out there are obstacles of compensation in grassland ecological value is just for probing intoeffective approach to solve these problems . In fact , the authors of this paper focus on that the pollution‐oriented enterprisessettled in grassland should compensate grassland ecological value .
ReferenceZhang , Y . , Li , Y . (２００５) . Valuing versus Pricing Natural and Environmental Resources ? Env ironmental Science and Policy

８(２) : １７９‐１８６ .
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Introduction Galega orientalis Lam and Galega o f f icinalis Linn are perennial legume forages ,that have gained a place ofPractaculture Science importance as new legume pasture species with potential in the former Soviet Union , Northern Europeand Canada . These species have high crop yield , high crude protein content , strong ecological adaptability , and sustainable
persistence in pasture . There have been numerous studies on their biology value and cultivation technique , but research aboutcell biology is lacking . In order to promote the breeding and heredity development of Galega , we have condicted investigationon its karyotype and C‐banding . This information will have value in understanding the genetic nature of these forage plants .
Materials and methods Karyotype analysis of chromesome was conducted by sqush method . The C‐banding analysis wasfollowed by the HBSG ( HCl‐Ba ( OH ) ２‐SSC‐Giemsa) method . The description of karyotype and C‐banding were performedaccording to LI Mao‐xue(１９９６) .
Results and analysis
karyotype analysis The results showed that the number of chromosome of Galega orientalis Lam . was ２n ＝ ２x ＝ １６ ＝ １６m .According to Stebbins�classification , it belonged to １A type . Its AI ( karyotype asymmetry index ) was ２ .５５ .The number ofchromosome of . was ２n ＝ ２x ＝ １６ ＝ １２m ＋ ４s , its karyotype was １A type . Its AI( karyotype asymmetry index ) was １ .７７ . Twospecies have the same chromosome number . The karyotype formula is different ,but they both have nearly median chromosome .
C‐banding research The band formula of Galega orientalis Lam .was ２n ＝ １６ ＝ １０C ＋ ２I ＋ ＋ ２CI＋ ＋ ２ .The band formula of
Galega o f f icinalis Linn .was ２n ＝ １６ ＝ ８C ＋ ２I ＋ ＋ ２I ＋ ＋ ２CI ＋ ＋ ２CT ＋ .

Discussion Karyotype and C‐banding can be used for the analysis of genome and chromosome . Galega orientalis Lam .and
Galega o f f icinalis Linn . were both symmetrical karyotype , which indicated that they were ancient and primal plants .Sometimes arm ratio is inaccurate due to unclear centromere of chromosome related to the degree of pressure . Therefore , it isdifficult to obtain accurate results relying solely on the length of chromosome and the arm ratio characteristics to do thematching analysis . But for most plants , the result of C‐bangding is relatively steady and valued , so we analyse karyotypecombined with the results of C‐banding , in order to obtain more accurate result of karyotype analysis .
ReferencesB .Paszko . A critical review and a new proposal of karyotype asymmetry indices .[ J] Plant Systematics and Evolution .２００６ ,

２５８ :３９‐４８ .LI M X . A suggestion on the standardization of karyotype analysis in plants .[ J] of Wuhan Bot .Res . ,１９８５ ,３ ( ４ ) :２９７‐３０２ ( inChinese) .
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Introduction Plant species and individuals can be grouped into different life‐forms classes based on structural and functionalsimilarities . Life‐forms have close relationships with environmental factors . Raunkiaer proposed a life‐form classificationsystem based on the manner in which plants protect their perennating buds during unfavorable seasons and plant species can be
grouped into five main classes : phanerophytes , chamaephytes , hemicryptophytes , cryptophytes and therophytes . Few studieshave been devoted to the structure and flora of plant communities in the Jahrom region of Iran . The objective of present study ,were classifying plants according to their grow th habits by using Raunkiaer摧s life‐forms system to characterize the flora ofJahrom .
Material and methods The study area was located in the Jahrom region in Iran (５２°３０′ to ５４°００′ E & ２８°００′ to ２９°００′ N) .Themean annual rainfall and temperature was ２００‐５００ mm and １９ .５ ℃ , respectively . The vegetation of the study area wasclassified as woodland , shrubland and sub‐tropical annual grassland . Specimens were identified according to valid references .Species were classified according Raunkiaer摧s life‐form method and the proportion of species in each life‐form class wascalculated .
Results A total of ３４６ species belonging to ２３４ genera and ６７ families were recorded . The families with the greatest number ofspecies were Pap ilionaceae with ５２ species , A steraceae with ４７ species and Poaceae with ３６ species( Figure １) . The life‐formcategories were therophytes with ３０ .１％ of species , hemicryptophytes with ３０ .１％ of species , phanerophytes with １７ .６％ ofspecies and chamaephytes with １３％ of species ( Figure ２) .

Figure 1 Important f amilies and number o f species . Figure 2 Spectrum o f Raunkiaer摧s li f e f orms .

Conclusions This study demonstrates the diversity of herbaceous plants in this area . Papilionaceae , A steraceae and Poaceaewere among the richest families . The chorological studies showed that ８１ .６％ of species were belonged to Irano‐Turanian zoneand ９ .２％ were belonged to Sahara‐Seindian zone .Also ９ .０％ of common species were belonged to both zones . Presence ofsome genera such as A cantholimon , A llium , A stragalus , Centaurea , A lhagi , A chillea , Cotoneaster , Dianthus , Echinops ,
Ferula , Ferulago , Gy psophila , Gundelia , L ycium , Peganum , Phlomis , Pistatia , Prangos , Scrophularia , S ilene , Tulipa ,
Verbascum , and Zygophillum are also characteristic of the Irano‐Turanian zone . Some genera such as Citrullus , Cenchrus ,
Calorop is , Blepharis , Prip loca , Pergularia , Onychium , Ochradenus , Helianthemum , H ammada , Gallonia ,
Psy lliostachys , Prosop is and Ziz iphus are main elements of the Sahara‐Seindian zone . The low low frequency of these generawould indicate that an ecotone zone occurs within the in Jahrom region .
ReferencesCody , M . L . , ( １９８６ ) . Structural niches in plant communities . In : Diamond , J . , Case , T . ( Eds ) , Community Ecology .Harper and Row , San Francisco , pp . ３８１‐４０５ .Crosswhite , F . ,Crosswhite , C . , (１９８４) . A classification of life forms of the Sonoran desert with emphasis on seed plants andtheir survival strategies . Desert Plants ５ , １３１‐１６１ .Rechinger , K .H , . (１９６３) . Flora I ranica . Vol . １‐１７６ .Ghahraman , A . , (１９９６) . General code of the families and genera of the flora of Iran . RIFR .４５７p .
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Introduction Iran摧s rangelands cover about ９０ million hectares and provide a wide variety of products and services . Aims of asampling plan would include maximum efficiency to provide the best statistical estimates with low cost and high precision . It isvery important that sampling provides an unbiased estimate of the variance and the mean of the parameters being studied .Designing efficient sampling techniques is a critical processe to all management decisions . On the other hand , the consequencesof poor sampling design are loss of both time and money , reduced creditability , incorrect management decisions , and ,eventually , rangeland deterioration . The objectives of our study were to compare three vegetation sampling techniques of ( １ )random ( RNDM ) , ( ２ ) systematic ( SYSM ) , and ( ３ ) random‐systematic sampling ( RND‐SYSM ) in terms of precision ,accuracy , and time‐cost consumption to characterize the vegetation of a mountainous region in Iran .
Material and methods The study area is located in southern part of Zagros mountain in Iran between ５２°２０′ to ５２°２３′ E and ２９°
５２′ to ２９°５４′ N . The mean annual precipitation is ５９４ mm and mean annual temperature is １４ .９ ℃ . The study area wasstratified based on physical characteristics ( slope , aspect , and elevation ) by using GIS . In each homogenous unit , threesampling techniques were established to record canopy cover , production , and time/cost consumption .
Results Differences among sampling techniques were significant ( P ＜ ０ .０１ ) for all criteria except for accuracy of production( Table １) . The efficiency of different criteria was ranked and shown in Table ２ .
Table 1 Comparison o f three samp ling methods f or di f f erent criteria .
Sampling Method Time/Cost Consumption ( min .) Accuracy Precision( Variance)

Production Cover Production Cover Production Cover
RNDM ３ M.３１b ３ 构.３１b ５７ T.５２a ３３ 湝.９a ５２５  .３２a ２１９ Z.３３a
SYSM ２ M.３３a ２ 构.３３a ６１ T.６４a ３８ 湝.３６b ５３２  .１６a ２８３ Z.２４b
RND‐SYSM ２ M.１３a ２ 构.１３a ６１ T.７３a ３７ 湝.１５b ７０１  .１９b ２１６ Z.６７a

Table 2 The ranking o f e f f iciency f or three samp ling methods .
Time/Cost 倡 Accuracy Precision
Production Cover Production Cover Production Cover

RND‐SYSM １ M１ 行２ R１ 照３ X１ 谮
SYSM ２ M２ 行１ R２ 照２ X３ 谮
RNDM ３ M３ 行３ R３ 照１ X２ 谮

倡 For time/ cost , accuracy , and precision , １ was the highest efficiency .
Conclusions The results showed that for cover estimation RND‐SYSM had the highest precision and accuracy and the lowesttime/cost consumption . On the other hand , the RNDM had the lowest accuracy and the highest time/cost consumption . Thehighest accuracy for production estimation was belonged to SYSM and the highest precision was belonged to RNDM . Thehighest time/cost efficiency for production and cover estimations was belonged to RND‐SYSM .
ReferencesElzinga ,C .L . ,D .W .Salzer . And J .W .Willoughby .( １９９８ ) .Measuring and Monitoring Plant Population ,BLM . Technical
Re f erence‐１７３０‐１ .USA .４９６p .Krebs ,C .J . (１９９９) .Ecological Methodology .２nd ed .Addison Wesly Hongman .Menlo park ,California .USA .６２０p .Thompson , S .K .２００２ .Samp ling .John Wiley and Sons , NewYork .USA .３６７p .Van der Maarel ,E .( Editor) .(２００５ ) .Vegetation Ecology .Malden Blachwell .３９５p .
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Behavior of medicinal species of Cichorium intybus against salinity on different developmental
stages
M . Ghavam A rabani１ , H . A z arnivand２ ,A . Tav ili２
１ MSc Student o f Range Management , Natural Resources Faculty , University o f Tehran , P .O .Box : ３１５８５‐４３１４ , K araj ,
I ran . E‐Mail :mansurehg＠ yahoo .com . ２ A ssistant Pro f s . , Natural Resources Faculty , University o f Tehran , P .O .Box :
３１５８５‐４３１４ ,K araj , I ran

Introduction Salt tolerance is important in medicinal plants because of the cash value of these crops . The idea of using medicinal
plants to treat human beings and livestock is not new , and in many developing countries their use is still in vogue . Despite thefact that in developed countries modern development in allopathic medicine is at climax , there is a renewed interest in usingmedicinal plants to treat humans , pets and livestock . Medicinal plants are being used for therapeutic purposes in several ways .In modern medicine , many drugs are used that are mainly derived from plants , e .g . digitalis , morphine , atropine , cinchonaand vinblastine ( Joshi , ２０００) . Many people are turning to alternative medicine , due largely to the fact that there are frequentside effects to be faced by taking powerful synthetic allopathic drugs ( Rojhan , ２００３ ) . Because of salinity problems , researchersare trying to get the salt resistant vegetables and medicinal plants on which human摧s food and healthy depend . The presentstudy was carried out to investigate the extent of salinity on the germination and early seedling grow th of Cichorium intybusfrom Compositae .
Materials and methods The seeds of Cichorium intybus were used in this study . Experiment was conducted to examine the effectof different NaCl concentrations on germination percentage , germination velocity , root and shoot length and seed vigor . Toevaluate salt tolerance during germination , ２０ seeds were placed on filter paper ( top of paper procedure) and submerged in ５ mlof NaCl . Solutions of NaCl were used at concentrations of ０ ( control ) , １００ , ２００ , ３００ , and ４００ mM . Experiments wereperformed in a completely randomized design with ４ replicates . Germination counts were made daily and were considered tohave germinated when the radicle emerged . At the end of the germination period , the germination percentage , germinationvelocity , length of the stem and root and seed vigor were calculated .
Results and discussion Table １ shows the results of NaCl salt effects on germination percentage , germination velocity , length ofstem and root and seed vigor . As it is shown in the table , all of understudy characteristics decrease with increase of salinitylevels .
Table 1 Di f f erent NaCl salt concentration on early developmental stage in Cichorium intybus .
SourceofVariation Germinationpercentage Germinationvelocity Seed vigor Length of stem( cm) Length of radicle ( cm)
０ ( mM ) ９７a ２３ 8.４a ８５ M.８４a １ 3.５２a ７ H.３a
１００ =９６a ２２ 8.５a ６６ M.９６b １ 3.２２b ５ H.８b
２００ =８８b １７ 8.９５b ２６c ０ 3.６２c ２ H.３c
３００ =４６c ３  .６４c ２  .３４d ０ 3.３２d ０ H.１８d
４００ =１０d ０  .０９d ０d ０e ０d
Means within a column that have a different small letter are significantly different from each other .
In this study , ex tension of NaCl resulted in unsuitable condition for seed germination of medicinal plant . Decrease of
germination associated with salt concentration increase could be related to accumulation of different ions around seeds whichsubsequently leads to less water absorption by seeds . Water , as well as temperature is of high importance in seed germination .Grieve and Suarez (１９９７) suggest that high levels of soil salinity can significantly inhibit seed germination and seedling grow th ,due to the combined effects of high osmotic potential and specific ion toxicity .
ReferencesGrieve C .M , Suarez D .L . ( １９９７ ) . Purslane ( Portulaca oleracea L .) : a halophytic crop for drainage water reuse systems .

Plant Soil . １９２ : ２７７‐２８３ .Joshi , S .G . (２０００) . Medicinal Plants , Oxford and IBH Publishing Co . Pvt . Ltd . , New Delhi , India .Rojhan , M .S . (２００３) . Herbal remediation . Alavi , Tehran , Iran ( In Persian) .
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Effects of different utilization levels on species richness changes in Saral grassland , Kurdistan
Province
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S .A .R . Mousav i , PhD student , Tehran University
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Introduction Species richness reflects the number of species in a plant community . It is one of the most important plant based
evaluation indices for rangeland ecosystems ( Cingolani et al . , ２００５ ) . The present research was conducted to evaluate effects
different utilization levels upon species richness within grasslands of the Saral region of Kurdistan .
Materials and methods Three areas ( reference , key and critical areas ) were selected from within the Sarel region . Species
richness data were collected using Whittaker plots . Ten plots in each area were used to and data were analyzed using regression
( S ＝ β０ ＋ β１ log x ＋ ε) , Where : S :average number of species in each plots , β０ :intercept ,β１ : species richness changes per areaunit , ε : error amount and x : plot size(０ .１ ,１ ,１０ ,１００ and １０００ ) . Finally , regression coefficient ( β１ ) and intercept ( β０ ) werecompared by using t‐student statistical method together . Paired regressions showed species richness changes . Minitab１３
sof tware was used for this comparing .
Results and conclusion The statistical models for each area ( key , reference and critical areas) were obtained as below : Skey ＝ ３ .
５６ ＋ ３ .７６log x ,SRe fe rence ＝ ３ .８３ ＋ ４ .５３ log x and SCritical ＝ １ .７７ ＋ １ .９９ log x .
The determination coefficients of above equations are respectively ０ .９４ , ０ .９８ and ０ .９８ at l％ level . Regression paired
comparing for key and reference area showed that t‐calculated ( ０ .５３ ) was smaller than t‐table . Therefore there was not a
significant difference between these two areas . The t‐calculated value was bigger than t‐table in reference and critical areas and
in key and critical areas . These results show that both key and critical areas are susceptible to species number changes . Figure
１ , ２ and ３ show regression equations and lines at key , reference and critical areas .
Discussion Key and reference areas were not different . We assumed then that moderate grazing had the same effects as no
grazing on species richness . This result is similar to those obtained by Mesdaghi ( １９８０ ) . With heavy grazing ( critical area)
there was an obvious reduction of species richness which can be serious risk for rangeland . U tilization based on a key area in
each management level is the best approach for rangeland protection and conservation .

　 Figure 1 Regression equation o f
key area .

Figure 2 Regression equation o f
re f erence area .

Figure 3 Regression equation o f
critical area .
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Water relations in native trees , Northeastern Mexico
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Introduction Native trees that grow in the semiarid regions of northeastern Mexico are important feed resources for rangeruminants and white‐tiled deer ( Ramirez , １９９９ ) . They also provide high quality fuelwood and timber for fencing andconstruction . Since water stress (González et al . , ２００４ ) is the most limiting factor in this region , the present work wasfocused to study how diurnal and seasonal leaf water potentials ( Ψ ) of native tree species are related to soil water availabilityand evaporative demand components .
Materilas and methods This study was carried out at the Faculty of Forest Sciences of the Autonomous University of NuevoLeon (２４°４７′N ; ９９°３２′W ; ３５０ masl) Mexico . Studied tree species were : Cordia boissieri ( Boraginaceae) , Condalia hookeri( Rhamnaceae) Diospy ros texana ( Ebenaceae) and Bumelia celastrina ( Sapotaceae) . Determinations of in the four tree specieswere at １０ days intervals between July １０ and November ３０ , ２００７ by using a Scholander pressure bomb . Ψ was monitored infive different plants per species at ２‐h intervals between ０６ :００ ( predawn) and １８ :００ h . Air temperature , relative humidityvapor pressure deficit , precipitation and soil water content were registered throughout . data were subjected to one‐wayANOVA .
Results During the wettest period ( Sep‐１０ ) Ψ ranged from – ０畅７２ （C . boissieri ) to – １畅３０ MPa ( B . celastrina) , in contrast ,during the driest period ( Nov‐３０) , varied from – ２畅９０ （B . celastrina) to – ６畅１０ MPa ( D . texana) ( Figure １ ) . Diurnal Ψvalues were negatively correlated with air temperature and vapor pressure deficit , in contrast , a positive relationship was foundwith relative humidity . Gravimetric soil water content and precipitation data were linearly correlated with predawn Ψ .

Figure 1 Predawn lea f w ater potential ( Ψ ) in f our native tree species , northeastern Mex ico .

Conclusion The ability of tree species to cope with drought stress depends on the pattern of water uptake and the extent tocontrol water loss through the transpirational flux .
ReferencesGonz被lez Rodríguez H . ,Cantú Silva I . ,Gómez Meza M .V . ,and Ram rez Lozano R .G . (２００４ ) . Plant water relations ofshrub species , northeastern Mexico . Journal o f A rid Env ironments , ５８ : ４８３‐５０３ .Ramí rez ,R .G . (１９９９ ) . Feed resources and feeding techniques of small ruminants under extensive management conditions .

Small Ruminant Research , ３４ : ２１５‐２３０ .
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The comparison of photosynthetic physiological characteristics between Leymus chinensis and
Leymus secalinus in the Songnen plains
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Introduction L .chinensis and L . secalinus distributed widely in Songnen grassland , they could adapt to the habitats of different
salinity and alkalinity gradient . The research of photosynthesis of L . chinensis or L . secalinus had great progress , but there no
report about compare their photosynthetic characteristics . In this study , we tired to find some evidences for comparing and
determining their photosynthetic physiological characteristics (Wang et al , ２００１) .
Materials and methods Seeds of L . chinensis and L . secalinus were planted in the same plot in the Songnen plains in ２００６ .
Photosynthetic rate ( Pn ,) and transpiration ( E) through responses of photosynthesis to light and CO２ were determined by LI‐
６４００ in Sept . , ２００７ . During observation the range of photosynthetic photon flux density ( PPFD) was １００ to １６００ ( μmol 爛 m２

S‐１ ) and changing cellular CO２ concentration ( Ci) be controlled by １２ gram CO２ cylinder between １００ and １６００ ( μmol 爛 mol‐１ )( Chen et al , ２００６) .
Results The daily changes trend of Pn of L .chinensis and L .secalinus were similar it shows classical two‐peak type . With thelight or CO２ concentration rising , it is clearly see that the Pn of them was increasing firstly , following reach the peak , and then
keep in the same level no matter how the light or CO２ concentration changed . The CO２ saturation or compensation point of L .
secalinus is notable higher than L .chinensis in photosynthetic response to CO２ measuring . But the E of L .chinensis is obviously
lower than L . secalinus both in figures of responses of photosynthesis to light and CO２ （Figure １) .

　 Figure 1 E f f ects o f Pn ,and E induction on response o f photosynthesis to light in
two sp ices leaves at 380 μmol 爛 mol‐1 CO2 , and comparison o f two curves o f Pn
and E photosynthetic response to CO2 in lea f , observ ations were measured at
1200 μmol 爛 m‐2 s‐1 photons .

Conclusions There were remarkable
linear correlation between changes of
light use efficiency or transpiration and
changes of PPFD or CO２ concentration
in this study . For the plant , the high
Pn could help it accumulate more
organic compounds , but it is not the
only character for determine the
competitive and existent capacity . In
the drought and semiarid area , water is
one of the most important limited
factors for plants lived , so E should be
the key character for plant . E of L .
chinensis is notably higher than L .
secalinus in this studied , these
evidences and data revealed L .chinensis
has more competitive capacity and
adaptive live in the Songnen Plains than
L . secalinus .
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Biological soil crust under shrubs and its topsoil properties in the process of dune vegetation
restoration in the Horqin Sandy Grassland , Inner Mongolia
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Introduction Biological soil crust (BSC) is a major structural feature of surface soils and sediments , especially in the arid andsemiarid regions , which commonly result from the development of communities of micro‐organisms on the surface of physicalsoil crusts . BSCs are well developed under different shrubs along the vegetation restoration gradient of dunes in the HorqinSandy Grassland , Inner Mongolia , northern China .
Material and methods The Horqin Sandy Grassland is located in the agro‐pastoral transition zone between the Inner MongolianPlateau and the Northeast Plains of China , and is one of the most severely desertified regions of China . We conducted a fieldinvestigation wherein , BSC and topsoil ( ０‐２ .５ cm and ２ .５‐５ cm under BSC ) samples were taken under different shrubs indifferent habitats , and their physicochemical properties , including particle size distribution , bulk density , organic matter ,nitrogen , phosphorus , electrical conductivity ( EC) , pH , and CaCO３ content .
Results and discussion Here in the Horqin Sandy Grassland , due to ecological effects of dune shrubs and their habitats , as thedunes transitioned from semi‐mobile dune to semi‐fixed dune , fixed dune and interdunal low land , a succession of physical ,algae , lichen and moss crusts developed under dominant shrubs .
Table 1 Site descrip tion o f BSC samp les in the Horqin Sandy G rassland .

Sites Shrub types Crown diameter
( cm × cm) Crust types Crust color Crust Cover

Mobile duen — — — — —

Semi‐mobile dune Artemisia halodendron ４５ × ６０‐７０ × ９０ 换Physical crust gray and offwhite ３０％

Semi‐fixed dune Caragana microphylla ９５ × １１０‐１４５ × ２０５ EPhysical crust gray ５０％

Algae crust dark gray ６０％

Fixed dune Artemisia frigida ２８ × ３０‐３５ × ４０ 换Lichen crust yellow green ８０％

Moss crust light brown ８５％

Interdunal low land Salix microstachya ５５ × ７０‐８４ × １２０ 殚Lichen crust light green ９０％

Moss crust black green ９０％

Simultaneously the value of plant community characteristics increased overall , including cover , richness , aboveground biomass ,litter and species diversity . The thickness , water content , fine fraction , and nutrients of BSCs were gradually increased alongthis successional trajectory . Topsoil nutrients , ＜ ０ .０５ mm particle content in ０‐２ .５ cm and ２ .５‐５ cm layers under BSCsincreased gradually with the BSC developed from physical to moss crust , and they were higher than that in mobile dune .Moreover , fine fraction , total and available nutrients of topsoil under BSC were decreased gradually from upper to inner layerwithin ０‐５ cm . At a soil depth of ０‐１２０ cm soil layer , water content in mobile dune was much higher than that under BSCs ateach layer , owing to shrub establishment and BSC formation which decrease the infiltration of rainfall to the soil .
Conclusions BSC formation and topsoil amelioration can firstly be ascribed to the distinct protection role of shrub establishment ,contributing to against wind erosion . No matter what kind of crust was formed , all crusts contained comparatively large amountof fine particles . The more stable the habitat was , the longer the BSC was formed , and the more the finer particle content wascontained , as well as the higher values in chemical properties in the BSC .
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Introduction Steppes are the most widespread type of plant communities in the Mongolian Republic , that is situated in theeasternmost ultra continental sector of the Eurasian Steppe Region . The territories with the steppes vegetation extend from thewestern up to the eastern frontiers of the country ( from ９０° up to １２０° E longitude) , while in the south they reach ４０°２０′Nlatitude‐that is much more south then in the neighbouring continental sector‐Kazakhstan , where the boundary between steppeand desert region nearly coincides with ４８° N latitude ( Karamysheva , Lavrenko , Rach‐kovskaja , １９６９) .
Russian geobotanists traditionally distinguish the following steppe types , which successively replace one another from north tosouth with increasing aridity of climate , as demonstrated by decreasing precipitation , increase of temperature summations andlengthening of the frost‐free period ( Lavrenko , Karamysheva , Nikulina , １９９１ ; Lavrenko , Karamyshf .va , １９９３ ) :
１ . Meadow steppe , in semi humid climate .
２ . T rue or typical steppes :a) Bunch‐grass steppe with many forbs , in semiarid climate .b) Bunch‐grass steppe with few forbs , in arid climate .
３ . Desertified bunch‐grass and dwarf semi‐shrub‐bunch‐grass ( semi‐desert) steppe , in very arid climate .
４ . Desert dwarf semi‐shrub‐bunch‐grass steppe , in hyper arid climate .
Main zonal and altitudinal types of steppes The list of the main zonal and altitudinal types of steppes is made up on the basis ofthe legend to the vegetation map of MPR ( Karamysheva , Dashnjam , １９９０) . The informatior by E . I Rachkovskaja and E . A .Volkova is used for the territories of the Gobi Altai , the central and eastern parts of Mongolian Altai M ts .
The Latin names of plant communities are composed in the following order : Latin names of the dominants and codominants aretransfed in the first place . They are united by symbol �‐" . Further the groups of the so called �differential" species with thespecial ecology and ( or ) geography are adduced .The Central Asian subregion vegetation is classified in following blocks ofGrasslands in Mongolian country .
Cryoxerophytic pasture in mountain :
● Forest pasture
● Steppe pasture
● Dry‐Steppe pasture
● Desert‐Steppe pasture
● Gobi‐Deser pasture
● Pasture of floodlands
Nowadays ７５ types of that ７ blocks are mainly preserve their natural conservation . The ９ province region of Northern ChinaGrasslands are about ９６０ million hectars , ５６％ of these are used . This is so interresting for us . ( According to Grasslands andGrassland sciences in Northern China , Washington , D .C １９９２) .
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Effect of patch size of metacommunity on species diversity in Leymus chinensis meadow in the
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Introduction The effect of habitat patch size and the spatial distribution of habitat patches have been regarded as important inconservation biology( Fahrig and Merriam , １９９４ ) . Moreover , increasing habitat patch size contributes to species richness inlocal communities . Patch size is too small to be sufficient for sustaining the generation of population . Therefore , the idea can beextended to that of the metacommunity . There will be also a minimum patch area to maintain high species diversity inmetacommunity , a set of apatially separated communities . In the present research , Leymus chinensis and Phragmites communiscommunities were studied in L . chinensis meadow in restoration succession in the Songnen plains of China . Analysis of Speciesdiversity in L . chinensis and Ph . communis community patches with different sizes to disclose the changes of species diversityamong different patches and the effect of patches sizes on the species diversity , and to offer references for species diversityconservation and grassland management .
Materials and methods The present experiment was carried out in L . chinensis meadow in Songnen plains ( ４４°３５′ N ,１２３°３０′
E) . Community patches with different sizes both L . chinensis and Ph . communis dominant in L . chinensis meadow inrestoration succession were sampled in the middle of August in ２００６ , when the plants were in the growing season . . The speciesabundance and coverage were investigated in １４ habitat patches , which the average size , the minimum and the maximum are
１３ .７５ m２ , １ .３２ m２ , and ５６ .５ m２ , respectively . In order to gain population density ,１‐５ smaples were tesed in each patchaccording to the habitat patch size .The total number of samples was ４２ .The indices of Patric richness , Pielou eveness andSimpson diversity were employed in this research ( Zhang , ２００４) .
Result and discussion Number of species , evenness and species diversity of L . chinensis and Ph . communis communitiesincreased with an increase in patch area ,and all reached the maximum when the patch area was １０畅２４ m２ when richness ,evenness and species diversity were ２５ , ０畅６６ and ０畅８２ , respectively , and followed by １１畅２ m２ when number of species ,evenness and species diversity were ２６ , ０畅４５ and ０畅６ . The curve became gentler when patch area was larger than １１畅２ m２ . Itwas concluded that the minimum area of L . chinensis and Ph . communis community patch was １０畅２４ m２

‐１１畅２ m２ to sustainspecies diversity in L . chinensis meadow in the Songnen plains of China , and abundant species would disappear without certaincommunity environment when patch areas were lower than the ones .

Figure 1 The relationship between richness , eveness and species diversity and the patch size in metacommunity .

Conclusions The richness , evenness and species diversity of L . chinensis and Ph . communis communities increased as the patcharea increased , and the highest value of species diversity were in １０ .２４ m２
‐１１ .０２ m２ , which was the minimum area to sustainhigh species diversity and species diversity would decrease when patch areas were lower than the ones , which offered references

for species conservation .
ReferencesFahrig , L . , Merriam , G . , (１９９４ ) . Conservation of fragmented populations . Conserv ation Biology , ８ , ５０‐５９ .Li , J D . , Wang , R Z . , (１９９８) . Biodiversity of grassland resources in Songnen Plain . Pratacultural Science , １５ ,１‐３ .Zhang , J T . , (２００４) . Quantitative Ecology . Beijing : Science Press , ８６‐９２ .
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Response of activated oxygen metabolism to water stress in different drought‐tolerant alfalfa
(Medicago sativa) at seedling stage
HA N Rui‐Hong
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Introduction Plant grow th and productivity are affected by various abiotic stresses such as heat , cold , drought and high salinityand so on . Water stress is considered to be the main environmental factor limiting plant grow th and yield worldwide , especiallyin semi‐arid areas ( Boyer ,１９８２ ) .Alfalfa ( Medicago sativ a ) is an important legume forage with high drought resistance .However , drought stress is still the main adverse factor limiting alfalfa production . The aim of the present study was to assessresponse of activated oxygen metabolism to water stress in different drought‐tolerant alfalfa at seedling stage in order to providetheoretical basis for drought‐tolerance alfalfa breeding .
Materials and methods Plant materials and water treatments . Two Alfalfas varying in their tolerance to drought were used ,Longdong with high drought resistance and BL‐０２‐３２９ with low drought resistance were grown in plastic pots ( ４０ cm indiameter , ３０ cm long , ten plants per pot) . Each pot had eight plants and each material replicated six times . The plants weredivided two groups when the plants were in the ramification periods . One group was control and the other group wastreatment . Control was watered normally and the treatment was not watered until the twelf th day when it was rewatered . TheO２ generation rate ,MDA , AsA ,Car SOD activity and POD activity were tested on the od , ４d ,８d ,１２d and the fourth day afterrewatering .
Results Under drought stress , the O２ generation rate MDA content and damage of cell membrane increased . Campared withweak drought‐resistance alfalfa there were low O２ generation rate less accumulation of MDA content and lighter damage of cellmembrane in the leaves of strong drought‐resistance alfalfa when stressed by drought , and strong drought‐resistance alfalfa canrecovery faster after rewatering .
POD activity and SOD activity enhanced in the leaves of two alfalfas under drought stress .AsA content and Car content increased in the leaves of two alfalfas under drought stress .
Discussion From the response of activated oxygen metabolism to water stress in different drought‐tolerant alfalfa at seedlingstage we can see that there are higher endogenous coordination of antioxidation enzyme system and nonenzyme system in strongdrought‐resistance alfalfa than that of low drought resistance alfalfa at seedling stage .
ReferencesBoyer , J .S . ,( １９８２) .Plant productivity and environment .Science ２１８ :４４３‐４４８ .Li , W . R . ,Zhang ,S .Q . ,Shan ,L . , ( ２００７ ) .Physiological and biochemical responses of leaves and roots of alfalfa (Medicago

sativ a L .) to water stress ４ :３０１‐３０５ .
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Ecological characteristics of halophytes in the arid areas
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Introduction Scarce water resources in arid areas force people to use highly saline water for irrigation . The practices result inthe expansion of areas affected by secondary salinization( Szabolcs １９８６) . The countermeasures to cope with the soil salinizationproblem include the utilization of salt tolerant crops or halophytes .
Materials and methods The field survey was carried out during June to October , ２００３ at ５ sampling sites distributed on saltaffected areas in Middle to Western parts of Inner Mongolia ( Ejinor , Xlingol , Cagnnor ,Wlingsu and Jrndi) . The halophytic
plant samples were collected from １m × １m size quadrats . The scientific names of families and species of plants were identifiedand recorded . The number of stocks , size of stocks , plant height and biomass of each species were measured .
Results Plant ecological analysis was carried out around salt lakes and salt affected areas in central to western parts of InnerMongolia . Special attention was paid on the usage of plants . Halophytes of ２０ families with １１３ species were recorded on ５sites . Among them , there were ３４ medicinal plant species and ４１ forage plant species ( among them , １１ species have high
quality for forage) . Twelve species were common with Japanese flora . Fif ty eight species have their close relatives in Japaneseflora . Plants with no close relatives in Japanese flora numbered ４０ in family level and ３ in species level . Chenopodiaceae plantslike Salicornia , Suaeda and K alidium formed colonies as pioneer plants on the salt affected areas in central to western parts ofInner Mongolia . Phragmites australis , Salicornia europ aea , and Suaeda corniculata produced high biomass at the centralparts of salt affected areas . The biomass of these species was ２３ .８ , ８ .９ , and ７ .２ kg /m２ , respectively . Species diversitycalculated by Simpson摧s index ranged between ０ .０００ and ０ .７９１ . On the plot where salt accumulated more , the index fellaround ０ showing the breakdown of diversity .
Conclusions From the experimental results stated above , the following suggestions for the utilization of halophytes wereobtained . Halophytes such as Salicornia , Suaeda and others distribute naturally in the salt affected areas . Their biomass
production is quite high . Selecting the proper species , animal feed can be produced . The feasibility expands the options ofcountermeasures to resume destroyed plant vegetations .
This paper intends to introduce the major plant species , which distribute on the salt affected grasslands in middle and western
part of Inner Mongolia , with their characteristics . The utilization of these species was also discussed . The associated objectiveof the paper is to provide a convenient list of plant species to assist Japanese researchers for their field studies or for theirreferences in the laboratories .
ReferenceSzubolcs .I .(１９８６) . Agronomical and ecological impalt of irrigation on soil and water salinity .Adv . soil Sci .４ :１８９‐２１８ .
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Responses of photosynthetic rate of lucerne and the mechanisms under cutting at different water
availabilities
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Introduction The regrow th after cutting ( defoliating ) is essential to the utilization of forage and grassland . After forage cutting ,the residue has to change its original function to adapt new situation . Some clue showed that photosynthetic rate ( Pn) of theaboveground part would increase after cutting and would keep higher for a longer period ( Nowak and Caldwell , １９８４ ; vonCaemmerer and Farquhar , １９８４) . That might be resulted from the change of light illumination . However , Pn change shortlyafter cutting was still not clear and the mechanisms under cutting stimulus awaited further exploitation .
Materials and methods Local Lucerne variety ( Medicago sativ a cv . Xinjiangdaye) was chosen as the experimental material . Onegroup of materials was kept ７０％ field water capacity ( FWC ) and another was ３５％ FWC . On a clear day , plant Pn andstomatal conductance ( gs) were measured every two hours using LI‐６４００ after forage cutting . Proline and antioxidases werealso measured ５ , １０ and ３０ h after cutting .

Results and discussions Higher Pn was observed in the residue with cutting , especially ５ h after cutting . Accordingly , greater gswas also measured under cutting treatment . Furthermore , proline content and the activities of SOD ( superoxidase ) , POD
( peroxidase) and CAT ( catalase ) were greater under cutting than without cutting ５ h after cutting . Greater gs promisedenough CO２ supply , thus resulting in higher Pn . The enhanced antioxidases would efficiently clean out free radicals resultingfrom cutting stimulus and more proline would help to maintain cell osmotic potential , thus maintain cell normal function ,including guard cell/ stomatal function . Additionally , more water supplies ( i .e . ７０％ FWC) could keep plant more sensitive andefficient in response to cutting stimulus . CAT was found very significant responding to cutting , suggesting that it may play akey role in this stimulus‐response signaling . Further investigation concerning regrowing mechanisms is now conducted .
Acknowledgement This work was supported by the grants from ９７３ Program of China (２００７CB１０６８０４ and ２００７CB１０８９０１) .
ReferencesNowak , R . S . , Caldwell , M . M . , ( １９８４ ) . A test of compensatory photosynthesis in the field : implications for herbivorytolerance . Oecologia ６l , ３１１‐３１８ .von Caemmerer , S . , Farquhar , G .D . , (１９８４) . Effects of partial defoliation , changes of irradiance during grow th , short‐termwater stress and grow th at enhanced p( CO２ ) on the photosynthetic capacity of leaves of Phaseolus vulgaris L . Planta １６０ ,

３２０‐３２９ .
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Citric acid accumulation of Puccinellia tenui f lora is a specific adaptive response to alkaline
stress
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Introduction Puccinellia tenui f lora is typical forages found in saline‐alkaline habitats of Songnen Grassland . Owing to thespecial osmregulation , the species could survive in high pH conditions . In order to understand the physiologic characteristic of
P . tenui f lora alkali tolerance , citric acid accumulation under the alkaline stress was studied .
Materials and methods These treatments were divided randomly into １５ groups (３ replicates per group) . One group was used asthe control ( CK ) . Five groups were treated with Na２ CO３ solutions . Six groups were treated with NaCl solutions with
concentrations . The remaining ３ groups were treated with １００ mmol l‐１ Na２ CO３ solutions , which were neutralized pH７ , pH８
and pH９ using ８５％ H３ PO４ . Proline condentration was determined according to Bates et al . (１９７３) . The concentration of totalorganic acid was determined according to Jing and Ding ( １９８１ ) , and citric acid was determined using the pentabromoacetonemethod adapted from Shi and Yin (１９９３) .
Results Citric acid concentrations of P . tenui f lora increased with increasing stress strength by Na２CO３ ( p ＜ ０ .０５ , R ＝ ０ .９６７) .Under NaCl stress , citric acid concentration decreased slightly ( p ＞ ０ .０５) w ith increasing stress strength ( Figure １) . Changesin the concentration of citric acid and total organic acid with increasing stress strength were almost parallel in the alkaline
stressed seedlings of P . tenui f lora ( data not shown) . The proline concentration of P . tenui f lora also increased with theincreases of NaCl and Na２CO３ . In neutralization treatments , citric acid concentrations of P . tenui f lora decreased withdecreasing pH value ( p ＜ ０ .０５ , R ＝ ０ .９６３) . Proline concentration of changed irregularly with pH value decreasing .

Figure 1 Comparison o f citric acid and p roline
accumulation between salt stress and alkaline stress in P .
tenuiflora .

Figure 2 E f f ects o f neutraliz ation on the concentrations
o f p roline and citric acid in P .tenuiflora .

Conclusions Under alkaline stress , the organic acid metabolism of P . tenui f lora was changed , mainly due to the accumulationof citric acid . The citric acid accumulation was a specific physiological response to alkaline stress . The proline accumulation was
physiological response to osmotic stress and the primary physiological significance of proline accumulation was osmoticadjustment .
Reference
Shi , D .C . , and Yin , L .J . (１９９３) . Difference between salt ( NaCl) and alkaline ( Na２CO３ ) stresses on Puccinellia tenui f lora( Griseb .) Scribn . et Merr . plants . A cta Botanica Sinica , ３５ : １４４‐１４９ . ( in Chinese) .



瞯 ]200　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Ecological characteristics of 3 salt grasses of saline and alkaline habitats of northern Gorgan ,
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Introduction saltiness and alkaline phenomenon are the main problems of the arid and semi‐arid regions . The extent of suchlands are high in Iran and they been increasing under various factors day by day . One of the methods can be using of appropriate
plants for such areas . Using of natural flour of the saline areas is one of the main ways to combat against the saline problem sothat we use of maximum utilization of these regions by the least interference in the environment . In this direction , three
perennial salt grasses as names Puccinellia distans ( Jacq .) Parl . , A eluropus littoralis , A leuropus logopoides have been chosenfor this study in saline and alkaline habitats Northern Gorgan .
Materials and methods This investigation was carried out in eastern coast of the Caspian Sea . The extent of the rangelands inthis area is １００ ,０００ hectares . In order to study of ecological characteristic , soil type , forage production , plant cover has beenconsidered . In these habitats forage production measured by clipping and weighting method and to use quadrate １ square meter ,Soil analysis were done by below methods in laboratory : texture by hydrometric , electrical conductivity in saturation extractwith electrical conductivity meter .
Results Results obtained from present investigation showed that there have been distributed on the saline and alkaline rangelandsof Golestan province .These three species have complete adaptability to the rainfall condition between ２５０ to ３２１mm and meantemperature １７ ℃ , also the climate of the region is semi‐arid and on the basis of Gussan method . Forage production pu .distanshas been between １８７ to ８００ kg / ha , A e . L agopoides and A e . littoralis have ５０ and ２０ kg / ha respectively . The resultsobtained from soil chemical analysis show that Ec A e .L agopoides( L .) T rin .ex Thwaites is between １７ .５ to ６０ ds/m at the areawhich are distributed these species but the main distribution of A e .L agopoides is with the mean salinity ３９ ds/m and A e .
littoralis ( Gouan) Parl . is ３１ds/m , also Ec Pu .distans is between ３９ to ５２ ds/m .
Conclusions Pu .distans is most suitable for the agricultural areas with ３２１ mm or more annual rainfall . It Good stands havebeen grown with lower rainfall but establishment is more risky .To combat the salinity problem , A e .L agopoides and A e .
littoralis send out the salt as salty grains from their various organs ( leave and stem ) and for this reason they have aconsiderable resistance to salinity .
ReferencesAbarsaji ,GH . , (１９９６) . Investigation on Aeluropus spp sites in saline and alkaline rangelands in the north of Gorgan . Thesisfor degree of Ms in range management . University of Agricultural Science and Natural Resources of Gorgan .Hossaini , SA .(１９９７) . Autecology of puccinellia distans in saline and alkaline habitats Northern Gorgan region . Journal o f

research & Reconstruction No .３６ :２１‐２６ .
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Cytologic observations of sterility in interspecific F1 hybrid from Leymus chinensis and Leymus
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Introduction Leymus chinensis and Leymus cinereus belong to Leymus genus of T rib triticeais ,both are allotetraploid (２n ＝ ２８ )rhizomegrass . Cross between two species is known as Geographically distant and the complement of advantages anddisadvantages . But the interspecific F１ hybrid is totally sterile . In order to understand the cytologic mechanism of hybrid F１sterility and fertility restoration further , In this study , the meiosis of PMCs and the development of pollen and embryo sac of
L .chinensis ,L . cinereus and their F１ hybrid .were observed .
Materials and methods L . chinensis was collected from north China ,L . cinereus was collected from north America . Spikes of L .
chinensis served as female parent were coverd with parchment paper sleeves following emasculation . Pollination was achieved byshaking pollen‐bearing spike of L . cinereus in the top of the sleeve . Seedings were established from germinated seed without theaid of embryo culture . Spikes for cytological analysis were fixed in Carnoy摧s solution for ２４h and then stored in ７０％ ethanol ina refrigerator .Pollen grains were stained with ２％ acetocarmine solution to estimate their viability . Florets for analysis ofembryo sac development were fixed in FAA and then were dehydrated ,embedded ,sectioned ,stained using standard methods .
Results Data on pairing at metaphase‐ Ⅰ of PMCs in the parents and their F１ hybrid are listed in Table １ . Chromosome pairing ,pollen stainability and seed set under open pollination in the parents were very high ,and univalents were occasionlly observed .chromosome pairing was also relative high in L . chinensis × L . cinereus .And the Chromosome configuration at M Ⅰ was ２ .２９ Ⅰ ＋ １２ .３９ Ⅱ . Furthermore , most associations was ２ Ⅰ ＋ １３ Ⅱ ,andmajority of bivalents were rings . Multivalents were not observed . Pollen stainability were ８６ .８ ,１２ .０ and ０ .９ ％ at １‐nucleated
pollen stage ,２‐nucleated pollen stage and ３‐nucleated pollen stage , respectively . The F１ hybrids did not set seed under openpollination . The development stages of embryo sac in L . chinensis and L . cinereus were observed . But abortive embryo sacobserved at meitosis Ⅰ in F１ hybrid turned into trace which was stained darkly ( Figure １) following the megaspore mother cellsdeveloping dichod .
Table 1 Meiotic behav ior in the L . chinensis , L . cinereus and their hybrid .

Materials No .of
chrom .

No .of
cells

Chromosome pairing at M I

I
II

Rod Ring Total

stainable pollen( ％ )
１‐nucleated
pollen

２‐nucleated
pollen

３‐nucleated
pollen

Seed sets
( ％ )

L . chinensis ２８ ]１４７ '０ K.２４
( ０ － ４ )

２ *.７３
( ０ － １３ )

１１  .１２
( １ － １４ ) １３ {.８５ ９７ ).３ ８６ �.７ ８１ 行.９ ５１ 舷.２

L . cine reus ２８ ]１００ '０ K.１４
( ０ － ２ )

０ *.２０
( ０ － １ )

１３  .７０
( １３ － １４ ) １３ {.９０ ９７ ).９ ８９ �.３ ８４ 行.８ ６４ 舷.９

F１ hybrid ２８ ]１５１ '２ K.２９
( ０ － １０ )

０ *.２１
( ０ － ４ )

１２  .１８
( ８ － １４ ) １２ {.３９ ８６ ).８ １２ �.０ ０ 换.９ ０ 滗

　 Figure 1 The abortiv e embryo
sac( indicated by ar row ) o f F 1
hybrid .

Conclusions The lack of stained pollen ,absence of seed set under open pollination ,and highfrequency bivalents in F１ hybrid indicated that its sterility was genic rather than genomic .Pollen abortion was mainly occurred between late １‐nucleated pollen and early ２‐nucleated
pollen in F１ hybrid . Embryo sac abortion in F１ hybrid initiated after the megaspore mother celldevelopeing dichod .
ReferencesKevin B . Jensen , Richard R‐C Wang . , ( １９９７ ) . Cytological and molecular evidence fortransferring Elymus Coreanus from the genus Elymus to Leymus and molecular evidence for

Elymus cali f ornicus ( poaceae :triticeae ) . Int .J .Plant Sci . , １５８(６ ) : ８７２‐８７７ .Hole J . , Jensen K B . , Wang R R‐C . , ( １９９９ ) . Molecular marker analysis of Leymus
f lavescens and chromosome pairing in Leymus f lavescens hybrids ( Poaceae : T riticeae ) .Int .J .Plant Sci . ,１６０ : ３７１‐３７６ .
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Introduction In order to better understand and manage grassland ecosystems , it is important to study the relationship betweenenvironmental factors and plant ( Jafari , ２００４) . Effects of environmental factors on plant communities have been the subject ofmany ecological studies in recent years ( Campagne , ２００６) . One of the main components of grassland is vegetation , the absenceand presence of which is controlled by environmental variables . Much of the research on species‐environment relationships hasbeen carried out in semiarid regions of North America , Australia , and other regions . Our knowledge about interactions ofvegetation distribution and environmental factors in arid regions of China is rather poor ( He , ２００４) . The aim of this paper wasto discuss how does environmental factors impact on plant distribution and composition in Bayinbuluk grassland , northwestchina .
Materials and methods Bayinbuluk grassland is an typical alpine cold grassland (８２°２７′‐８６°１７′ E ,４２°１８′‐４３°３４′ N) and located inthe southern slope of the Tianshan mountain region in Xinjiang province . The mean altitude is ２４００m .The annual meantemperature is‐４ .２ ℃ . The mean annual precipitation is ２６３ .６mm . In ２００６ , fif teen sites ( １０m × １０m ) were founded fromtypical vegetation types . In each site , seven １m × １m quadrats were sampled for grass species in late July . Grassland vegetationfrequency , height and cover percentage were recorded . Three soil samples were collected in each site , every soil sample wastaken from ０‐１０ , １０‐２０ , ２０‐３０ , ３０‐４０ to ４０‐５０ cm layers . Samples were pooled to form one composite sample . Measured soilfactors included organic matter , pH value , soluble calcium , soluble bicarbonate , soil water content . In vegetation growingseason( from early May to late September ) , fif teen HOBO Pro RH / TEMP Data Loggers were installed to acquire data ofrelative humidity and air temperature . Soil compaction were determined by soil compaction meter . The species importancevalues were calculated using the formula : IV ＝ ( Relative coverage ＋ Relative frequency ＋ Relative height) /３００ . Vegetation andrelated environmental factors were analysed using canonical correspondence analysis ( CCA ) . Vegetation types were classifiedby two‐way indicator species analysis ( TWINSPAN) .
Results A total of ５０ indigenous species were identified during this study , belonging to ４３ genera and ２１ families . fif teen sites ofstudy area were classified into six groups . Group I was dominated by Stip a purpurea ＋ Festuca ov ina and S . purpurea ＋ F .
ov ina community types , contained the less soil water content and relative humidity values , but the air temperature value washighest . Group II was dominated by Kobresia cap illi f olia ＋ Carex stenocarpa ＋ S . purpurea and C . stenocarpa ＋ K .
cap illi f olia ＋ F . ov ina community types , soil water content and relative humidity values were relative lower . Group III wasdominated by C . stenocarpa ＋ K . cap illi f olia ＋ Polygonum v iv ip arum and C . stenocarpa ＋ K . cap illi f olia ＋ P .
v iv ip arum . Available potassium , air temperature , organic matter and soil compaction values were relative lower . Group IVwas dominated by C . stenocarpa ＋ P .v iv iparum , P .v iv iparum ＋ C . stenocarpa and K . cap illi f olia ＋ P .v iv ip arum .Fertile soil were indicated by relative higher available nitrogen , available potassium and organic matter values . Group IV wasdominated by C . stenocarpa ＋ K . cap illi f olia ＋ P .v iv iparum , K . cap illi f olia ＋ C . stenocarpa ＋ P .v iv iparum and K .
cap illi f olia ＋ Carex melanantha ＋ P .v iv ip arum , Soil water content , relative humidity values , organic matter and availablenitrogen values were relative higher . Group VI was a sedge wetland community type dominated by C . melanantha ＋

T riglochin palustre , relative humidity and soil water content values higher . The results of CCA ordination showed first axis
( eigenvalue ＝ ０ .９１５ ) accounted for ３４ .２％ variation in environmental factors data . Correlation between the first axis andspecies‐environmental variables was ０ .９９６ . The second axis ( Eigenvalue ＝ ０ .６３２ ) explained ５７ .８％ variation in data set .Correlation between the second axis and species‐environmental variables was ０ .９５ . Axis １ was correlated to air temperature ,pH value , HCO３

２‐ , soil water content . Axis ２ was correlated to soil compaction , Ca２ ＋ , pH value , HCO３
２‐ , air temperature ,soil water content and relative humidity .

Conclusions According to the results of vegetation classification , quadrats were classified into six groups . Group １ was an alpinecold steppe type , group ２ was an alpine cold grassland‐meadow , group ３ ,４ ,５ was alpine cold meadows , group ６ was a sedgewetland type . CCA analysis showed that the distribution of vegetation types was most strongly correlated with air temperature ,pH value , HCO３
２‐ , soil water content in Bayinbuluk grassland .

ReferenceHe , M .Z . , Zheng , J .G . , Li , X .R . , et al . ( ２００７ ) . Environmental factors affecting vegetation composition in the AlxaPlatean , China . Journal o f A rid Env iroments ６９ , ４７３‐４８９ .
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The photosynthetic characteristics of Hemarthria compressa in different seasons
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Key words : Hemarthria compressa , Photosynthetic characteristic , Photosynthetically active radiation ,Seasonal variation
Introduction Hemarthria comp ressa is very popular in southwest China for hay production and also a potential turfgrassgermplasm for low maintenance turf ( Yang , ２００６ ) . The photosynthetic variation in different seasons was unknown . Theobjectives of research were to discover the relationship between the photosynthetic characteristics and environmental factors infour seasons , and to find the photosynthetic productive potential of Hemarthria comp ressa .
Materials and methods The hay producing variety Guangyi摧 was planted in the Teaching and Research Center in SichuanAgricultural University ( ３８°０８′ N , １０３°１４′ E ) for four years . We took photosynthetic measurements from ２００６‐２００７ .Measurements of leaf gas‐exchange on fully expanded leaves at the top of the canopy were made in situ every two hours throughthe diurnal period ( from dawn until af ter dust ) , using an open gas‐exchange system incorporating a CO２ / H２ O vapor IR gasanalyzer ( Li‐６４００ , LICOR , Lincoln , NE , USA .) . Net photosynthetic rate ( Pn ,μmolCO２ 爛 m‐２ 爛 s‐１ ) , intercellular CO２concentration(Ci , μmol 爛 mol‐１ ) , transpiration( T r , mmolH２ O 爛 m‐２ 爛 s‐１ ) , stomatal conductance( GS ,mmolH２ O 爛 m‐２ 爛 s‐１ )and light‐response curves were analyzed by Photosynthesis Assistance Software .
Results The daily variation of photosynthetic rate in different seasons presented a single peak curve ( Figure １ ) . Hemarthria
comp ressa has a strong photosynthetic ability in spring and summer . The statistical analysis showed that net photosyntheticrate has a distinct relationship with photosynthetically active radiation in four seasons . It also significantly related tointercellular CO２ concentration , transpiration , stomatal conductance in summer and autumn . In spring all the determinedindicators have no relativity . Hemarthria comp ressa has higher light saturation point in summer , it is ７０３ mol m‐２ s‐１ (３５０ molm‐２ s‐１ for autumn , １２５ mol m‐２ s‐１ for winter , ３１８ mol m‐２ s‐１ for spring ) . And in winter , it has lower light compensation pointof ３ .９１ mol m‐２ s‐１ (２３ .４ mol m‐２ s‐１ for summer , １０畅１ mol m‐２ s‐１ for autumn , ３４ .８ mol m‐２ s‐１ for spring ) .

Figure 1 Diurnal variation o f net photosynthetic rate , intercellular CO2 concentration , stomatal conductance , transp iration
rate in di f f erent seasons .

Conclusions Hemarthria comp ressa can make the best of the light and heat condition to cumulate organic matter in spring andsummer . The low light compensation point in winter could adapt the low light condition . Due to the lower winter
photosynthesis of this grass , we can improve the yield and quality of the hay production fields by overseeding other winter‐season annual grasses in the winter .
ReferenceYang C .H . , Zhang X .Q , (２００６ ) . Hemarthria comp ressa : grow th behavior and multipurpose usages . ACTA Prataculturae

Sinica , １５( suppl .) ,２１５‐２１６ .
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The dynamic changes of biodiversity in Hongsongwa Nature Reserve
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Introduction Measuring species diversity is critical for ecological research and biodiversity conservation . Using fencingmanagement in natural grassland ecosystems to regulate the grazing intensity of herbivores , plant biodiversity could bemaintained ( Herrero M et al . ,１９９８ ) . Hongsongwa Nature Reserve is marked off three functional areas with fences in whichdifferent measures of management are carried out . After enclosed management taken for a long time , monitoring the trend ofchanges in biodiversity in Grassland Nature Reserve is of great significance .
Materials and methods Hongsongwa National Nature Reserve lies in Weichang County , Hebei Province ( N ４２°１０′ ～ ４２ °２０′ ,E１１７°１８′ ～ １１７°３５′) in China , which is the overlapping zone of the North China , Mongolia and northeast flora ( Lianfang li ,
１９９９ ) . The vegetation types belong to mountain meadow , and the soil is mainly mountain meadow soil and mountain black soil .Experiments were done in core area , buffer area and experimental area in early June , July , August and September from １９９９ to
２００４ . Five samples were selected in each of the three functional areas in which their natural conditions were consistent witheach other . The average value of the five investigated samples was the data that was used to evaluate each area摧s characteristic .
Results From １９９９ to ２００４ , Species richness & Shannon‐Wiener( H摧) indices in buffer area were the highest between core area ,buffer area and experimental area every year , followed by core area , the two indices in experimental area were minimum( Figure １ , Figure ２) . Simpson index ( C ) in core and experimental area was higher than the index in buffer area in the sameyear ( Figure ２ ) . Mountain meadow , as a nutrient‐rich grassland ecosystem has high productivity and is richness in plantdiversity . Contrasting the value of the three areas , if it was lacking grazing or mowing its biodiversity would decrease ( Figure
１&Figure ２) . The dynamics of biodiversity consisted with the viewpoint that plant species richness increased with high grazingin nutrient‐rich ecosystems ( M . Proulx & A . Mazumder , １９９８ ) . The results also support the popular viewpoint at presentthat H摧 and C are useful to reflect changes of biodiversity .

Figure 1 The species richness index o f
Hongsongwa Nature Reserve .

Figure 2 The species Shannon‐W iener index &
Simpson index in Hongsongwa Nature Reserve .

With the enclosed management carried on , Richness index in core area decreased in ２００１ because the average rainfall in summerof ２００１ was more than in １９９８ & １９９９ and interference was lacking . Besides H摧 achieved its peak in ２００１ , not in ２００４ becausethat species distribution in ２００４ was less evenness than that in ２００１ .
Conclusions Appropriate interference of mowing in buffer area could maintain species diversity successfully . The policy ofabsolute protection for the core area only applied to the initial stages of degraded grasslands . After the restoration ofvegetation , appropriate interference should be taken . Otherwise , biodiversity in the core area would decline along withenclosure for a long time , and the natural landscape of grassland would be changed .
ReferencesHerrero M , J B Dent and R H Fawcett , ( １９９８) . The plant / animal interfane in models of grazing systems . In :R M Peart and RB Currt( ed .) , A gricultural System Modeling and Simulation .Marcel Dekker , Inc .New York ４９５‐５４２ .Lianfang li ,１９９９ . The study of seed plants in Hongsongwa grassland Nature Reserve . Grassland o f China( in Chinese) ,５ ,３５‐

４１ .M . Proulx & A . Mazumder , ( １９９８ ) . Reversal of grazing impact on plant species richness in nutrient‐poor vs . nutrient‐richecosystems . Ecology , ７９(８ ) , ２５８１‐２５９２ .
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Classification of herbaceous communities in the subalpine meadow on Mt . Xiaowutai
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Introduction Sub‐alpine meadows of Xiaowutai Mountain ( ３９° ～ ４０°N , １１４° ～ １１５°E) dominated by Kobresia myosuroides areimportant summer feed resources for grazing cattle and horses (Dong et al . , １９９４) . However , very limited information aboutthe vegetation compositions of the meadows are available . This study was conducted to classify the herbaceous communities of
the meadows , so as to provide basic information for their management .
Materials and methods The sampling site was ９ .６ km２ in size and located on upper Xiaowutai Mountain . １ m × １ m plots were
randomly placed along an altitudinal gradient from ２２００ to ２８００ m a .s .l . at ５０ m ( ± ２０ m) intervals , Totally ８ transects with
７６ plots were set at last . Plant species composition , average height and plant cover of each species in each site were recorded .Species importance value ( IV ＝ (relative height ＋ relative cover ) /２ ) was calculated . Data sets were subjected to Two‐wayIndicator Species Analysis ( TWINSPAN) ( Hill , １９７９) for the classification of plant communities .

　 　 　 　 Figure 1 End‐groups o f f loristic
classi f ication ( TW INSPA N ) f or
the 76 vegetation samp les .

Results Overall , ９７ taxa including grass , herb , fern species were
recorded from ７６ survey plots . ５ vegetation associations were
distinguished according to TWINSPAN cluster analysis ( Figure １) . (１)Ass . Saussurea chinensis ＋ Saussurea iodostegia ＋ L igusticum
tachiroei ( cluster １ , ２ plots ) occupied the steep , sunny rocky slopesnear the summit , and most species living here were cold‐resistant , sun
plants . S . chinensis was the dominant species and S . iodostegia and L .
tachiroei were subdominant species . (２ ) Ass . Kobresia myosuroides ＋

Potentilla nivea ＋ Hedysarum inundatum ( cluster ２ , ３７ plots ) werefound just below the Asso . １ , where K . myosuroides , S . iodostegia ,
P . nivea and H . inundatum , the typical species of subalpine meadows
were the dominant species , and Carex coriophora , Poa sibirica ,
A naphalis sinica , L . tachiroei , Koeleria cristata and T risetum
sibiricum were in the position of subdominant species . ( ３ ) Ass .
Kobresia myosuroides ＋ Hedysarum inundatum ( cluster ３ , １２ plots )distributed at shady slopes , where the dominate species are H .
inundatum , K . myosuroides , S . iodostegia , L ibanotis condensata and
C . coriophora , accompanied by those species favor humid environmentand are shade‐tolerant and cold‐resistant , such as Rumex acetosa ,
Myosotis sy lv atica , A ster alp inus , Ranunculus j aponicus , etc . ( ４ )Ass . Kobresia myosuroides ＋ Polygonum v iv ip arum ＋ Carex
duriuscula ( cluster ４ , ７ plots ) existed at the low altitudinal sites ,where Carex duriuscula and Taraxacum p laty pecidum were more
important , followed by other trample‐standing species like Plantago
dep ressa and L igusticum jeholense ) . (５) Ass . Kobresia myosuroides ＋

Scabiosa tschiliensis ( cluster ５ , １８ plots ) located in sunny slopes nearvalley , and was dominated by light‐favoring and dry‐standing species ,
such as Scabiosa tschiliensis , Sanguisorba o f f icinalis , and S . iodostegia , P . nivea , K . myosuroides .
Conclusions Five herbaceous associations classified by TWINSPAN shows that the vegetation compositions of the sub‐alpine
meadows on Xiaowutai Mountain vary with the geographic locationd and micro‐environment . Therefore , the appropriate
management strategies should be applied according to their diversity .
References
Dong , K .H . , Jing , Z .L . , Zhang , J .Q .& Y .K . Wang ( １９９４ ) . Dynamics of herbage production in sub‐alpine meadow
growing on different slope aspect . Journal o f Shanx i A gricultural University , １４ (１ ) : ２２‐２５ .Hill M .O . ( １９７９) . TWINSPAN : A FORTRAM Program for Arranging Multivariable Data in an Ordered Two‐way Table byClassification of the Individuals and Attributes . Cornell University , Ithaca .
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Effect of intercropping forages on root growth of fruit tree and orchard ecology
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Introduction Intercropping forages in young orchards not only could fully utilize the land resource to solve a conflict betweenorchard and pasture , but also could improve the microclimate of hilly orchards ( Qi et al , １９９３ ) . In contrast , some articlesreported that planting mulch grasses in orchard could lead to conflicts of competing water and nutrients between grasses andfruit trees ( Catzeflis et al , １９９７ ) . This paper investigated the root distribution of forage‐orchard compound system and effectsof intercropping legume forage Chamaecrista sp p . on the orchard ecology to provide scientific basis for water and fertilizermanagement of orchard .
Materials and methods Experiment １ : The experimental materials were five‐year Longan trees and Chamaecrasta rotundi f oliaintercropped in Longan tree orchard . Randomized block design was employed . Experiment ２ : Four treatments were imposed ina randomized complete block design with ３ replicates . T reatments were : A . Planting C . rotundi f olia on built contour terracesand Bahia grass and Premier finger grass on the walls of terraces of the orchard ; B . No grasses on built contour terraces and thewalls of terraces compared with A ; C . Planting fruit trees down‐slope without building contour terraces , the slope was coveredby forages ; D . No grasses covered the slope compared with C .
Results (１) ８８ .２％ roots of C . rotundi f olia were concentrated in ０‐２０ soil layer , however ７１ .５％ roots of Longan treedistributed in the lower soil layer ( lower than ０‐２０cm) ( Table １ ) , thus the overlapped rate of the root system of two differentplants was less than ５％ . ( ２ ) Compared with the weed‐cleaning orchard , runoff amount of the red‐earth orchard whereintercropped C . rotundi f olia for ３ years decreased from ２４８２ .４t / hm２ to ６１t / hm２ ; the available N , P , K content increasedfrom ４７ .６ , ２ .３ ,３０ .４mg / kg to ８５ .４ ,９ .０ , ９５ .１mg / kg respectively ; and soil porosity and soil moisture increased by ７ .１％ and
１ .２ ％ respectively ( Table ２) .
Table 1 Root distribution o f 5‐year Longan trees ( root number /m2 ) .

Soil layer( cm) Distance from the tree base ( cm)
５０ {１００ 耨１５０ 9２００ 倐２５０ 适Sum Percentage

( ％ )
０‐２０ \６６０ ┅５５０ 耨４８０ 9２３０ 倐１４０ 适２０６０ @２８ ,.５
２０‐４０ 妸８７０ ┅８００ 耨８６０ 9３７０ 倐１８０ 适３０８０ @４２ ,.５
４０‐６０ 妸３８０ ┅５５０ 耨５０  １６０ 倐１００ 适１２４０ @１７ ,.１
６０‐８０ 妸３３０ ┅１２０ 耨０ 葺６０ T７０ 湝５８０  ８ �.０
８０‐１００ 父１３０ ┅１１０ 耨０ 葺０ &４０ 湝２８０  ３ �.９

Table 2 E f f ect o f intercrop p ing C . rotundifolia in orchard on soil bulk density and porosity .
Item Soil layer( cm) T reatment A T reatment B
soil bulk density ( g / cm３ ) ０‐１０ ~０  .９８ １ .０５

１０‐２０ �０  .９７ １ .０８
Porosity ( ％ ) ０‐１０ ~２５ 0.７６ ２０ ..１

１０‐２０ �２５ 0.７０ １７ ..１
Conclusions Planting C . rotundi f olia outside the crown range of Longan trees had little effect on root grow th of fruit trees andcould reduce the runoff and sediment , raise soil fertility and improve the microenvironment of orchards .
ReferencesQi Zhiping , Tang Shumei , (１９９６) . T ropical forage and eco‐agriculture . Research o f T rop ical Crops (３) : ３０‐３３ .Catzeflis J . , (１９８８) . No‐tillage of the space between rows in arboricultere compared with grassing down . Hort A bs t ５９(１１ ) :

１０‐１３ .
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Effect on Artemisia f rigida module under different stocking rates in the desert steppe , Inner
Mongolia
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Introduction A rtemisia f rigida , a dominant plant in the desert steppe , Inner Mongolia , is a mainly clonal propagating plant . Itis quite vegetative grow th and new adventitious roots , which is very important to maintain livestock food in the semiarid desertsteppe . The stocking rate is an important factor to propagation pattern of A rtemisia f rigida in grazing management in thedesert steppe . There are few studies concerning A rtemisia f rigida module change under different stocking rates in the desertsteppe . Some available evidence is for livestock production ( Han et al , ２０００ ) in the desert steppe and for A rtemisia f rigidamodule in the typical steppe ( Li et al ２００２ ) . Therefore , the effect of stocking rate on A rtemisia f rigida module must bestudied to investigated the rule of module change and maintain the sustainable development of desert steppe .
Materials and methods The study was conducted with random paddocks plot method from ２００４ to ２００５ . There were three plots .A control (４ .４ ha) and ３ stocking rate paddocks ( ４ .４ ha each) with three replications were conducted in each plot . Threestocking rates were ０ .９３ , １ .８２ and ２ .７１ sheep/ ha/ half yr . The site is on the Inner Mongolian Plateau ( ４１°４７′N , １１１°５４′E ,average annual precipitation ＝ ２８０ mm , elevation ＝ １４５０ m asl , soil ＝ Light Chestnut ) . The dominant species were S .
brev i f lora ,A rtemisia f rigida Willd . , and Cleistogenes songorica( Roshev .) Ohwi . Sample was separately from early June ,early August and late September in ２００４ ,２００５ . A rtemisia f rigida of one meter square ( three replication) was dug with rootsin each paddock , then took back to the lab to wash off the soil and statistic the density of vegetative branch , reproductivebranch , adventitious root , and rule the length of stolon stem and spacer .
Results The module density of A rtemisia f rigida is different with the grow th season and increased stocking rate . The lengthand density of module except reproductive branch in light stocking rate (０ .９３) was higher ( P ＜ ０ .０５) than in control , moderate(１ .８２ ) and heavy stocking rate ( ２ .７１ ) ( Figure １ ) . The density of reproductive branch was decreased significantly with theincreased stocking rate .

Figure 1 The module o f Artemisia frigida .
Conclusions The light stocking rate can promote the module of A rtemisia f rigida . Therefore , a proper stocking rate is ０ .９３sheep/ ha/ half yr in moderately degraded desert steppe . The study needs to be continued to assess the long‐term effects of
A rtemisia f rigida module under different stocking rates in the Desert Steppe , Inner Mongolia .
Acknowledgement This work was funded by the National Natural Science Foundation of China . (３００６００５６ ,３０３６００２２ )
ReferencesHan , G . , Li , B . , Wei , Z . , and Li , H . ( ２０００ ) . Live weight change of sheep under ５ stocking rates in Stipa brev i f loraDesert Steppe . Grassland o f China ６ : ４‐６ .Li , J . and Li Zh . ( ２００２ ) . Clonal morphological plasticity and biomass allocation pattern of A rtemisia f rigida and

potentillaacaulis under different grazing intensities .A cta phytoecologica sinica . ４ : ４３５‐４４０ .
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Investigation on environmental factors influencing distribution of plant species ( case study :
damghan region of Semnan province)
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Introduction The understanding of relationship between plant and ecological characteristics in rangeland ecosystems is veryimportant and it can help the managers to manage the rangelands . Many researchers have proven that plant associationsinfluenced by Environmental Factors such as , soil characteristics topographic factors , precipitation and other factor inecosystems( Lents , Ro . １９８４ ; Aeraz & Zayed ,１９９６ ; Bruce ,McCune & James Grace ,２００２ ; Zare , ２００１ ; Jafari , ２００４ ) Thepurpose of current study is to investigate the reasons of plant species distribution in association with environmental factors tofind the most important governing factors in the relation between vegetation cover and environmental factors .

　 　

Material and methods The study areaincludes a longitudinal profile ex tendingfrom southern slopes of Alborz to HajAligholi Kavir of Semnan province .First ,base maps such as geomorphologicfacies , lithologic map and elevation wasover layed to obtain working units map .Based on the prepared map and fieldsurveys . １０ plots was established inrandomized systematic pattern forvegetation cover sampling . distributionof vegetation cover .Floristic list ,canopycover and density of species weredetermined in each plot .Furthermore , ５
profiles were sampled within the plots tostudy soil characteristics in ０‐５０ cmdepth as the effective depth of soil effecton the plant .Consequently , analysis ofinteraction between soil properties andvegetation cover was conducted by usingPC‐ORD ( Version４ ) sof tware based onprincipal components analysis ( PCA) .
Results and discussion The resultsshowed that plant type and amongenvironmental factors , elevation , precipitation and slope as the first principal component ( F .P .C ) and percent of sand , loamand ESP as the second principal component ( S .P .C) explain ３９ .２９％ and ２０ .５％ of the vegetation cover variation respectively .In addition , the mentioned factors explain ５９ .７９％ of vegetation cover variation in Damghan region . The result show that byusing PCA analysis we can able to determine the ecological similarity and difference among plant associations and classified themin similar groups as well . The result of this research in Semnan province Explain that there are very important relationshipbetween plant association and unit work( over layed of geomorphologic facies , lithologic and topographic map) , but in erea thatinfluenced by people application( such as agriculture , intense grazing and . . .) we cannot see very significant relation betweenthis cases because of soil disturbance .
RefrencesAeraz , M . & Zayed , ( １９９６ ) . Effect of environment factors on the flora of alluvial fans southern Sina , Journal o f A rid

Env ironments . ３２ : ４３１‐４４３ .Bruce ,McCune & James B .Grace ,( ２００２) .Analysis of ecological communities , Published by MjM Sof tware Design .Jafari , M , (２００４) . Investigation on effective soil characteristics on distribution of rangelands species .Zare chahuki , M , (２００１) . Investigation on relation between some plant species and some physico‐chemical characteristics ofsoil .
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Changes in plant communities by grazing in northern Mongolian grassland and assessment of
nomads
K . K akinuma１ and S . Takatsuki２
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Introduction Due to a regime change in １９９２ , the Mongolian economic system experienced a drastic shif t , which resulted in thechanges in the life style of nomads . The nomads were concentrated to particular places and became less mobile ( Fernandez‐Gimenez , ２００４) . This resulted in vegetation degradation ( Okayasu , ２００７) . Despite warnings of scientists , this is not resolvedbut is being intensified . One of the reasons is that Mongolian nomads do not recognize imminent threats to the resources or totheir future livelihood ( Fernandez‐Gimenez , ２０００ ) . If so , studies on only vegetation are not enough , but need to includeevaluations by nomads . We , therefore , studied both grazing effects on vegetation and nomads� assessment of plantcommunities .
Study area and methods The study area is , Bulgan Aimag ( Prefecture) , located in the forest‐steppe zone in the north‐central
part of Mongolia . We divided the area into three levels of grazing intensities according to ger locations and number of livestock .We examined ６ light grazing sites , ５ moderate grazing sites , and ５ heavy grazing sites . Each site contained five １m × １m
quadrats . In each quadrat , we recorded the coverage ( ％ ) and the height ( cm ) of all plant species , and clipped the plants toobtain the standing biomass ( g ) . For nomads摧 assessment , we visited the sites with them and interviewed their assessments ofthe grassland conditions
Results Total number of species , height of plants , and total standing biomass decreased as grazing pressure increased . Perennialforbs such as Geranium spp . and Galium verum in heavy grazed sites greatly decreased in cover and in biomass . Graminoidssuch as Carex and Elymus kept fairly constant levels of coverage and biomass regardless of grazing pressure . According tointerviews , nomads seemed to consider heavy grazing sites were relatively good . They called graminoids �thin plants" andregarded them as good forage for livestock . These plants had greatest coverage in heavily grazed sites . These results imply thatnomads do not consider heavily grazed sites problematic and this recognition does not stop heavy grazing .
ReferencesFernandez‐Gimenez , M . E . ( ２０００ ) . The role of Mongolian nomadic pastoralists摧 ecological knowledge in rangelandmanagement . Ecological A p p lications , １０ ; １３１８‐１３２６ .

（２００２） ．Spatial and social boundaries and the paradox of pastoral land tenure : a case study from postsocialist Mongolia .
Human Ecology , ３０ ; ４９‐７８ .Okayasu , T . , M . Muto , U . Jamsran & K . Takeuchi ( ２００７ ) . Spatially heterogeneous impacts on rangeland af ter socialsystem change in Mongolia . L and Degradation & Development , １８ ; ５５５‐５６６ .
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Genetic polymorphism by RAPD of Leymus chinensis
X . J . Kong , Z . W . L iang 倡 ,M . L iu , H . Y . Ma
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Introduction Leymus chinensis ( T rin .) Tzvel . is a perennial , rhizomatous species distributed widely in north China . During thelong‐time adaptation and evolution process , great differentiations in morphology , physiology , biochemistry and molecularbiology generated . A better knowledge of genetic diversity of L . chinensis could be valuable in the efficient utilization ,conservation and management of germplasm collections . The aims of this study were to analyze the genetic diversity of L .
chinensis selected from cultivars of phenotypic variation .
Materials and methods Thirty cultivars of L . chinensis with different phenotype ( Liang et al . , ２００７ ) were cultivated in greenhouse for ３ months and leaves were sampled for ex tracting the genomic DNA by the cetyltrimethylammonium bromide ( CTAB)method ( Puchooa , ２００４ ) , and then RNase was added . The yield of DNA was measured using UV‐VIS spectrophotometer( Shimadzu) . Twenty random primers were used for the amplification . Nei and Kumar摧s genetic diversity were calculatedbetween accessions . Dendrogram from genetic distance was constructed by Nt‐Sys software .
Results and conclusions The results of RAPD products electrophoresis and the dendrogram were presented in Figure １ andFigure ２ respectively . Thirteen RAPD primers generated ９８ bands , of which ８８ were polymorphism , and ７ bands were
generated by every primer in average . The mean genetic distance was ０ .３３５５ . Clustering analysis was performed with NTSYSand ３０ clones were divided into ６ groups with threshold of ０ .６８ . These results indicated that the genetic diversity of L .
chinensis was very high and the cultivars with the same phenotype were not clustered into one group .

Figure 1 Electrophoresis p attern o f temp lates
L1 － L15 w ith S8 .

　 　 　

　 Figure 2 The dendrogram o f L1 ～ L30 constructed by UPGMA
cluster analysis revealed by RA PD .

Acknowledgement This project is supported by the ９７３ program ( ２００７CB１０６８０３ ) , National Key Project for the Eleventh FiveYear Plan (２００６BAC０１A０８ ) , and the Foundation of the Knowledge Innovation Project of Chinese Academy of Sciences ( No .KZCX３‐SW‐NA３‐０５) .
ReferencesLiang , Z .W . , Ma , H .Y . , Wang , Z .C . , et al .(２００７) . Use of alkali tolerant plant for the improvement of high saline‐alkalisoil in Northeast China . Eighth Conference of the East and Southeast Asian Federation of Soil Science , pp２０ ～ ２５ .
Puchooa . D . ( ２００４ ) . A simp le , rap id and e f f icient method f or the ex traction o f genomic DNA f rom lychee ( Litchichinensis Sonn .) A f rican Journal o f Biotechnology , ３(４) , ２５３‐２５５ .
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Spatial distribution , biomass , and soil seed bank of a naturalized population of alfalfa in native
mixed‐grass prairie
L . Xu１ ,A . Boe２ ,R .N . Gates３ , P .S . Johnson３ ,Y . Zhang４
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Introduction The occurrence of naturalized yellow‐flowered alfalfa ( YFA ) ( Medicago sativ a subsp . f alcata) on private andadjacent public rangeland in northwestern South Dakota , USA presents a dilemma . The capacity for natural reseedingdemonstrates value for rehabilitating depleted rangelands by increasing soil organic C and N and forage production ( Smith
１９９７) . However , spread of YFA in native rangeland potentially threatens native biological diversity and may result in changesin ecological processes and stability . Study objectives were : １) to describe spatial distribution patterns of YFA , ２) to determineassociations between YFA occurrence and species richness and biomass production of native plant communities , and ３ ) toexamine density and viability of seed bank of YFA .
Materials and methods The study was conducted on the Grand River National Grasslands ( GRNG ) in northwestern SouthDakota , USA ( ４５°４９′N , １０２°３３′W) . The climate is semiarid with high inter‐annual variation in precipitation and frequentdrought . Mean annual precipitation is ３８６mm and mean annual temperature is ６ ℃ . Vegetation is dominated by mixed‐grassprairie with a variety of native species such as Pascop y rum smithii , Nassella v iridula , Carex f ili f olia , and Bouteloua
gracilis . Soil types range from sandy loam on slopes and uplands to clay loam in swales . Two sites where YFA distribution hasbeen concentrated were selected and sampled . Two permanent transects were established on each site along environmental
gradients . Along each transect , cover by species was recorded in ２m × １m quadrats placed at a ２‐m intervals and distinctive
plant communities were identified . Three biomass quadrats ( １ .４５m × ０ .３m ) were randomly chosen within each plantcommunity . Aboveground vegetation was clipped and sorted into alfalfa and other species . Three soil cores were randomlycollected within each quadrat . Soil moisture and texture were determined . Three soil seed bank samples were extracted using abulb planter ( ５cm dia . × ７ .５cm depth ) . YFA seeds were removed from soil using a series of soil sieves and counted .Germination and viability were determined using AOSA procedures for alfalfa . Canonical Discriminant Analysis , PrincipleComponent Analysis and Analysis of Variance were used as appropriate for each data set .
Results High density of YFA was highly associated with swale areas and fine‐textured soil . As YFA cover increased totalbiomass significantly increased and native species richness decreased ( Table１ ) . This suggests YFA is a strong competitor withnative species on rangelands . Spatial distribution of YFA seed bank was associated with plant communities , which varies withtopography , soil texture , and YFA cover . The highest YFA seed density was more than ３９ ,０００ seeds m‐２

（Figure １) . Greaterthan ９９％ of YFA seeds was viable but less than ４％ germinated under standard laboratory conditions .

　 　 Figure 1 Y FA seed density associated w ith
Y FA cover .

Table 1 Native species richness and total biomass ( g m‐2 ) associated w ith
Y FA cover . Di f f erent letters on the same row show signi f icantly
di f f erence ( P ＜ 0 .05) .

Variables YFAAbsent YFA cover( ＜ ５０％ )
YFA cover
( ≥ ５０％ )

Native speciesrichness ８a ６b ３c
Total biomass １９４a ３１２b ５７１c

Conclusions Naturalized YFA was not uniformly distributed across the landscape . Densest YFA populations were found inswales . Naturalized YFA increased total biomass production on mixed‐grass prairie . However , high density of YFA wasassociated with reduced species richness and production from native species . Swales that were dominated by YFA contained alarge reservoir of viable YFA seeds . Through periodic seed production and high level of hard seed , this population has capacityfor maintenance and for expansion onto favorable landscape positions .
ReferenceSmith , N .G . (１９９７ ) . Yellow‐blossomed alfalfa on rangeland in South Dakota . Rangelands １９ , ２４‐２５ .
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Physiological response to soil drought stress for two ornamental grasses
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Introduction Cortaderia selloana and Eragrostis curvula are gramineous ornamental grasses with prodigious potential andability to spread . With the decrease of water resources , it is important to seek drought‐resistance ornamental grasses . Theobjective of this study was to evaluate the drought‐tolerance of these two ornamental grasses .
Materials and methods The experiment was conducted in three soil water gradients as ７５％ ～ ８０％ ( well water ,ck) ,４０％ ～ ４５％( moderate water stress ,T１ ) ,and ３０％ ～ ３５％ ( severe water stress ,T２ ) of field water holding capacity . Drought stress wasimposed when the grasses were ３‐months old by withholding water .The soil water content of each pot was monitored byweighing the pot which was covered with Rain Out Shelters to eliminate the effects of rainfall . Physiological indexes weremeasured on leaves af ter １４‐day treatment( Zhao Shijie ,１９９８) .
Results With the increasing drought stress , the relative water content and water potential of two ornamental grasses decreased
gradually ( Table １) . The relative water content of Eragrostis curvula declined rapidly with severe water stress . The change ofleaf water potential also showed that the water retention capacity of Eragrostis curvula is lower than for Cortaderia selloana .f Cortaderia selloana , also suffered less plasma membrane damage at all stress levels .
Table 1 E f f ects o f soil drought stress on water potential , relative w ater content and relative permeability o f p lasma
membrane o f ornamental grass leaves .

Species
Leaf relative water
content ( ％ )

Leaf water potential
(‐MPa) Relative electric conductivity ( ％ )

CK T１ 苘T２ CK T１ OT２ 怂CK T１ 侣T２ >
T１
Damaging
degree( ％ )

T２
Damaging
degree
( ％ )

Cortaderia
selloana

９８ O.１
aA

９１ 怂.５
aA

８８ F.７
aA

０ 櫃.７４
aA

１  .７２
aA

１ 憫.８６
aA

１８ 5.５
bA

１９ 北.４
abA

２０ -.９
aA

１ �.０６bB ２ 湝.９３bB

Eragrostis
curv ula

９３ O.６
bA

８６ 怂.６
bB

７４ F.６
bB

１ 櫃.０４
bA

２  .５２
bA

３ 憫.４７
bB

１９ 5.２
bB

２６ 北.１
bB

３５ -.９
aA

８ �.５２aA ２０ 排.６aA

Note : The same letter indicates no significance , the big and small letter indicates significance at ０ .０１ and ０ .０５ level separatelyin the same column .
Conclusion The results indicated that Cortaderia selloana is more drought‐tolerant than Eragrostis curvula .

ReferenceZhao Shijie .The Guide of Plant Physiological Experiment .[ M ] Beijing :China Agricultural Science and Technology Press ,１９９８ ,
１０ .
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Effect of different culture medium on subculture and differentiation of alfalfa anther callus
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Introduction Cultivated alfalfa ( Medicago . sativ a .L ) is one of the high quality legume crop , which is wildly planted in theworld . Alfalfa is cross‐pollination plant , genotype heterozygote and genetics diversity . Method of conventional breeding wouldnot easy to obtain pure line . But pure line can be acquired by the use of anther culture to create double haploid ( DH ) lines inshort time . Combined anther culture with cross‐breeding , heterosis utilization , transgenic technology have formed an effectivebreeding technology and become an important part of breeding . The effects of different medium components , hormonecategories and concentrations was investigated in the experiment , to establish foundation for further optimize culture conditionsand constructing doubled haploid population .
Materials and Methods The callus were induced from the alfalfa anther cultured on a double‐layers medium which contains N６macroelement , the MS microelement , MS microelement , B５ organic compound , ２ ,４‐D ２mg / l ＋ ６‐BA ０ .５mg/ l . The calluswas transferred to the different mediums ( Table １ ) , and grow th of the callus was observed . Culture conditions : pH of mediumwas ５ .８ , the light intensity was ２ ０００ lx , time of illumination was １２‐１４ h/ d , the temperature was２５ ± ２ ℃ .

Table 1 Medium components .
Medium Macroelement Auxin( mg / l) Cytokinin( mg / l)
S２ 貂MS ０ �０  
D３ �SH NAA０ !.０５ BA０ 0.５
D４ �SH ２ ,４‐D０ ,.０５ BA０ 0.５
D５ �SH NAA０ !.０５ KT１ b
D６ �SH NAA０ !.０５ KT０ 4.５
D７ �SH ０ �BA０ 0.５
D８ �SH ０ �０  
D１８  N６ 弿０ �０  

Note : other components of medium in the table are MS micronutrients MS microelement , MS organic compound , lactalbumin hydrolysate ( LH ) １g / L , activatedcarbon ( Ae) １g / L .
Results and discussion
The effect of different macroelement of medium on Alfalfa anther callus Fett‐Neto etc . think that the grow th of the cells dependon NO‐

３ as the nitrogen source and inhibit on high concentration NH ＋
４ . The experiment showed : the effecf of callus culture inthe medium containing MS macroelement or SH macroelement was better than in the medium containing N６ macroelement in

primary culture , but the medium containing N６ macroelement was the best medium to callus subculture and embryogenic callusinduction from the ５th to the ９th subculture .
The Effect of hormone on growing of callus Daipeng Li etc . think that exogenous hormones could transfer developmentinformation of dedifferentiate and redifferentiation in plant callus culture , effect of exogenous hormones related with explant ,the kinds and the levels of endogenous , hormones of callus , function of exogenous hormone must combined with endogenoushormones . Therefore , it should consider hormone concentration of explant and callus to adding plant exogenous hormone . Theexperiment showed : callus grow th was similar in the D４ ( ０ .０５ mg/ l ２ ,４‐D ＋ ０ .５ mg / l BA ) and D６ ( ０ .０５ mg/ l NAA ＋

０畅５mg / l KT ) medium , D４ and D６ were better than D３( NAA ０ .０５ mg / l ＋ BA０ .５ mg / l) .
ReferencesFett‐Neto AG , Dicosmo F , Reynolds WF et al . Cell culture of Taxus as a source of the antineoplastic drug taxol and relatedtaxanes . Bio/ Technol , １９９２ , １０ : １５７２‐１５７５ .LI Daipeng , Kang Xiangyang .The research status and prospect on the effect of hormone of plant tissue culture . Communication

Technique . ２００７ , ５ , ３(１８) .
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Pattern of nitrogen integration and its ecological implications in clonal plant Zoysia japonica
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Introduction Clonal integration between ramets of a clonal plant was regarded beneficial for ramet establishment , sustainingstressed ramets , and for resource uptake over large or heterogeneous areas . However , clonal integration may have potentialcosts , thus , clonal integration may not necessarily exist among physically connected ramets . In natural conditions , Zoysia
j aponica usually forms long‐chained and long‐lived stolons in various habitats of the grasslands through the way of vigorousclonal grow th . We therefore hypothesized that at least one of the underlying mechanisms lie in that the capacity of clonalintegration in Z . j aponica clones must be strong and extensive . Exemplifying nitrogen as an important nutrient element , wecarried out an isotopic experiment trying to test the nitrogen integration pattern in Z . j aponica clones , through which try toexplain some of the clonal behavioral performances of Z . j aponica .
Material and methods The experiment was conducted in the East China Normal University , Shanghai , China . Soil type is claysand loam . Inorganic N is ２０９ .６ mg/ kg . Total soil N is ０ .２３％ . Zoysia j aponica Steud .as an C４ perennial herb extensivelydistributes in China and surrounding countries . The basic morphological unit of Z . j aponica plant is so‐called multiple‐node orcompound internode , a repeatable sequence of two shortly compressed and one elongated internode . So‐called A‐and B‐tillersuccessively grow at the bases of two compressed internodes at opposite sides of the multiple‐node . The experimental cloneswere cultivated in the experimental field . Each clone grew from a standardized individual ramets ( single multiple‐node with twoopposite tillers) , which cut from a single large clone of Z . j aponica propagated in the greenhouse before the experiment . Aspecial treatment was given to the middle ramet of each clone : before each middle ramet anchored their roots , plastic cups filledwith soil were put under the multiple‐node and buried in the field soil , preparing for receiving the ramet roots . At the end ofthe grow th season , two days before harvesting the clones , the plastic cups containing the roots and soil were carefully dig out ,and the inside soil were removed , and the inside roots as well as the plastic cups were carefully washed with distilled water anddeionized water , then the washed roots were put back into the plastic cups preparing for the isotopic experiment using the １５ N‐labelled nutrient solution . The nutrient solution used to feed the middle ramet roots was compounded according to the modifiedingredients of the Hoagland solution , in which KNO３ was changed into １５NH４Cl (δ１５ N １０ .３９％ ) and K１５ NO３ ( δ１５ N １０ .３２％ )respectively . Before being fed into the root system of the middle ramets , the nutrient solution containing １５NO３‐ and １５ NH ＋

４respectively , was diluted , resulting in the final concentration ２ .５mm/L . Two days latter , each clone was carefully harvested ,washed and air‐dried . The isotopic experiment replicated tree times with three Z . j aponica clones similar in architecture . In theexperimental period , the mean soil water content was ２７ .２０％ . Seven samples of ramets , including leaves , roots and stolons ,were taken on each side of the feeding ramets respectively , along the primary , whereas in the case of secondary stolons , lesssamples were taken due to their short length . Samples were oven‐dried and ground into fine powder ( approx . ２０μm) . δ１５ N inthe samples were detected using a mass spectrometer ( DELTAplusXP type) , through which the translocation patterns ofnitrogen in two forms in Z . j aponica clones were analyzed . Three statistical indexes , kurtosis , skewness and gradient werecalculated .
Result １５ NO －

３ and １５NH ＋
４ showed acropetal and basipetal translocation patterns in the primary stolons of Z . j aponicarespectively , and more １５ N was translocated acropetally , and less basipetally . δ１５ N of A‐tillers or A‐branches were usuallyhigher than those of B‐tillers or B‐branches , and those in stolons were at middle levels and relatively stable . δ１５ N of rootsusually showed higher values at the feeding ramets , then degreased quickly . In case of １５ NH ＋

４ , the gradients of the basipetaland acropetal translocation patterns of １５ N in ramets along the primary stolons were greater than the case of １５NO －
３ . Whenfeeding the middle ramets of Z . j aponica stolons with same concentration of １５ NO －

３ and １５ NH ＋
４ respectively , δ１５ N values of thefeeding ramets in the case of １５NH ＋

４ , was also greater than in the case of １５ NO －
３ . In any cases , the gradients of the distributionpatterns of δ１５ N values of A‐tillers along the primary stolons were greater than those of B‐tillers . The range of １５ NO －

３ and
１５ NH ＋

４ translocation in both basipetal and acropetal directions along the Z . j aponica stolons respectively , was ７ to １５ multiple‐nodes . Acropetal translocation of １５N tended to be farther than basipetal , and those of １５ NO －
３ tended to be farther than those of

１５ NH ＋
４ , especially in the acropetal direction . Acropetal translocation patterns of １５N in the secondary stolons were detected after

１５NO －
３ and １５NH ＋

４ being fed from the root systems of the middle ramets of the primary stolons ,respectively . The acropital translocationpatterns of １５NH ＋
４ and １５ NO －

３ in the secondary stolons were basically similar in form to , but different in quantity from that in theprimary stolons , the former was less than latter . In secondary stolons , in the case of １５NH ＋
４ , δ１５ N of different organs were greaterthan those １５NO －

３ , and those in secondary A‐stolon were greater than those in secondary B‐stolon in both cases of １５NO －
３ and １５NH ＋

４ .
δ
１５N of ramets on the secondary A or B‐stolons directly connected with the １５N feeding ramets , were usually greater than those of theramets on the corresponding secondary A or B‐stolons grew from the multiple‐nodes preceding or after the feeding sites , and δ１５ N oframets on the acropetal secondary A or B‐stolons respectively were usually greater than those basipetal .
Conclusions The results at least partially supported the hypothesis that clonal integration in Z .j aponica clones was strong andextensive , which also at least partially explained the natural performance of Z .j aponica clone in terms of such as long‐chainedand long‐lived stolons in various habitats and strong capacity of clonal propagation . The extensive clonal integration pattern in
Z . j aponica clone may have some obvious benefits . However , the relevant costs may also be obvious in terms of such asmaintenance , inhibiting branching , and facilitation of pathogen infection within the clone , which needs to be revealed in detailthrough a series of other experiments .
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Plant regeneration from in vitro stem explants of Dianthus spiculi folius
L IA NG Y an‐p ing１ ,SUN Y an１ 倡 ,YA NG Qing‐chuan２
E‐mail :liangyanp ing５１６ ＠ １２６ .com

Key words : Dianthus sp iculi f olius , Stem , Regeneration .
Introduction Dianthus sp iculi f olius is a charming dianthus that has fine , grassy , blue‐green foliage and much dissectedflowers , all cleanly snipped as if someone has gone mad with the crimping sheers . The calyces below the flowers are colored
pinkish purple . It is low that can be used as a kind of beautiful turf grass .Up to now , there was no report about the tissue culture and plant regeneration of Dianthus sp iculi f olius . Our aim inconducting the present investigation was to attain an efficient system for regeneration in D . sp iculi f olius . It is suitable forscreening gene‐transformed Dianthus sp iculi f olius plants .
Materials and methods Plant material came from Beijing Liangxianglvjing Planting Center of Seedling and Wood . Cultures of
Dianthus sp iculi f olius were established from young stem collected from greenhouse‐grown plants . Murashige and Skoog(１９６２ ) medium supplemented with ３％ ( w / v ) sucrose ,
２ , ４‐D , ６‐BA and NAA in various combination was used for callus initiation . KT in combination with ６‐BA and IAA were usedfor shoot regeneration . Culture media were solidified with ０ .８％ agar and adjusted to pH ５ .８ before autoclaving at １２１ ℃ and
１ .２‐１ .３ kg /cm２ pressure for ２０ min . Forty ml of medium was dispensed into １００ ml Erlenmeyer conical flasks . Ten flaskswere prepared for each treatment and in each flask at least ２ explants were inoculated . Cultures were incubated in a grow thchamber at a temperature of ２６ ± ２ ℃ with light intensity of ２５０ umol . M‐２ s‐１ provided by fluorescent tube lights andincandescent bulbs . A photoperiod of １６ h was maintained with the help of photo thermal controller . Weekly observations wererecorded .
Results The best callus initiation medium was MS ＋ ２ , ４‐D ( １ .０mg/ l) ＋ ６‐BA ( ０ .５mg/ l) ＋ NAA ( ０ .１mg / l) . The calluswas maintained by regular subculture every ３ weeks .No shoot bud induction was observed in the cultures above . That may be the effect of ２ , ４‐D . Callus After the ３rd week ofsubculture ,best response in terms of shoot formation was observed and shoot bud development in the callus became conspicuouson MS medium supplemented with KT ( ４ .０mg / l ) ＋ ６‐BA ( ０ .２ mg/ l ) ＋ IAA ( ０ .０２mg / l ) . The number of shoot budsincreased as the culture period progressed to ７ weeks . After ７ weeks , almost the entire callus was converted into shoots . Callussub cultured on medium containing ６‐BA and IAA without KT did not show any organogenesis .After ８ weeks , plantlets were potted in a soil‐vermiculite mixture , covered with film for acclimatization , and subsequentlytransferred to the greenhouse .
ReferencesChoudhary , M . L . Mubarack , M . M . (１９９１) A nnals o f A gricultural Science . ３６ : ２ , ５７９‐５８２ .Jethwani V , Kothari SL (１９９３) Plant T issue Cult ３ :９１‐９６Mii M , Buiatti M , Gimelli F ( １９９０ ) Carnation . In :Ammirirato PV , Evans DR , Sharp WR , Bajaj YPS ( eds) Handbook ofplant cell culture ,ornamental species , vol . ５ , Macmillan , New York , pp２８４‐３１８Miller RM , Kaul V , Hutchinson JF , Richards D ( １９９１) A nn Bot ６７ :３５‐４２Van Altvorst AC , Koehorst JJ , Bruinsma T , Jansen J , Custers JBM , Jong J , Dons JJM (１９９２) Science Hort ５１ :２２３‐２３５
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Characteristic of gas exchange and chlorophyll fluorescence parameters in leaves of Lespedeza
davurica
L IN Dong１ ,２ ,MA Hui‐ling１ ,LV Shi‐hai２ ,FENG Chao‐yang２

１ .College o f Prataculture , Gansu A gricultural University , L anzou ７３００７０ ,China , E‐mail :lingrass＠ １６３ .com , ２ .Institute
o f Ecology , Chinese Research A cademy o f Env ironmental Sciences , Bei j ing １０００１２ ,China

Key words : gas exchange parameters , chlorophyll fluorescence , simulated photosynthetic , CO２ concentrations , Lespedez a
davurica

Introduction This paper tests and analyzes the net photosynthetic rate ( Pn) , transpiration rate ( T r) , stomatal conductance( Gs) , intracellular CO２ concentration ( Ci) , minimal fluorescence yield ( Fo ) , maximum fluorescence yield ( Fm ) , variablefluorescence yield ( Fv ) and electron transport rates ( ETR ) to reveal the physiological and ecological characteristics of
Lespedez a davurica .

Materials and methods Lespedez a davurica belongs to Lespedez a Michx of Leguminosae . It was measured with LI‐６４００
portable photosynthesis system and comparative analysis was made . Light intensity was controlled by ２BLED of LI‐６４００ . In asimilar way , CO２ concentration was controlled by CO２ scrubber and the temperature of leaves was regulated by controller of LI‐
６４００ . The leaf area of Lespedez e davurica was measured by an area meter ( LI‐３０００A ) . All of the digital information wasanalyzed by SPSS １３ .０ and Microsoft Excel for Windows .
Results We can know from figure １ that Lespedez a davurica shows evident photosynthetic potentiality for the increase of CO２concentration . The figure ２ showed the relaxation rate of Lespedez a davurica . When the leaves of Lespedez a davuricachanged from dark to light , the qP and NPQ elevated gradually with the increase of illumination time . About ２４min later , the
qP and NPQ tended to be stable and quenching . The trend of PhiPS２ change was influenced by ETR .

Figure 1 Responses o f photosynthetic rate (Pn ) and transpitation rate
(Tr ) to increasing CO2 concentrations .

　

Figure 2 Chlorophy ll f luorescence parameters o f
leaves o f Lespedeza davurica in relaxation .

Conclusions This experiment showed that water stress is one reason for inhibition in photosynthetic ability after the lightintensity over １６００μmolm‐２ s‐１ . So strong light should couple sufficient water condition and can promote the efficiency of lightenergy . The significantly positive correlation exists between T r and Gs of Lespedez a davurica ( P ＜ ０ .０１ ) . But there wassignificantly negative correlation between Pn and RH . High humidity air may be one reason for inhibition in photosyntheticability for experiment spot in closure area of Taihang Mountain . The qP and NPQ of Lespedez a davurica gradually increaseswith illumination time , showing the higher ability of heat dissipation and efficiently avoided the damage of photosyntheticapparatus from excess light energy . The NPQ was lower after ２７min because of the increase of photochemical quenching . Butit may be caused by the interior control of photosystem enzymes , which is a problem of great complexity . The exact mechanismremains to be studied further .
ReferencesJIANG G M , LIN GH , Bruno DV Marino . Changes in stomata conductance , transpiration and water use efficiency of tenspecies experienced in high CO２ concentrations in biosphere ２ . A cta Botanicl Sinica . １９９７ , ３９(６ ) : ５４６‐５５３ .Rohacek K . Chlorophyll fluorescence parameters : the definitions , photosynthetic meaning and mutual relationships .
Photosynthetica , ２００２ , ４０(１) :１３‐２９ .
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Phylogenetic relationship of Leymus chinensis revealed by the ITS and chloroplast trnL‐F
sequences
G .S . L iu and Z .P . L iu
Institute o f Botany , Chinese A cademy o f Sciences , Bei j ing １０００９３ ,China , E‐mail : liugs＠ ibcas .ac .cn

Key word : Leymus chinensis , Psathy rostachys , Xm genome , ITS , chloroplast trnL‐F
Introduction Based on morphological observation , meiotic chromosome pairing of intergeneric hybrids , DNA hybridization
patterns , and variation in repeated nucleotide sequences , previous studies have concluded that one genome in Leymus speciesoriginated from the genus Psathy rostachys (Wang et al , ２００６) . Despite decades of intensive research , the precise phylogeneticrelationship of L . chinensis is still unclear . The nuclear and chloroplast /mitochondrial sequences was used in many molecular
phylogenetic studies for elucidating the origins and evolutionary history of polyploidy in plants , clarified their parental lineages .Particularly , internal transcribed spacers ( ITS ) and the intergenic spacer of trnL‐trnF have been used widely in studying
phylogenetic and genomic relationships of the diploid Poaceae genera . With additional abundant available sequences in publicdatabases , ITS and trnL‐trnF are the optimal choices in this study .
Materials and methods Two accessions of L . chinensis and Psathy rostachys j uncea were included in this study . They wereanalyzed together with １８ related genera , consisting of ４０ diploid species in the tribe T riticeae . Bromus catharticus was used asthe outgroup based on previous phylogenetic studies . The aligned data set of the ITS and the trnL‐F were analyzed using PAUPversion ４ .０ . Heuristic search was implemented with １００ random additional sequence replicates , tree‐bisection‐reconnection
( TBR) branch swapping , MULPARS option , and ACCTRAN optimization . To evaluate relative robustness of the clades foundin the most parsimonious trees , bootstrap analysis was conducted using ５００ replicates with a simple taxon addition .

Figure 1 One o f the 500 most parsimonious (M P) trees
generated f rom the trnL‐F sequences ( T ree length ＝

147 , CI ＝ 0 .7687 , R I ＝ 0 .8707 ) . The topologies
obtained by Bayesian analysis are identical excep t f or
some nodes hav ing di f f erent bootstrap v alues .

Results It was showed that : ( １ ) The ITS sequences revealedpolyploidy Leymus have close phylogenic relationships with
Psathy rostachys and an unknown genus in T riticeae . The ITStree suggested considerable differentiation among Leymus speciesand recurrent hybridization of Leymus . ( ２ ) The trnL‐F treerevealed especially close relationships of partial Leymus speciesand Psathy rostachys , residual Leymus species and an unknown
genus ( Figure １ ) . The trnL‐F tree showed that the mother of
Leymus chinensis was Psathy rostachys , and the father was theXm genome .
Conclusions The results indicated that it was unlikely that theunknown genome in Leymus species originated from a modifiedversion of the Ns genome or any sampled diploid species in
present study ; The maternal of L . chinensis was Ns genome andthe paternal genome was Xm .
ReferenceWang RRC , Zhang JY , Lee BS , Jensen KB , Kishii M ,Tsujimoto H (２００６) . Variations in abundance of ２ repetitivesequences in Leymus and Psathy rostachys species . Genome ,

４９ , ５１１‐５１９ .
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Trigonella arcuata responds to Seriphidium transillense desert degraded grassland
H .L . L iu１ ,２ ,K . W ang１ ＊ , J .Z . Zhu２ , J . W ang１
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Introduction Xinjiang has ５ ７３０ １０

４ hm２ natural grassland including １０８３ .４ １０
４ hm２ spring‐autumn pasture and S . transillenseis the main spring‐autumn pasture which belongs to middle Asiatic climate desert that concentrates in northern Xinjiang plainsand low mountains . The grassland has commonly degraded and some places have become over‐degradation because ofunreasonable use through many years . With the increase of degraded degree , T . arcuata replaces S . transillense and becomingthe dominant species . Fundamental researches have been done but lots of detailed researches are required including somespecies摧 strategies and mechanism for adapting natural environment of the degradation .

Materials and methods The study area locates in the middle of the northern slope of the Tianshan Mountains , N４３°４９′ ～ ４３°５６′ ,E８７°０２′ ～ ８７°０５′ , which is an open flat alluvial plain and its altitude is ７５４ ～ ９４２m . The area has middle Asian desert climatecharacters , annual rainfall of １８０ ～ １９０ mm , evaporation of １ ７６０mm and drying of ４ ～ １０ , w ith an average annual temperature
６ .５ ℃ , the frost‐f ree period １６０ ～ １９０ days . The soil is gray desert soil and the soil parent material is the loess‐like material .
S . transillense desert is the zonal vegetation in the region , with short‐live plants in the spring and annuals forming dominantsynusia . In the time sequence , the plant community composition , structure as well as some life‐economic traits of middle asiaticclimate desert is more complex than that of central asiatic climate desert . In April ２００６ , １５ samples ( １ １m２ ) are selected ineach degraded degree area and the height , coverage and density of every species are recorded and the biomass is measured .
Results The response of T . arcuata to different degradation of S . transillense desert is shown in the table below .
T . arcuata becomes the dominant species with the worsening of degradation and it is considered the indicator species , itscoverage , biomass and density obviously increase while its height becomes lower .
degraded stage coverage( ％ )

biomass
( g /m２ )

relative density
( individual/m２ )

height( cm) important valueIV ＝ ( RC ＋ RY) /２ 栽
non‐degradation ０ M.４０ ０ 行.９４ ６ １ Q.７７ ０ +.０１
media‐degradation ０ M.９３ ０ 行.９１ ９ ０ Q.８４ ０ +.０４
heavy‐degradation １ M.５５ ２ 行.２１ １６ ０ Q.４９ ０ +.０７
over‐degradation ５ M.１２ ７ 行.８６ ６０ ０ Q.５０ ０ +.２４
Note : RC means relative coverage and RY means relative yield .
Conclusions T . arcuata prevents livestock摧s eating through lowering its height and inhibits the grassland from completelyoverwhelming degradation through expanding its population . Through observation we find that it avoids the arid environment ofthe over‐degradation by shortening its life cycle .
ReferencesP . Xu , Xinjiang grassland resource and utilization . X inj iang Health Technology Publisher . １９９３J . Z . , Zhu , et al , Analysis of economic character evolvement of the desert grassland of Seriphidium transillense in differentdegenerate stages . Prataculural Science , ２００５(１２ ) ,１０ :１‐６
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A brief introduction on water conservation and drought resistance technique on desert grassland
slope
L IU Tie‐j un1 ,L I Jing2 , H E Jing‐li 1 ,RONG H ao1 ,CUI Wei1
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mkslt j＠ 126 .com ; 2 . Inner Mongolia Medical College , H uhhot 010055 , China
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Introduction As one of the greatest environmental threats , drought is paid increasingly close attention( zhang H L ,１９９７) . Whenit is affected by drought , vegetation on desert grassland�s surface will be degenerated much more seriously , once itdegenerated , it is difficult to recover . Further more , slope vegetation in desert grassland belongs to a sort of soil water limitedecological system and is a sensitive area in vegetation degeneration . Therefore , desert grassland slope water conservationtechnique is urgently demanded .
Research method and content Firstly , an experiment area is enclosed on desert grassland slope . Based on slope rainfall‐runoff
( SRRO ) experiment , research on SRRO characteristics on desert grassland is conducted . Based on theory of SRROhydrodynamics , research on SRRO law is carried out . Runoff energy consuming process is analyzed . The slope soil infiltrationand evaporation law is studied . The experiment of how soil structural characteristics have an effect on soil infiltration andevaporation is made . Model Green‐Ampt is settled to simulate soil infiltration process . Slope water conservation methodexperiment is made according to the results mentioned above . The methods include increase on soil surface rough degree ;application of water conservation polymer on loosened slope surface .Secondly , on the premise of slope water conservation , drought resistance and water economization are studied . Plant populationand community characteristics are analyzed . Research on each sort of plant摧s transpiration rate and osmosis adjustment duringonset of drought stress is conducted . Synthesize the above results ,drought resistance method experiment is carried out .Drought resistance methods mainly include inhibiting grow th of fast‐transpiration plant ; application of vegetation droughtresistance spray etc , which are to reduce the transpiration rate of vegetation community . In the end , a comprehensive system ofdesert grassland slope is built up .
Result The study on water conservation (WR) and drought resistance ( DR) under desert grassland slope conditions is carriedout , and WR and DR comprehensive technique measures are put forward . As to slope WR , by method of soil loosening ;application of Handilong ( water conservation polymer ) ;surface cover in winter , soil infiltration rate is increased . SRRO isincreased for ６％ under similar conditions . As to slope DR , owing to the application of vegetation drought resistance spray anduprooting of vegetation with high transpiration rate , plant community摧s transpiration rate is effectively reduced . Thus , theobjective of vegetation drought resistance is obtained .
ReferenceZhang Hailun , China flood and drought disaster M . Beijing : China water irrigation and water electricity Press , １９９７ .３５９ .
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Forage‐livestock industry is a fundamental issue for ecologic and economic win‐win in the Loess
plateau , China
L iu X iuqin , Zhang Zihe
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Introduction The Loess plateau , China is a one of the poorest areas by the most severe soil erosion and has the most fragileecological environment in China . Revegetation , reforming of agricultural system and the development of forage‐livestockindustry are essential measures for ecologic sustainability .
Material and methods Severe soil erosion , destroyed vegetation , infertile soil and low income could be controlled by developingforage‐livestock industry , and reformulating agricultural system , which are the most fundamental measures . In the Loess
plateau , forestry vegetation disappeared , soil fertility degradation and low income of farmers were mainly caused due to internalwar for a long time , cultivating from forestry and pasture , grain planting system dominant . Thus , transforming traditional
�grain dominant farming agriculture" , converting grain land into woodland or pasture , restoration of vegetation , to reformagricultural system should be the most fundamental measures in controlling soil erosion .Acceleration forage‐livestock industry can achieve ecology and economic win‐win . The adequate agriculture industrial layouts inthe Loess plateau should be �the favorable farming , protective forestry , commercial forage‐livestock industry" . So grain cropplanting area should be reduced , reasonable area for forestry is suggested , forage planting area should be enhanced , and all ofthose provide an alternative choice for ecologic and economic win‐win .Integration Green for Grain to forage‐livestock industry : Green for Grain and forage‐livestock industry , poverty reduction ,development forage‐livestock industry and improvement farmers摧 income will be continuously implemented for ecologicconstruction .Alfalfa will be one of important forage to establish forage and feed supply system , producing high quality and high yield forageto meet livestock demand . Sowing pasture establishment , expanding legume pasture area , forage‐crop rotation will make up thegap of protein feed stuff shortage . Afterwards , Techniques for alfalfa harvesting time , transportation , processing machinery ,silage making in high rainfall area are major issue .Beef Cattle and sheep are primarily dominant livestock to accelerate for development herbivore and domestic animal ofproduction system industrialization . Establishing forage‐meat lamb and beef cattle production system based on local , domesticand international market‐oriented and forming industrial development .Setting up eco‐economic system for harmonious development between human and nature in the Loess plateau area by forage andlivestock interaction and regional resources coupling : Fully utilizing the neighboring region摧s resources in livestock , feed stuffand market , a giant , harmonious forage‐livestock industry base will be establishing in the Loess plateau through regionaladvantage compensation and system coupling .
ReferenceQin Dahe , ２００２ .The Evaluation of Western Region Environmental Evolvement in China . Beijing , China . ９４‐１１３ .
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Research on community dominance and functional groups after Sandy Land enclosed
L iu Y an１ ,Qi Feng‐L in２ ,Zhao Bo１ ,L iu Y ing １ ,W ang X iao‐Hong １
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Introduction Functional groups are usally considered species which have a direct connection with system摧s function ,and thespecies among functional groups have same effect on system which have a well comparability Therefore , it is a worthy ofaffirmitive thing that we use functional groups as species diversity index to reseach the relation between species diversity andecosystem function . ( Li Qiu‐Nian ,２００４ ) The compartmentalization of functional groups can asertain every species actingcharacter and magnitude in functional groups , which administer to making certain every species摧opposite contribution toecosystem . ( Wang Zheng‐Wen ,Long Rui Jun ,２００４ ) [ ２ ] We reseach community functional groups after sandy land enclosed ,there is a important significans to making sure ecosystem natural succession and ecological restoration processes .
Natural situation The test spot ( Na‐Mu‐Si‐Lai Nature Reserve) lies on northeast Zhang Wu county Liao Ning province ,and itsituated on south of Horqin sandy land .The test spot was enclosed in １９９７ .This region is temperate zone monsoon continentalclimate ,and the four seasons change distinct ,it belongs to half drought region . The mean annual temperature is ７ .１ ℃ , meanannual precipitation is ５１０ .２mm and soil type is aeolian sandy soil .
Materials and metheods All kinds of plant populations摧 density , coverage , height , frequency and aboveground biomass weremensurated by random quadrat in July , ２００６ . The quadrat area was one square meter . All items were mensurated ten times .Every kind of population摧s dominance was mensurated by calculate and compartmentalizd functional groups of life form .
Results The diominance calculational result indicated that the SDR of Cleistogenes squarrosa was the maximum among all kindsof populations( Table １ ) . The perennia grasses ,such as Lespedez a bicolor Turcz . , Koeleria cristata( L .) Pers . and A gropy ron
mongolicum Keng also occupied important status . The SDR of annual Salsola collina put into second status . This shown thatperennial bunch grasses became the dominating population in community by nine years enclosure , the result also suggested thatthe ecologic quality of grassland has been improved a lot .The functional groups result suggested that perennial bunch grassestook on the most aboveground biomass ( ９７ .９５ g /m２ ) ( Table ２ ) among all functional groups , and this functional group waspreponderant group . Undershurbs and subshrubs were one of the main functional groups on ecological restoration andwindbreak and sand‐fixation , the proportion reached １４ .７１ percent . There were quite a bit species and quantity of annuals andbiennials in community . Moreover , the perennial rhizome grasses had the minimal contribution .
Table 1 Community dominance .
Species SDR Species SDR
Cleis togenes squar rosa ２１ �.８５ Delp hinium grandi f lo rum ５ 镲.５８
Salsola collina １４ �.４９ A rtemisiasiev rs iana Willd ４ 镲.８２
L es p edez a bicolor Turcz . １４ �.４６ Meliss itus ruthenica ５ 镲.００
K oele r ia c r is tata( L .) Pers . １２ �.６９ Dianthus chinensis ５ 镲.１０
A grop y ron mongolicum Keng １０ �.１０ Chenopodium aris tatum ４ 镲.４７
A grop y ron cris tatum ９ 觋.６０ Thalictrum squar rosum S teph . ０ 镲.２０
A llium senescens L . ９ 觋.３０ H emistep ta １ y rata Bunge ０ 镲.１０
Ch .acuminatum Willd ９ 觋.１１ K oele r ia c r is tata ０ 镲.１０
A rtemisia cap illar ies T hunb . ８ 觋.６８ L eymus chinensis ０ 镲.１０
H erba Potentillae Chinensis ７ 觋.５４ B .chinensis ０ 镲.１０
P .tenui f olia Willd . ６ 觋.２７

Table 2 Functional group compositions o f the li f e
f orms .

Community functional g roups
Aboveground
biomas
( g / m２ )

undershurbs and subshrubs ２６ X.７９
perennial bunch grasses ９７ X.９５
perennial rhizome grasses ８ 2.８６
perennial forbs １４ X.００
annuals and biennials ３４ X.４６

Result Perennial grasses took out a dominant status ,but there were large numbers of forbs after nine years enclosure . Sandyland enclosure can redound to ecological restoration . Perennial bunch grasses became the leading functional group .
ReferenceLi Qiu Nian ,２００４ . Preliminary analysis on characteristics of degraded grassland community and species diversity in alpinemeadow ecosystem . [ J] Qing H ai Env ironment ,１４(１) :３０‐３３ .
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Studies on root turion propagation technology of wild hazelnut in Daxing摧anling , China
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Key words :wild hazelnut , root turion propagation , length of root turion , substrate type
Introduction Hazelnut distributed mainly in North and Northeast China . Hazelnut has an abundance of nutrition , and it is oneof the famous dry fruit . Leaf can be fed to animals . Hazelnut has ecological function and city landscape function . The
propagation of Hazelnut mainly depended on seeds , but propagation coefficient was low . Asexual Propagation Technique ofHazelnut are tissue culture and cutting reproduction , and propagation coefficient was also low . The objective of this paper wasto improve propagation coefficient , using root turion propagation methods .
Materials and methods The root turion ( ０ .５ ～ ２cm) was selected , and cut into segments . Using Carbendazim ( １ /１０００ , ５０％ )soaked , and immersion time was ２mins . Each ２０ segments were repeated ４ times . The specific methods are as followed ( Table
１) .
Table 1 Di f f erent treat methods o f w ild hazelnut .

T reat No . substrate type
Thickness of upper : ５cm Thickness of sublayer : １０cm length of root turion( cm)

１ 後fine river sand vegetable soil ３‐４ 刎
２ 後vegetable soil vegetable soil ３‐４ 刎
３ 後fine river sand fine river sand ３‐４ 刎
４ 後fine river sand fine river sand １ 北
５ 後fine river sand fine river sand ２ 北
６ 後fine river sand fine river sand ３ 北
７ 後fine river sand fine river sand ４ 北
８ 後fine river sand fine river sand ５ 北

Table 2 The ex periment result o f w ild hazelnut .
T reat No . Total No . １ 谮２ ]３ 哌４ bRate of seedling ( ％ ) 倡

１ 照２０
倡
４ Ζ１０ 耨１０ t９ 哌８ b４６  .２５b

２ 照２０
倡
４ Ζ２ 谮１ ]３ 哌３ b１１  .２５c

３ 照２０
倡
４ Ζ１７ 耨１９ t１６ 鲻１７ y８６  .２５a

４ 照２０
倡
４ Ζ７ 谮８ ]７ 哌８ b３７  .５c

５ 照２０
倡
４ Ζ１４ 耨１３ t１５ 鲻１４ y７０  .０b

６ 照２０
倡
４ Ζ１７ 耨１８ t１６ 鲻１７ y８５  .０a

７ 照２０
倡
４ Ζ１８ 耨１６ t１７ 鲻１８ y８７  .５a

８ 照２０
倡
４ Ζ１８ 耨１６ t１７ 鲻１８ y８６  .２５a

倡 Effects of periods on all variables were significant ( p ＜ ０ .０５)
Results The test lasted about ２０ days , and began to do measurement and The main results are showed in Table ２ . The Table ２has shown that the rate of seedling was great impacted because of different seedbed . The rate of seedling was the highest(８６畅２５％ ) on fine river sand , and there was significant difference from other treats . The rate of seedling was higher andreached ８５％ , when the length root turion was above ３cm .
Conclusion The best root turion length was ４cm and the best seedbed was fine river sand , which could improve the rate ofseedling reached ８５％ ‐８７ .５％ .
ReferenceLiang Weijian , Dong Defen . Hazelnut on cultivation and breeding . Bei Jing : China Forestry Press .２００２ .
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Study on AMF in rhizosphere of Vetiver grass in field nursery
L ix ia Gao1 , Xuhui Kong2 ,Y u Chen3 , Chonglu Zhong3

1 Zhongkai A grotechnical College , Guangz hou , 510225 ,China , E‐mail :sdmz x123＠ 163 .com
2 Floricultural Research Institute o f Guangdong A cademy o f A gricultural Sciences , Guangz hou 510640 , China
3 Research Institute o f T rop ical Forestry , Chinese A cademy o f Forestry , Guangz hou , 510520 , China .

Key words :Arbuscular mycorrhizal fungus( AMF) , Vetiver grass , offset plant , tissue culture seedlings
Introduction Vetiver grass was widely used and even named as the pioneer plant to control soil erosion , stabilize the slope andrehabilitate the ecology in South China , because of its high root tensile resistance and deep penetration . In the application of thevetiver grass , we recently find that it could not only tolerate water submersion and wet condition but also endure a certaindegree of drought ; meanwhile it could absorb heavy metal so as to reduce the heavy pollution in soil to some extent . In order toexplore the internal mechanism of these good characters of the vetiver grass and find out more plants with the ability to resiststress , we made the sample examination on arbuscular mycorrhizal fungus ( AMF) in rhizosphere of vetiver grass to make afurther study of its biological function in the restoration from the soil degradation and the dependent relationship with plants .
Materials and methods Collect the vetiver grass in the breeding base of the vetiver grass and in the pond slope in Baiyun District ,Guangzhou . Take the fibres with root tip from the soil ５‐３０cm from the ground and pot for the tissue culture seedlings . Thenwash , dry and cut them into １cm long . Finally put them into the stationary liquid of FAA and get ready for use . In order toobserve the AMF more clearly through the microscope , dye the fibres preserved in the stationary liquid in the normal method ofHayman１９７０ . Use the method of accounting the infected fibres to observe them af ter treatments through the microscope . Tochoose ３０ fibres from the samplings , １cm long for each one , put them into the container glass tidily and cover them by thecover glass . Observe the infection of AMF one by one under the condition of １００‐４００ times of the microscope . Count theinfectious and calculate the infection rate .
Results By sample examination on arbuscular mycorrhizal fungus ( AMF) in rhizosphere of vetiver grass , at different time anddifferent growing medium treatments in field nursery , the results showed that AMF infection rate in rhizosphere of vetiver
grass have no clear relationship with seedling source , but clearly relationship with growing medium . The infection of tissueculture seedlings , at ２５ days after planting with the nature forest peat , was up to ９３ .３３％ , infection strength as class Ⅱ . Withsterilized forest peat as growing medium , infection rate of the same seedlings was only ２０％ at １ months after planting ,infection strength as class Ⅰ , and at ２０ months after planting , the infection was ５３ .３３％ , infecting strength as class Ⅱ .Infection rates of the offset plants from vetiver grass , at ３ months after planting in natural soil , was ５６ .６７％ , infectingstrength as class Ⅰ , at ２２ months after planting , infection rate attained most high peak ,８０‐８３％ , infecting strength as class Ⅱ ,and at ３３ months after planting , infection rate was no longer increased , but infection strength increased to be class Ⅲ .
Conclusions Vetiver garss can be infected by the AMF in the natural condition ; The AMF infection rate in rhizosphere of vetiver
grass has no clear relationship with seedling source , but clearly relationship with growing medium . ; In the early days of theplanting , the infection rate of the AMF in rhizosphere of vetiver grass growed as the time goes by . However af ter ２ years , therate climbed to the highest point and stayed still ,but the infection strength was rising .
ReferenceHarley JL ,Smith S A ,(１９８３) .Mycorrhizas symbiosis .Academic Press ,London .
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Character of canopy apparent photosynthesis and transpiration in Seriphidium semidesert under
different degradation gradient
W‐H Lu , J‐ZH Zhu , G‐L Jin , D‐J W ang , H‐L L iu
College o f Pratacultural Engineering , X inj iang A gricultural University , Urumqi ８３００５２ ,China
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Introduction Seriphidium is generally the dominant native plant in semidesert and is ex tensively distributed in arid regions ,especially on the northern slopes of the Tianshan Mountains . It plays an important role in stockbreeding and ecosystems .Photosynthesis and transpiration , which are two of the primary metabolic processes determining plants grow th . But researchreports about this semi‐desert vegetation CAP and TR are relatively few . The objectives of this study were to determine : １ )what changes under different vegetation CAP and TR in different gradient of degradation in a day ? ２ ) What relationshipsbetween CAP .TR and environmental factors ?
Material and methods The study area is the spring autumn pastures of Sangong village , located on the northern side of theTianshan Mountains , in Xinjiang , China . The dominant vegetation on the study sites is Seriphidium . , the companion speciesare , Petrosimonia and Ceratocarpus , but many degraded areas are inhabited by Petrosimonia . We divided grassland into threetypes according to degree of degradation , moderate , serious and exceeding ( MD , SD , and ED ) and built fence in all types( inside of fence : IF , outside of fence : OF) , with each plot measuring ４０ × ４０m２ . Photosynthesis was measured using BeijingSiaidi company摧s CB‐１１０１ photosynthetic detector within an assimilation box measuring ６０ × ６０ × ６０ cm３ f rom an aluminumalloy frame and cover of film that allowed light transmittance greater than ８５％ , w ithin the assimilation box two １２V fans wereinstalled for blending air . Measurements were made from １０ :００am to １８ :００pm , at one hour intervals , three replications wereset according fence × degree of degradation . Photosynthetic and transpiration rate were calculated using the apparatus softwarepackage . We inspected the relationships between all the variables by means of correlation analysis . All statistical analyses wereperformed using the statistical software package SPSS １２ .０ .
Results On moderate degraded grassland , with Seriphidium as the main vegetation , CAP from １０ :００ to １４ :００ increasedslow ly . The CAP was ８ μmolm‐２ s‐１ ～ ９ μmolm‐２ s‐１ , and declined rapidly to the minimum from １５ :００ ～ １６ :００ , suggesting anobvious �siesta phenomenon" , then rose slow ly from １６ :００ to １８ :００ . From １０ :００ to １４ :００ , CAP ( IF ＞ OF) , but then bothhave similar trend in CAP after １４ :００ . When Petrosimonia was the main vegetation of severe and exceeding degradation ofgrassland , both inside and outside of fence CAP changed similarly with an obvious single peak curve with a maximum at １４ :００ .Inside of fence the highest average CAP was with severe degradation ,１４ .８１９４ molm‐２ s‐１ , and the lowest CAP occurred withexceeding degradation outside of fence , only １畅９６３９ molm‐２ s‐１ . This result occurred mainly because with the conditions ofexceeding degradation , vegetation is damaged and bare soil increases( Figure １ ) . TR value of all vegetation types are a singlepeak curve , related closely to temperature changes . In all vegetation types TR increased significantly at １２ :００ , both its peakappeared in the afternoon at １５ :００ . This result occurred mainly because the transpiration is closely related to change oftemperature , which on average TR is the highest on SDIF , followed by EDIF , and the TR changes are smallest on EDOF asthe vegetation is very sparse( Figure ２) .
PAR and temperature changes are typical single‐peak curves , the changes of temperature lags behind PAR , the peak of PARappears at noon １４ :００ , but the temperature in the afternoon at １５ :００ . Inside and outside of the fence ( Moderate Degradation)CAP decreased and TR increased with increasing PAR . CAP increased significantly with the rise in temperature in serious andexceeding degradated grassland , changes were consistent with temperature and PAR changes , correlation coefficients are
０畅９５

倡 倡
（P ＜ ０ .０１) and ０ .９６ 倡 倡

（P ＜ ０ .０１ ) and ０ .８２ 倡 倡
（P ＜ ０ .０１ ) , ０ .３４ ( P ＞ ０ .０５ ) , respectively , except with extremedegradation . Due to sparse vegetation CAP did not change significantly with increasing temperature and PAR . Changes oftranspiration are closely related to temperature , in the other five cases , the transpiration rate and temperature showed asignificant correlation except for extreme degradation , correlation is not significant ; correlation coefficients were ０ .８０ 倡 倡

（P ＜
０ .０１) , ０ .６８ 倡

（P ＜ ０ .０５) , ０ .８７ 倡 倡
（P ＜ ０ .０１) , ０ .６２ 倡

（P ＜ ０ .０５) , and ０ .９４ 倡 倡
（P ＜ ０ .０１) , respectively .

Figure 1 V ariation o f CA P . Figure 2 V ariation o f T ransp iration .
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Study on foliar photosynthetic physiology characteristics of Setaria sphacelata
Luo Fu‐cheng , W u Jian‐f u , Sun Zhen‐z hong
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Introduction The origins of Setaria sphacelata ( Setaria anceps Stap f ex Massey) was tropic Africa ( L . Jank et al . , ２００２) . Itwas introduced in Lin Chang area of Yunnan province in １９９１ and was widely planted as forage in this province . This paperdescribes the relationship of foliar photosynthetic physiology parameters of Setaria sphacelata and environment factors .Reasonable and scientific basis were provided for agriculture production in Yunnan areas of China .
Materials and methods A field experiment was conducted in experiment field of Pasture Science department in Yunnanagricultural university . This area located ２l°９′ ～ ２９°l５′ northern latitude and ９７°３９′ ～ １０６°l２′ eastern longitude . Yearly rainfallwas between １０００mm and １５００mm and yearly radiation averages １７ .７ MJ/m２ . The soil of the field was red soil which pH valuewas ５ . Setaria sphacelata has been planted in the experiment field ３ years and was cut to ５ cm on ８ March ２００７ . On １８ may
２００７( sunny ) , the air temperature ( Tar ) , air relative humidity ( RH ) , air CO２ concentration ( ACi ) , photosynthesis activeradiation( Par) , photosynthesis rate( Pr) , stomatal conductance( Gs) , the intercellular CO２ concentration( Ci) , transpiration rate( T r) , the wave length ( λ ) and the index of reflection ( R ) were recorded by Ci‐３１０ portable photosynthetic determinationsystem . From the top , the ２nd , ３rd and ６

th leaves of healthy and growing well plant was selected for the experiment with ３replications .
Results The time interval variation of photosynthesis rate was expressed as two‐humped curve and reached the top point ataround １１ :３０ and １３ :５６ ,while the time interval change of transpiration rate was a two‐humped curve and reached the top pointat around １３ :５６ and １３ :５９ during １１ :００ and １４ :００ point period( Table １ and Figure １) .
Table 1 V ariations o f env ironment f actors and photosynthetic characteristics during １１ :３０ and １３ :５９ .

Time Tar( ℃ ) RH( ％ )
ACi ( μmol爛 m‐２ 爛 s‐１ )

Par ( μmol 爛m‐２ 爛 s‐１ )
Pr( μmol 爛m‐２ 爛 s‐１ )

Gs( μmol 爛m‐２ 爛 s‐１ )
Ci( μmol 爛m‐２ 爛 s‐１ )

T r( μmol 爛m‐２ 爛 s‐１ )
１１ :３０ 煙２７ s.７８ ２４ 乙.０３ １８５ 梃.６３ １１１９ 煙.３６ ７ �.４２ １６ 北.６４ ２１３ �.４ ０ 煙.７２
１３ :２１ 煙３２ s.０９ ２３ 乙.４２ １９４ 梃.４３ １１３４ 煙.８７ １０  .１８ ２４ 北.０４ ２０２ �.８ １ 煙.３４
１３ :５６ 煙３３ s.００ ２３ 乙.８３ １８４ 梃.２３ １２６０ 煙.４０ １１  .６３ ３２ 北.８７ １９６ h.１７ １ 煙.７７
１３ :５７ 煙３３ s.６０ ２２ 乙.５８ １９２ 梃.９３ ９２５ 垐.９３ ７ �.９７ １５ 北.４７ ２０１ h.６３ ０ 煙.９７
１３ :５９ 煙３３ s.９７ ２３ 乙.２３ ２０７ 梃.４０ １２３３ 煙.７７ １３ (.７ ３１ 热.２ ２００ �１ 抖.９

　 　 　 Figure 1 Variations o f photosynthetic active radiation and air
CO2 concentration .

Conclusions the leaves of Setaria sphacelata significantlyaffected by environment , the photosynthesis physiologycharacteristics of Setaria sphacelata leaves changedregularly . Stomatal conductance lead the decisivefunction the environment factor is the atmospherichumidity , but they have the remarkable relevance . The
photosynthetic rate摧s decline is caused mainly by the non‐blowhole factor at noon .
ReferenceL . Jank , K . H . Quesenberry , A . R . S . Blount , P .Mislevy ( ２００２ ) . Selection in Setaria sphacelata forwinter survival . New Zealand Journal o f

A gricultural Research , ２７３‐２８７ .



瞯 ]226　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

A study of forage germplasm resources and their utilization in Heilongjiang province China
Luo x iny in , L i hong , You haiyang
Institute o f A nimal Science o f Heilong j iang p rov ince , Qiqihaer １６１００５ ,China

Key words : Heilongjiang , forage , germplasm , resource , utilization
Heilongjiang Province has ４ .３３ million hectares of grassland of which the Sanjiang grassland is ０ .６６５ hectares , the grassmountain and grass slope is １ .８ million hectares , and the western grassland is １ .８６５ million hectares , the most importance partof the Songnen grassland . Because of the differences of ecologic environment there are abundant cold tolerant , anti‐alkalitolerant , drought and barren tolerant species and biotypes . Identifying germplasm resources and their scientific utilization isnecessary not only for the development of animal husbandry , but also for control of the environment .
Forage germplasm resource composition The continuity of the Daxinganling , Xiaoxinganling , and Zhangguangcailing mountains ,whose peaks rise and fall along the skyline are natural woodland and these mountain ranges resemble a horse摧s hoof thatencircles the Songnen plain , with interleaving forest and grasslands , temperate zones and cold temperate zones . Therefore ,there are three types of plant flora in this area : Mongolia , Changbai and Xingan .In this complicated area , about ２１００ speciesare distributed , and about １０００ of them have an economic value According to investigations there were １１ families , ２２７ genera ,and ７９６ species . .
Utilization and researching of germplasm resources
Domestication of wild species Leymus chienesise ( T rin .) Tzvel were domesticated in the １９６０s and Melissitus ruthenicus C .W .Chang in the １９７０摧s . They were registered by the Chinese Herbage Cultivar Registration in １９８８ .
Native species and the new species Medicago sativ a L in Zhaodong adopted a protection and grow measure , becoming with coldtolerant , drought tolerant for the native species registered in １９８９[ １ ] .
The diploid Melissitus ruthenicuse C .W .Chang crossing with traploid Medicago sativ a L cv . zhaodong which was successfullybred [ ３ ] using of the artificial inducing method with the ６０Co‐rwhich increased seed matur of A straglus adsurgens Pall inHeilongjiang .
Introduced varieties The best foreign Medicago species is Medicago varia Martin .cv .Rambler , and the better domestic
Medicago species are the Caoyuan No １ and No ２ , the Gongnong No１ and ２ . The grasses are Elymus dahuricus Turcz ,
Elymus sibericus L . , Broumus inermis Leyss , and A gropy ron mongolicum . Keng , A gropy ron cristatum ( L .) Gaertn ,Agropyron cristatum ( Linn .) var . pectiniforme ( Roem . et Schult .) H . L . Yang ,A gropy ron trachycaulum etc .
Utilization and exploitation of forage germplasm resources The collection ,utilization and breeding of forage germplasm . Wildforage domestication for cultivation and their characteristics . Breeding of high yield , superior quality , cold tolerant varieties .The selection of drought tolerant , barren tolerant varieties . The selection of salt‐alkali tolerant species .
ReferencesLicensed Cultivars of Herbage crops in China , Bejing Agricultural University Press in China １９９２ .Luo xinyi ,The characters of Milissitus ruthnicus C .W . Chang [ J] .Pratacultural Science , １９９３ .(３) :２４‐２６ .Wangdiankui ,Li hong & Luo xinyi , Research on distant hybridization between Melissitus ruthenicus C .W .Chang and
Medicago sativ a Zhaodong [ C] ,International G rassland Congress , Nice ,France ,１９８９ ,p３３３‐３３４ .
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Effects of different factors on the hypocotyls protoplast isolation of common sainfoin
LUO Yu‐peng , ZHA NG Bo , CHEN A i‐p ing
X inj iang Key L aboratory o f G rassland Resources and Ecology , College o f G rassland science o f X inj iang A gricultural
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Somatic hybridization which based on protoplast culture has been widely used in forage breeding . In this text , we explore thetechnology of protoplast isolation , and hope to culture a new pasture cultivars with superior character .
Materials and methods Axenic hypocotyl cultures of common sainfoin . Sainfoin seeds were surface‐sterilized with ７０％ ( v / v )ethanol (３０s) , then transferred to ０ .１％ ( w / v ) mercuric chloride ( １５min) , and washed ５ times with sterilized water . Seedswere put on half‐strength MS basal medium ( Murashige & Skoog , １９６２ ) w ith ０ .７％ ( w / v ) agar and ３％ ( w / v ) sucrose . andkept in darkness(２５ ± ２ ℃ ) for ３‐４d days .
They were cut transversely into slice (０ .５ mm wide approx .) When the hypocotyls were ２‐３cm . The １‐g hypocotyls segmentswere treated (１ h) in １０ ml CPW salts solution containing ０ .７ M mannitol . ,then transferred into １０ ml filter‐sterilized enzymesolution . Af ter ２‐１０h incubation in the dark (２５ ± ２ ℃ ) , w ith gentle shaking (４０ rpm) on arotary shaker , the mixture was passed through a nylon sieve( ３８ .５μm pore sizes) and １５ ml of CPW９M solution was added .The protoplasts were collected by centrifugation ( １００ × g , ５ min ) and resuspended in the washing solution . The washingtreatment was done twice . Protoplasts , free of debris were carefully removed from the interface of the solutions , and
protoplasts were rinsed twice with １５ ml of KM８p medium( ( Kao and Michayluk , １９７５ ) A small sample of protoplasts in thewashing solution was stained with ０ .０１％ ( w / v ) phenosafranine and yield determined using a haemacytometer .
Results and discussion The principle of enzymolysis is getting viable protoplasts with lower concentration of enzymes and shouterenzymolysis time . Mannitol can adjust osmosis pressure of cell in protoplast isolation . If osmosis pressure too high or low ,cellmembrane will ruptured . pH not only affect the viability of protoplast , but also the activity of enzymolysis . The result showedthat the protoplasts with higher yield and quality were obtained by treating the hypocotyls with an enzyme mixture ( pH５ .８ )containing ２％ cellulose Onozuka R‐１０ ＋ ０ .５％ Pectinase ＋ ０ .３％ macerozyme R‐１０ and ０ .５５mol/ L mannitol for ６h .
Table 1 The e f f ects o f di f f erent enz yme combination on p rotop last isolation .
Cellulase OnozukaR‐１０( g / l)

Pectin‐ase
( g / l)

Macerozy‐meR‐１０ ( g / l) yield of viable protoplast(１ × １０
６ )

１０ 父５ 浇３ 刎０ +.８３
１０ 父５ 浇５ 刎１ +.１８
１０ 父８ 浇３ 刎１ +.５４
１０ 父８ 浇５ 刎１ +.８７
２０ 父５ 浇３ 刎３ +.２０
２０ 父５ 浇５ 刎３ +.１１
２０ 父８ 浇３ 刎２ +.３４
２０ 父８ 浇５ 刎１ +.９６

Figure 1 and Figure 2 The e f f ects o f enz ymolysis time and
mannitol concentration on p rotop last isolation .

Figure 3 The e f f ects o f p H on
rotop last isolation .

ReferencesMurashige T & Skoog F (１９６２) . A revised medium for rapid grow th and bioassays with tobacco tissue cultures . [ J] Physiol .
Plant . ５６ : ４７３‐４９７ .Kao KN & Michayluk MR (１９７５) . Nutritional requirements for grow th of V icia haj astana cells and protoplasts at a very lowpopulation density in liquid media . Planta １２６ : １０５‐１１０ .
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A preliminary study of the diurnal dynamics of photosynthetic rate of three grasses
M . Ma１ ,Z .L . W ang２ Q .ZH . Sun２
１ College o f Pratacultural Science , Gansu A gricultural University , L anz hou , ７３００７０ ,China , E‐mail :maming ＿ z y＠ １２６ .
com , ２ Grassland Research Institute o f Chinese A cademy o f A griculture Science , H uhhot , ０１００１０ ,China

Key words : Hodeum brev isubulatum , Roegneria turcz aninov ii , Elymus nutans , the diurnal dynamics of photosynthetic rate ,
preliminary study
Introduction Herbs Grass has been widely used in grassland ecology construction in China . There are more studies on herbs
grass adaptability and productivity . However , there is a lack of information about grass photo — physiology characteristic . Theobjective of this paper is to compare the diurnal dynamics of photosynthetic rate ( Pn ) and transpiration rate ( T r ) among
Hodeum brev isubulatum , Roegneria turcz aninov ii and Elymus nutans to further understand the photosynthetic characteristicsof three grasses .
Materials and methods The experiment was carried out in August , ２００７ in Inner Mongolia . The Li‐６４００ was used to measurethe Pn and T r of two years planted grasses ( Hodeum brev isubulatum , Roegneria turcz aninov ii and Elymus nutans ) duringfructification . The leaf samples were tested every two hours from ８ :００a .m . to １８ :００a .m . on sunny , and repeated ３ times ineach experiment . ３ leaves of each plant were selected in measurement .
Result Seen Figure １ know , Pn of three grasses exhibited a twin‐peaked pattern . The first apex of Hodeum brev isubulatum and
Roegneria turcz aninov ii appeared at ８ :００ , while that of Elymus nutans appeared at １１ :００ . The second apex of Hodeum
brev isubulatum , Roegneria turcz aninov ii and Elymus nutans appeared at １４ :００ , １８ :００ and １６ :００ respectively ; There wasnoon depression of photosynthesis for Hodeum brev isubulatum at １２ :００ . Noon depression of photosynthesis for Roegneria
turcz aninov ii and Elymus nutans appeared １４ :００ . The diurnal dynamics of T r was similar to that of Pn ( Figure ２) .

Figure 1 Diurnal changes o f the net photosynthesis rate
o f three grasses .

Figure 2 Diurnal changes o f the transp iration rate o f three
grasses .

H : Hodeum brev isubulatum ; R : Roegneria turcz aninov ii ; E : Elymus nutans

Conclusions Pn of the three grasses exhibited a twin‐peaked pattern . There was noon depression of photosynthesis for threegrasses .With PAR declining after １６ :００a .m . , Pn and T r of Roegneria turcz aninov ii fell rapidly , while Pn and T r of Hodeum
brev isubulatum and Elymus nutans rose tardily . This indicated that Hodeum brev isubulatum and Elymus nutans may be goodfor using the sunlight of sunset .
ReferenceHE W‐X . , YI J . & LI H‐M . , ( ２００４ ) . Comparative study on daily change of photosynthesis rate of rhizomatous grasses inmilky ripe stage . Chinese Journal o f A p p lied Ecology １５ , ２０５‐２０９ .
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Assessing genetic diversity of Elymus sibiricus ( Poaceae : Triticeae) populations from Qinghai‐
Tibet Plateau by ISSR markers
X iao Ma , X in‐Quan Zhang , Yong‐Hong Zhou and Shi‐Qie Bai
Department o f G rassland Science , College o f A nimal Science and Technology , Sichuan A gricultural University , Y a摧an ,
６２５０１４ , PR China , E‐mail :maroar＠ １６３ .com
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Introduction Elymus sibiricus L . ( Siberian wildrye ) is a perennial , self‐pollinating and allotetraploid grass indigenous toNorthern Asia , possessing the StH genome ( Dewey , １９７４ ) . In the subalpine meadows with less than ４０００m altitude inQinghai‐Tibet Plateau , E . sibiricus usually serves as an important forage species . Climate warming , loss of habit bydeforestation and excessive gazing at high altitude pastures in the entire Qinghai‐Tibet Plateau region now begin to threaten itssurvival . In the present study , we employed ISSR markers to investigate the genetic structure of natural E . sibiricus
populations from southeast of Qinghai‐Tibet Plateau .
Materials and methods Leaves of ９３ individuals of E . sibiricus were collected from eight populations in southeast of Qinghai‐Tibet Plateau , Sichuan Province , China . Individuals generally ５‐１０m apart from one another were sampled randomly withineach population . Genomic DNA was extracted using the CTAB method . １００ primers ( University of British Columbia primer set
９ ) were first screened for PCR amplification . Eighteen ISSR primers ( UBC ＃ ８０７ ,８０８ , ８１１ , ８１３ , ８１８ ,８２５ , ８３５ , ８３６ ,８４０ ,
８４２ , ８４４ ,８４５ , ８５３ ,８５６ ,８５７ , ８６４ , ８７３ and ８８０) that generated clear , reproducible banding patterns were selected for furtheranalysis . Polymerase chain reaction ( PCR ) and electrophoresis were carried out as described in Carvalho et al . ( ２００５ ) .Unequivocally scorable and consistently reproducible amplified ISSR bands were scored as present ( １) and absent (０ ) , each ofwhich was treated as an independent character regardless of its intensity . The genetic structure of studied populations werecalculated by POPGENE , Arlequin and TFPGA software .
Results Of the １００ primers screened , １３ produced highly reproducible ISSR bands . Using these primers , １９３ discernible DNAfragments were generated with １４９ (７７ .２％ ) being polymorphic , indicating considerable genetic variation at the species level .In contrast , there were relatively low levels of polymorphism at the population level with the percentage of polymorphic bands( PPB) ranging from ４４ .０４％ to ５４ .９２％ . The mean gene diversity ( HE ) was estimated to be ０ .１８１ within populations ( range
０ .１６４ to ０ .２００) , and ０ .２７４ at the species level . A high level of genetic differentiation among populations was detected basedon Nei摧s genetic diversity analysis ( ３３ .１％ ) , Shannon摧s index analysis ( ３４ .５％ ) , Bayesian method ( ３３ .２％ ) and AMOVAanalysis ( ４２ .５％ ) . No significant statistical differences ( analysis of molecular variance [ AMOVA ] , P ＝ ０ .０８ ) in ISSRvariation was found between regions . However , among populations (４２ .５％ of the variance) and within populations (５７ .５％ ofthe variance) , there were significant differences ( P ＜ ０ .００１) . Populations shared high levels of genetic identity . This patternof genetic variation was different from that reported for most of inbreeding T riticeae species reported .
Conclusions The high degree of genetic variation found in present study is probably accounted for the wide distribution of E .
sibiricus . Owing to the fact that the eight population studied are closed located , the possible explanation for the higher intra‐
population variation patters revealed in this study is that these studied populations were collected from near the central orfounding population .
ReferenceCarvalho , A . , Matos , M . , Lima‐Brito , J . , Guedes‐Pinto , H . & C . Benito ( ２００５ ) . DNA fingerprint of F１ interspecifichybrids from the T riticeae tribe using ISSRs . Euphytica , １４３ , ９３‐９９ .
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Study on the water use of Chicory in Beijing of China
MENG L in１ ,ZHA NG Y ing‐j un２ ,MAO Pei‐chun１ ,ZHA NG Guo‐f ang１

１ Bei j ing Research and Development Center f or G rass and Env ironment , Bei j ing １０００９７ ; ２ College o f A nimal Science and
Technology , China A gricultural University , Bei j ing １０００９４ ,China)

Introduction Chicory ( Cichorium intybus L .) , a succulent forage needed for the developing cow industry ( Dong , ２００１ ) , wasintroduced to Beijing . However , the deficient water resource is a key limiting factor for sustainable development of forage inBeijing . Water use of chicory needs to be studied further before it can be fully utilized in Beijing .
Materials and methods The experimental site , with a mean temperature of １２ .２ ℃ and average annual precipitation of ５１８ .３mm , was located in Shunyi County in the northeast of Beijing . Chicory was planted in spring with a seeding rate of １２ kg / hm２ .The plot area with ３ replications was ５m １０m each , and the space between plots was ２ m . Buffer areas were covered by plasticfilm to prevent water infiltration . Three different irrigation treatments of ６０ mm ( CK , ６００ m３ / hm２ ) , ４０ mm ( MS) , and ２０mm ( SS) were applied for regrow th after ４ and ５ mowing were applied in ２００２ and in ２００３ , respectively . The yield of chicoryand the soil water content of each １０ cm ( ０ ～ １６０ cm ) were determined . Water content was determined using a ５０３DR９Neutron Probe (CPN Co . , Ltd . , USA) every １５ d . The water use of crops ( ETα ) is calculated by the equation : ETα ＝ I ＋ P
＋ ΔW ; where P is the precipitation ; I is the amount of irrigation ; ΔW is the change of water shortage in the solum ; all unitsare in mm ( Yang and Shi , １９９７) . The water use efficiency is calculated by equation : WUE ＝ Y / ET , where Y is the economicyield ( Shan ,１９９４ ) .
Results The irrigation of ２０ mm produced a yield of １９０３９kg DM / hm２ in ２００２ and ２２２７８ .９kg DM / hm２ in ２００３ , and ６０ mm
produced a yield of ２２５０８ .９ kg DM / hm２ in ２００２ and ２７５５２ kg DM / hm２ in ２００３ . The results indicated a yield of ５６ .７ ～ １４３ .８kg / hm２ could be gained with a daily water consumption of １ .８８ ～ ３ .６１ mm . A strong positive relationship existed betweenwater use and irrigation over the entire growing period ( R２

＝ ０ .９６８９) . The average water use at the second and third‐harvestswas ２５ .０％ ～ ２９ .８％ more than that of the other harvests . A quadratic relationship existed between water use and yield for theentire growing period . Total water use ranged from ５０６ .７ to ５８４ .２ mm and the WUE from ３７ .６ to ３９ .１ kg / hm２ 爛 mm in
２００２ , and ５１７ .９ to ６４３ .８ mm and ４２ .８ to ４５ .９ kg / hm２ 爛 mm in ２００３ , respectively . In addition , WUE increased with anincrease in harvest times , and the WUE was the highest with ３９ .１ kg / hm２ 爛 mm in ２００２ and ４５ .９ kg / hm２ 爛 mm in ２００３ withthe MS treatment ( Table １ ) .The results suggested that irrigation is required for growing chicory in Beijing .
Table 1 The water utiliz ation e f f iciency o f chicory (kg / hm2 爛 mm) .
Years T reatments First‐harvest Second‐harvest Third‐harvest Fourth‐harvest Fif th‐harvest Total
２００２ ゥCK ３３  .５６ ３７ 鬃.９１ ３８ 敂.６３ ４４ h.４ ‐ ３８  .５３

MS ３２  .１５ ３８ 鬃.８４ ４１ 敂.２４ ４４ Q.３４ ‐ ３９  .１２
SS ３０  .２２ ３５ 鬃.１５ ４０ 敂.０２ ４５ Q.０４ ‐ ３７  .５７

２００３ ゥCK ３７  .３２ ４１ 鬃.４１ ４２ 敂.４８ ４８ Q.９４ ４５  .９７ ４２  .８０
MS ３７  .８３ ４５ 鬃.５７ ４７ 敂.４３ ５１ Q.１３ ４９  .３２ ４５  .８６
SS ３６  .２４ ４２ 鬃.５７ ４３ 敂.８６ ４８ Q.０４ ４６  .６６ ４３  .０２

ReferencesDong ZH L . New forage‐chicory . Sichuan Grassland , ２００１ , (３) : ４８‐４９ ( In Chinese) .Shan L . Water utilization efficiency of plant and farmland water in semi‐arid areas . A cta Plant Physiology Sinica , １９９４ , ３０
(１) : ６１‐６６ ( In Chinese) .Yang B J , Sui H J . Soil water and heat movement model and application . Beijing : China Science and Technology Press ,１９９７
( In Chinese) .
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Photosynthesis and transpiration of Chicory with different irrigation treatments in Beijing
MENG L in１ ,ZHA NG Y ing‐j un２ ,MAO Pei‐chun１ ,ZHA NG Guo‐ f ang１

１ Bei j ing Research and Development Center f or G rass and Env ironment , Bei j ing １０００９７ ,China ;２ College o f A nimal Science
and Technology , China A gricultural University , Bei j ing １０００９４ ,China

Introduction Water deficit usually influences photosynthesis , causing stunted grow th and development , and futher reduces yieldof forage ( Flexas et al . ２００４ ) . Knowledge gained from studying photosynthesis and transpiration of chicory at differentirrigation levels is essential for growing plants in a water stressed area like Beijing .
Materials and methods The experimental site , with a mean temperature of １２ .２ ℃ and an average annual precipitation of ５１８ .３mm , was located in Shunyi County in the northeast of Beijing . Chicory was seeded in spring at a rate of １２ kg / hm２ . The plotarea with ３ replications was ５m × １０m each , and the space between plots was ２ m . Buffer areas were covered by plastic film toprevent water infiltration . Three different irrigation treatments of ６０ mm (CK , ６００ m３ / hm２ ) , ４０ mm (MS) , and ２０ mm ( SS)water were applied for regrow th after ４ and ５ mowings in ２００２ and in ２００３ , respectively . The diurnal changes of
photosynthesis ( Pn) and transpiration ( T r) of chicory were measured for the different treatments and different stages of leaf ,bolting , and budding using CIRAS‐１ Cassettes Photosynthesis System ( PPS Co . , Ltd . , UK ) . On sunny days , four matureleaves of chicory in each plot were selected randomly to measure every ２ hours from ０８ :００ to １８ :００ and to calculate the averagePn and T r .
Results The diurnal change of leaf Pn showed the�S" shape with the first peak occurring at １０ :００ , the second at １４ :００ , andthe trough at １２ :００ . The diurnal change of T r was similar to Pn , but peaks and the trough were delayed by １‐２ hours comparedwith Pn . The average Pn and T r changes ( Table １ ) showed soil water content had a great influence on photosynthesis andtranspiration of chicory摧s leaves . A quadratic relationship existed between the Pn and T r at the different soil water contents .CK : Pn ＝ ‐０ .３３６５ × T r２ ＋ ８ .４７８７ × T r － ３４ .４５３ ( R２

＝ ０ .５５６３ , P ＜ ０畅０５ ) ; MS : Pn ＝ ‐０ .３２８７ T r２ ＋ ７ .８７６７ × T r － ３０ .７５７
( R２

＝ ０ .５４１５ , P ＜ ０ .０５ ) ; SS : Pn ＝ ‐０ .０４１４ × T r２ ＋ １ .７９２７ × T r － ３ .８０７２ ( R２
＝ ０ .４２７４ , P ＜ ０ .０５ ) , due to the effects ofstomatal movement on both rates and the lag in response of transpiration ( Gao １９９９) .

At low soil water levels , the stoma closed in order to decrease water loss from chicory摧s leaves . It appeared the response ofchicory to the water shortage at the bolting stage and bud stage were more sensitive than that at the leaf stage . The resultsshowed that a quadratic relationship existed between Pn and T r , and it was essential if normal photosynthesis and transpirationwere to occur , plants needed irrigation for regrow th after each harvest in Beijing .
Table 1 The Pn and T r o f chicory摧s leaves at di f f erent irrigation treatments .

treat‐ments
leaf stage bolting stage bud stage

average peak trough average peak trough average peak trough

Pn μmolCO２ 爛 m‐２

爛 s‐１

CK １７ ＃.９３ ±
１ .０３a ２８ w.１２ ±

０ .７４a １９ J.１５ ±
０ .８１a １２  .８３ ±

１ .６２a ２１ 耨.６０ ±
１ .２５a １２ 哪.９６ ±

１ .４９a １４ 槝.０７ ±
１ .１１a ２５ k.８０ ±

０ .７５a １４ y.５８ ±
０ .８４a

MS １５ ＃.１７ ±
０ .８８a ２６ w.５７ ±

０ .６３a １５ J.９３ ±
０ .６７b １０  .９０ ±

１ .５６a １９ 耨.７３ ±
１ .１４a １１ 哪.５５ ±

１ .３５a １１ 槝.６４ ±
０ .９２b ２３ k.３３ ±

０ .６７a １０ y.７２ ±
０ .６２b

SS ７ 寣.５１ ±
０ .４３b １８ w.０５ ±

０ .３６b ５ 3.６８ ±
０ .３８c ６  .３０ ±

１ .０４b １５ 耨.２４ ±
０ .８８b ５ �.６５ ±

０ .９６b ６ 亖.５１ ±
０ .３３c １６ k.５５ ±

０ .３３b ５ b.１５ ±
０ .３０c

T r mmolH２O/
( m２ 爛 s)

CK １０ ＃.７４ ±
０ .６２a

１４ w.６８ ±
０ .６６a １１ J.７９ ±

０ .５６ a
１１  .３９ ±
０ .６８a

１５ 耨.８８ ±
０ .８５a １１ 哪.７９ ±

０ .４８ a
１１ 槝.７６ ±
０ .９２a

１５ k.９３ ±
０ .９２a １２ y.１５ ±

０ .４５ a

MS １０ ＃.２７ ±
０ .５９a １３ w.７４ ±

０ .６０a １０ J.９２ ±
０ .７８ a

１０  .３８ ±
０ .５９a １４ 耨.２３ ±

０ .７９a １０ 哪.３０ ±
０ .３９ a

１０ 槝.３１ ±
０ .８２a １４ k.１１ ±

０ .８１a ９ b.９３ ±
０ .５２ ab

SS ５ 寣.７３ ±
０ .３３b ８ `.６４ ±

０ .４０b ５ 3.３８ ±
０ .３５ b

７  .０１ ±
０ .４４b １０ 耨.３８ ±

０ .５０b ７ �.０１ ±
０ .７０ b

７ 亖.７２ ±
０ .６０b １１ k.０３ ±

０ .６４b ７ b.３４ ±
０ .２０ b

Note : average‐average of Pn from ０８ :００ to１８ :００ ; peak‐Pn of １０ :００ ; trough‐Pn of １２ :００ . average‐average of T r from ０８ :００ to
１８ :００ ; peak‐T r of １２ :００ ; trough‐T r of １４ :００ . Different superscript letters in the same column indicate the significantdifference at a P＜ ０ .０５ level .
ReferencesFlexas J , Bota J , Cifre J , et al . Understanding down‐regulation of photosynthesis under water stress : future prospects andsearching for physiological tools for irrigation management [ J] . A nnals A p p lication Biology , ２００４ , １４４ : ２７３‐２８３ .Gao Y ZH , Han B W , Rao L H . Plant physiology [ M ] . Beijing :China A gri . Press , １９９９ , ５７ ～ ５８ , １０２ ～ １０３( In Chinese) .
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Effects of polyethylene glycol ( PEG)‐simulated drought stress on Chamecytisus palmensis seed
germination
Meng z hong j u , Gaoyong
College o f Ecol . and Env . Sci , Inner Mongolia A gric . Univ . , Hohhot ０１００１９ .E‐mail :mengz hong j u＠ １２６ .com
(２００６BA D２６B０１０２ )

Key words : Polyethylene glycol ,Chamecy tisus palmensis seeds ,water stress ,germination rate , germination potential
Introduction Chamecy tisus palmensis is a high‐quality resource in arid or semi‐arid regions . Much work has been done on thecharacteristics of seed germination of Chamecytisus palmensis seeds , but few studies have compared germination of seedscollected in the same region on different habitats . Thus , this study investigated germination of Chamecytisus palmensis seedswith simulated drought stress . These data should aid in selecting drought tolerant species for arid and semi‐arid regions .
Materials and methods A total of four kinds of stress were planned with polyethylene glycol PEG( ６０００) concentrations of １００ ,
１５０ ,２００ and ３００ g .L‐１ . These corresponded to the water potentials of about‐０ .２０ ,‐０ .４０ ,‐０畅６０ and‐１ .２０ MPa ( Bailey J D ,
２００２) . Seeds were placed on filter paper in Petri dishes immersed in PEG solutions . Temperature was controlled at ２０ ～ ２２ ℃and light was provided １２ hours a day ( test room , natural light scattering ) . A few drops of PEG solution were added onto thefilter paper everyday and papers were changed every ２d ( Ungar . I . A , １９８２ ) .Distilled water was used as CK . Eachconcentration gradient included ５ replications , each replication contained ５０ seeds .
Results Compared with CK , the rate of seed germination in １０％ PEG concentration only decreased ８％ , while １５％ and ２０％PEG concentration decreased the rate ２４％ and ３４％ , respectively . No germination occurred in ３０％ PEG . As the stress levelincreased , seed germination potential of Chamecytisus palmensis decreased significantly . Indicating that with PEG simulateddrought stress , seed germination declined . Seeds germination potential declined significantly in １０％ PEG . The decline for ２０％PEG was significant at P ＝ ０ .０５ . Research showed the germination potential was more sensitive to drought stress than thegermination rate .

Chart 1 the e f f ect o f PEG simulated w ater stress on germination rate and the germination potential o f Chamecytisuspalmensis seeds .
Conclusions PEG retarded the germination of seeds , and the germination rate and germination potential decreased withincreasing PEG concentration . The seeds treated with ３０％ PEG ( about‐１ .２MPa water potential ) did not germinate at all ,suggesting that ３０％ PEG was the threshold for the germination of Chamecytisus palmensis seeds .
ReferencesBailey J D , Covington W .W .(２００２) .Evaluating ponderosa pine regeneration rates following ecological restoration treatments innorthern Arizona , USA . For EcolMan , １５５ :２７１‐２７８ .Ungar .I .A .Halophyte seed germination . Bot .Rev . , (１９８２) , ４４ :２３３‐２６４ .
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Studies on the expression of exogenous p5CS gene in transgenic wheatgrasses
Mi f ugui , W ang guihua , H uo X iuwen , Dongshuj un
College o f Ecology and Env ironment , Inner Mongolia A gricultural University ; H uhhot , ０１００１８ ,China
E‐mail : m f gui＠ yahoo .com .cn

Key words :Wheatgrasses , T ransgenic , p５CS gene , Northern blot
Introduction T ransgenic wheatgrasses generated from hybrid wheatgrasses ( A gropy ron cristatum × A . desertorum cv .
�Hycrest‐Mengnong�) were indentified by PCR analysis and Southern blot . The p５CS gene , which regulates the last step ofproline synthesis in plants , was transferred into wheatgrasses . Northern blot was investigated . Results of Northern blot assaydisplayed that exogenous gene p５CS was expressed at transcription level in transgenic plants . New salt resistance plant lineswhich are adapted to extensive arid and semiarid areas of west China are expected to breed through these processes .
Materials and methods Plants of �Hycrest‐Mengnong�wheatgrasses with p５CS gene that have been tested by PCR and southernblot were used as materials and compared to non transgenic plants . Plant total RNA was extracted by kit ; af ter plasmid DNAwas amplified by PCR , arm fragments were extracted by kit as templates . They were labeled with DIG High prime DNALabeling and Detection Starter Kit Ⅰ by the random primer method ; electrophoresed RNA in formol denatured gel ; transferredusing capillary blotting ; hybridized and detected by probe labeled with DIG .
Results Figure １ shows the results of Northern blotting of p５CS transgenic plants and negative plants . The hybridization bandof p５CS transgenic plants tested by PCR and Southern blot hybridized with the DIG probe was obvious . It proved thatexogenous gene p５CS is expressed at transcription level in transgenic plants .

Figure 1 5 Northern blotting o f transgenic wheatgrass p lant .
1 ～ 5 － transgenic p lants ,6 － negative control

Conclusions The p５CS catalyse the proline biosynthesis . Its activity , inhibited by proline content , p５CSF１２９A is a mutant wipeoff feedback inhibition of p５CS and it led to a multiple increase of proline content , thus can enhance the protection of plantunder osmotic stress . Now it has been transformed into many plant species as tobacco , rice , ryegrass and tall fescue to enhancethe resistance to drought and salt . The results indicated that the exogenous gene p５CS was expressed at transcription level intransgenic plants .
ReferencesHuo Xiuwen , J .Wei , H .Xu , F .Mi , J .Yun . Plant Regeneration and Genetic T ransformation in Wheatgrass . A gricultural

sciences in China , ２００６ ,５ (９) : ６４８‐６５４ .Hong Z , Lakkineni K , Zhang Z , Verma D P S . Removal of feedback inhibition of １ pyrroline‐５‐carboxylatesynthetase ( p５CS)results in increased proline accumulation and protection of plant from osmotic stress [ J] . Plant Physiol ,２０００ ,１２２ : １１２９‐
１１３６ .
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Monitoring of production in the steppes Pre‐Caspian Area and open wood ( non desert !) and
forest of Turan (Middle Asia)
Yuri M . M iroshnichenko , Institute o f the A cademy o f Sciences , S t .‐Petersburg , Russia rudnya＠ etu .spb .ru

Key words :Pre‐Caspian , Turan , open wood , non desert
Introduction Turan is considered deserts without any reasoning . During ５５ years I have studied the vegetation of steppes ,mountains , and deserts from Algeria to China and in Central America . I studied the processes of succession , the structure ofcoenoses , the productivity , of superstructures I ( trunks , branches , green organs ) and roots , the ecological and biological
properties of plants , their biochemistry , the contents of macro‐and microelements of ２００ dominants in various regions .
Materials and methods In various countries I created experimental plots of ２‐１０ hectares and compared the dynamics ofvegetation , crops , etc . on fenced and unfenced plots ( a fence prevents a plot from being grazed) . These and other studies ofmine brought me to revisiting the adopted concept that Middle Asia is desert , which turned out to be w rong . Deserts occupyonly a small area in Middle Asia to the south of the Aral (８０‐１００ mm of precipitation) , ４１‐４４ degrees L .N . , ５７‐６２ degrees L .E .
Results I arrived at the conclusion that in Kara‐Kum and Kysyl‐Kum ( １５０‐１９０ mm of precipitation per year ) specific types ofvegetation prevail rather than desert ones : highly xerophilous open woods with white saxaul ( ass . Haloxylon persicum ) . Allsuperstructural phytomass is ２‐２ .９ tons/ hectare ( dry ) , green mass of Hal .pers . is ０ .３‐０ .６ and that of shrubs is ０ .２ , sedge
( Carex physodes) is ０ ,１５ tons/ hectare ( dry ) . The structure of Hal .pers plus shrubs occupies ２５‐３０％ of the area , with carexgrowing among them , which . creates a layer of rhizomes ３０ cm thick with a mass of ８ ,３ tons/ hectare ( dry ) . In low lands withthe level of subterranean waters ８‐１２ m black saxauls ( ass .Haloxylon ammodendron ＝ H .aphylla) is well dispersed . Aftercutting down , with demutation they become sparse ( xeroph . open woods) [ with shrubs and sedge ( Carex ) ] ; however/ at the
phase of climax they become arid woods , the tops of black saxaul ( Hal .amm .) taking ９０‐１００％ . At the climax phase theproduction of trunks and roots of Halox .amm . is １０５ tons/ hectare ( dry ) , and that of green organs is ４ .３‐４ .６ tons/ hectare( dry ) , that of Ammodendron argenteum is ４ .２ tons/ hectare ( dry ) near the lake Aral . This is much more than the mass ofleaves in the woods of Europe , where it is ２ .１‐３ .２ for oak trees , ２ .８‐３ .３ for conifers , and ２ .９‐３ .７ tons/ hectare for pines( dry ) . In the Sahara deserts the green mass is ０ .００１‐０ .０３ , and in Goby it is ０ .０１‐０ .２ tons/ hectare ( dry ) .
Conclusions I consider that xerophilous open woods with trees Haloxylon amm . , H .pers . , Ammodendron con . , Amm .argent .and others and with shrubs in Turan represent extreme arid chains of a specific type of vegetation‐sparse woods in ecologicalseries which go from subhumid sparse woods in mountains . Therefore , high productivity , complete density in superstructuraland underground spheres , stability of coenoses — all this demonstrate absence of deserts in Turan ( except for a small spot) and
presence of specific xerophilous open woods and thick arid woods .However , even absinthes ( Artemis ) decreased substantially in １０ years — they were replaced by uneatable plants‐spurgesEuphorbian Ceratocarpus arenaria , then Peganum harmala and others . Certain researchers defended the concept that absinthesof Seriphidium belong in deserts , that absinthes are typically desert kind of plants . This severe error is based on absence ofstudies of successions , so a border line of deserts was drawn up to Volgograd and to the north , up to latitude ５２° North in these
�deserts" ( Artemisia ) observe ３００‐４５０ mm of precipitation per year , hay stations produce hay on hundreds thousands ofhectares , and somewhere wheat is cultivated without watering .The adopted but erroneous statement ( that Middle Asia is a desert ) should be revisited in the light of existing data on high
productivity , complete crown density of ceonoses , successions XKboth rehabilitative and digressive ) , etc . The geographicmaps should be corrected , and the Pre‐Caspian area and Northern Turan should be denoted as steppes ( original , coming ofStipa , Agropyron , Helictotrichon , Koeleria , and secondary ones with Artemisia , Festuca , and others ) , and the SouthernTuran ( Kara‐Kum) should be denoted xerophilous open woods rather than deserts .
Productivity in open wood on mountaine ＝ １０９ t / hec , in arid mountaine ( rain ３５０ mm) prod .＝ ４４ t / hec , in open wood of Kara‐Kum prod .＝ １０５ t / hec .Descartes w rote :�Refine your terms , and you摧ll get rid of errors" . Kurochkina argues that there are no deserts in Turan(１９９５ , IRC , USA) .
ReferencesYu . Miroshnichenko (１９８６) . Dynamic and productivity of vegetation in deserts jn Russian . １５８ p .Yu . Miroshnichenko (１９７０ ) . R sultats de recherches exp rimentales des p turages . De La Rep . Alg rienne on Frans . １２０ p .
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Grazing impacts on natural steppe community of eastern Mongolia
Narantuya . N
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Introduction Grasslands are estimated to cover １２５ million hectares ( ca ８０％ ) of the total land area of Mongolia , and make up
２ .６％ of the global grassland vegetation (World Resources Institute , ２００３) . Currently about １２２ million hectares of Mongoliais devoted to nomadic pastoralism , with ２８％ of which lying in the steppe zone . A primary cause of low and declining
productivity is land degradation . Mongolian grasslands are partly overstocked , particularly in semiarid region of Mongolia . Inorder to prevent further degradation and rehabilitate degraded areas , it is necessary to study the impact of grazing on thisgrassland .
The present work ( monitoring study) was done on the territory of Bayantumen sum in East Aimag , Mongolia in ２００１‐２００３ andwere compared the dynamics of productivity , species composition and vertical structure in vegetation with different levels of
grazing pressure .
Materials and methods We chose two grasslands in the Kherlen river valley for our monitoring study . There used trancektmetod . Main criterions by which distinguished the vegetation into levels are : cover of dominated species in vegetation , meanheight of plant , productivity and quality ( ratio between the biomasses of palatable and unpalatable species ) . ( １ ) A rtemisia
adamsii overgrazed grassland is situated within the ５ km range from the Kherlen river were altitude is ７６４ m , plants areexposed to overgrazing , plant mean height is very low ( approximately ６ cm ) , vegetation cover is １０ .２％ and very sparse ,species richness is poor due to permanent grazing of livestock . There dominated by woody or unpalatable by livestock or steadyto grazing species such as A rtemisia adamsii , A . f rigida , A . scoparia . (２) Stip a light grazed as control grassland is situatedwithin １５ km range from the Kherlen river , were plants are exposed to very light grazing , plant mean height is ４５ cm ,vegetation cover ６２％ , species richness is very high , in are dominated by Stipa grandis , S .krylovii .
Study results We conducted vegetation surveys on grassland sites in steppe zone that were subjected to different livestock grazingintensities in eastern Mongolia . In this paper representing light and overgrazing were situated ５ and １５ km from the KherlenRiver . The main characteristics of vegetation such as vertical structure , species composition , vegetation cover and productivitywere measured and analyzed in relation to two levels of grazing pressure . We found that the total biomass decreased and the
proportion of woody plants increased with increasing grazing pressure compared with Light grazing . The lightly grazedgrassland exhibited high heterogeneity , the highest species diversity and richness and a high productivity due to occurrence of
Stip a , whereas the overgrazed grassland exhibited low species diversity and a higher occurrence of A rtemisia adamsii of poorfeed quality . Based on study , we suggest immediate and full protection of the overly grazing grasslands until the vegetation wasrestored to a healthy state . It is necessary to implement a strategy of rotating between rests and to prevent the grasslands fromfurther degradation .
Conclusions The features of grassland community is closely related with the grazing pressure .Under overgazing of livestock the Stipa steppe community was replaced by A rtemisia adamsii dominated community andovergrazing leds to the reduction of productivity and it摧s quality .To prevent further degradation necessary to rest and rotate the vegetations on the light grazing and on overgrazing necessaryfence to exclusive from livestock for their restoration to original vegetation conditions
ReferencesChen Zuozhong , Huang Dehua . A measurement to underground productivity and turnover value of Aneuroledium chinense andStipa grandis steppe . In : Report from the Inner Mongolia grassland ecosystem reseach station of Academy Sinica .( １９７９‐

１９８８) . Science Press . Beijing .China .１９９０ .pp ４２‐４５ .Narantuya N . , Jargalsaihan L . The present state of Gleistogenes squarrosa community in Eastern Mongolia . In : Proceedingsof the reseach conference on Contribution of biological studies to the improvement of Rangeland Management in steppies ofMongolia .Ulaanbaatar . March １８ . ２００２ . pp １８‐２３ .
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The study on growth and yield changes dynamic laws of Xinjiang small Reed ( Phragmites
australis)
Abdurahman Metniyaz １ ,A iniw aer A ishan , A taku k .２
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Introduction Reed( Phragmites australis ( Cav .) T rin .ex Steud) is most Important natural growing grass in Xinjiang grasslandsand animal husbandry production . It has important functions to protect and improving ecosystem ,to fully utilize low , dampingand salty area . Engaging in experiment on the reed land formed naturally , distinguishing its excellent plant height , leafnumber , cutting in different growing period and different cutting high etc . , provided scientific basis for effective using , andachieve better economic results at the animal husbandry production .
Materials and methods The experiment field is choosing at side of the rice field . test design is used as split‐plot design , mainplot is designed cutting in different growing period , respectively at heading stage , flower stage , fructicative stage and mature toyellowing stage , ３ times , in each period , and plot area is ２０m２ . Main plot is dividing into ４ equal parts as split plot . Split plotis designed cutting height in ０cm , ５cm １０cm and １５cm , ３ times . Split plot area is ５m２ . Observing growing and developingperiod is standardized as ５０％ plant into that period , and measuring length between nodes by selecting the longest on the stem ;counting leaf number by selecting middle length stems , and calculating main data from ２０ observed stems number . Measuringdry wet ratio and leaf stem ratio is done on the ５００g wet grass drained in the lab .
Results The test result shows that from regrowing to ear , reeds growing speedily , and the variation of length of knot are large ,
particularly new shaped nodes , af ter earing , it becomes to slower . From the regreening , the reed leave number is increasing indifferent degrees . After flowering , its leaf numbers is not increasing . When turned to yellow , some leaves on the lower part ofstem are defoliated , so its number decreases . Each plot production has some differences because of reeds grow th . If it is
growing in moist condition and thicknesses are enough , hay produced is much increased . To compare main yield of eachgrowing period and different cutting height , mostly the high yield cutting is at fructifcative period , cutting at flower period issecond , and then is cutting at ear stage . Cutting at mature to yellow is reducing in the yield . To comparing effects of differentcutting height with yield , the cutting height at ０cm is significantly high . Other cutting height .in proper order is ５cm , １０cm and
１５cm .Through variance analyzing make known that , it has significantly variability between different cuttings height ０cm ５cmand １０cm １５cm . There is no significantly variability between other treat methods . Comparing dry wet ratio , in birthing nodeshas less dry hay percentages , in the ear is higher , and at fructicative stage is mostly high . Comparing leaf‐stem ratio , inbirthing nodes cutting at ０cm height is the highest rate ; in proper order is ５cm ,１０cm , １５cm . leaf components higher than stembetween ２ .３６ ～ ２ .５２times . In the ear , it is no significantly variation among all the different cutting height , average leaf‐stemratio is ２０９ .５９％ , leaf components are more than twice the stem .at the flower period , their ratio is about １ .４ :１ . At thefructicative and mature to yellow period , their ratio are almost the same .

Figure 1 Measuring
result length o f a
knot .

Figure 3 Measuring y ield result o f
di f f erent cutting height .

Figure 2 Measuring result o f leaf
number v ariation in di f f erent
grow ing period .

Conclusions According to the different length of a knot and leaf numbers variation is in different growing period , before the ear
period is reed grow th very fast , it has very big variation between length of a knot and average leaf number on per stem ,especially during birthing new nodes . Hereafter , nodes number has almost shaped , so there are no more changes about them .There are １６ ～ ２３ leaves average on each stem . Based on reed productivity cutting in different growing period and differentcutting height , any times are good for harvesting af ter ear stage , and there is no significant variation among them . However ,there are many leaves defoliate after turned to yellow , thus to consider the regrow th hay yield and nutritious changing amongthe components , it is better cutting at the heady period .
ReferenceCui Nai Ran ET all . The flora records of main Grass Crops in Xinjiang [ M ] .part one ,４ ～ ６ .
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Impact of grazing on vegetation of Artemisia— annuals rangelands in semi desert of Uzbekistan
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Introduction Grazing pressure is the most important factor impinging plant community composition and biomass in natural
grasslands . Excessive stocking is the main reason for rangeland degradation worldwide .The semi desert foothills region of Uzbekistan covers about ４ million hectares ( Gaevskaya et al . １９７５) . This region is the mostdensely populated area of the arid zone of Uzbekistan . Karakul sheep husbandry is the most important livestock productionsector in this region . The objective of our study is to measure the impact of grazing on plant community composition and
productivity of the dominating A rtemisia communities . The research focuses on the effects of grazing on plant productivity ,floristic composition and the determination of stages of rangeland degradation as a result of overgrazing around settlements andwells .
Material and methods Field studies were carried out on A rtemisia‐annual sites of the Karnabchul semi‐desert . The Karnab studysite represents the sagebrush‐ephemeroid arid rangelands of the foothills of Central Asia and located about １５０ km NWW ofSamarkand . An annual average air temperature of １４ .６ C and precipitation of １６９ mm characterize the macroclimate of thesagebrush‐ephemeroidal semi‐desert at Karnab . The annual distribution of precipitation is characterized by a maximum of
precipitation in winter and spring , followed by drought during June‐October . The soil is classified as loamy serozem with anoccasional gypsum horizon in the soil profile ( Saliendra et al . ２００４) .Two study sites are located near the settlement of Tim ; the third study site is located around a well near the village Tutli , ５０km from other two sites . The dominant species at all sites is sagebrush ( A rtemisia di f f usa H . K rasch . ex P . Pol .) , whilethe herbaceous layer is dominated by Poa bulbosa and Carex pachysty lis . Peganum harmala is dominant on degraded sites .Vegetation was sampled along a grazing gradient extending from settlements or wells . Biomass production , density , cover and
plant composition were measured .
Results and discussions Significantly high grazing pressure was observed in the site around the well . P . harmala was found asan indicator plant of degraded rangelands as a result of high grazing pressure . Along the grazing gradient , distinct stages ofsuccession could be identified . Plant population density of P . harmala with amount of １３０００ per hectare had full dominance inplant composition in the area of １ km from the well . The value of density with ２３３ per / ha was decreased in the distance areasas a result of moderate grazing . Plant productivity confirmed the density values and ranged from ８９２ kg / ha to ２５ kg / ha duringspring season . Biomass production of A . di f f usa on the sites most distant to settlement was １３２ kg / ha , whereas closer tovillages , under high grazing pressure , plant productivity decreased to ９５ kg / ha . Major and consistent changes in plantcommunity composition were observed .
Conclusions Livestock grazing heavily impacts the natural rangelands of arid zones around settlements and wells . We concludethat grazing intensity is the most important factor shaping productivity and plant community composition on the Karnabchul
A rtemisia‐annuals sites . There is no evidence for the presence of a non‐equilibrium plant community dynamics in this system .
ReferencesGaevskaya L . , Salmanov N .S . , １９７３ . Desert and semi desert rangelands of Uzbekistan and the way of its rational use .
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Changes on seed bank composition of Flooding Pampa rangeland by the use of glyphosate
Rodriguez , A . ; Jacobo , E . ; & Zandueta , J . Departamento de P roducción A nimal , Facultad de A g ronomí a , Universidad
de Buenos A ires . A v . San Martí n ４４５３ ,Buenos A ires １４１７ ,A rgentina . arodrigu＠ agro .uba .ar
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Introduction To increase winter forage production of native rangelands of Flooding Pampa , a technique based on spraying
glyphosate herbicide in late summer has been widespread during the last decade in this region . Glyphosate eliminates greenvegetation growing in late summer , improving germination and establishment of cool season ( C３ ) annual grasses , that enhaceswinter forage and meat production . We postulate that annually application of glyphosate would reduce the seed bank of speciesthat vegetate during summer , like perennial grasses and legumes , decreasing floristic diversity and deteriorating the rangeland .
Materials and methods In a commercial farm located in the Flooding Pampa region , we selected １３ paddocks dominated by nativerangeland (３０‐１２０ ha each) and used for cow‐calves operation . Five paddocks have never been treated with glyphosate and other
８ paddocks have been treated with glyphosate in late summer from the last ５ years consecutively . During the warm season( November ２００６‐February ２００７) ３ soil samples (１７ × １３ × １０ cm .) of each paddock were extracted and put in plastic pots . The
pots were watered periodically to register emerging seedlings until no more germination was observed . Each seedling wasidentified by genus and species and afterward were gathered in functional groups ( Jacobo et al . , ２００６) . Kruskal‐Wallis test byranks was used .
Results and discussion Seed bank of C３ annual grasses ( Lolium multi f lorum , Bromus unioloides ) in glyphosate‐treatedpaddocks was significantly higher than that of non‐treated ones ( Figure １) , showing the effectiveness of glyphosate applicationto improve winter forage offer . Nevertheless , glyphosate application significantly reduced seed bank of sedges , warm seasonlegumes ( such as Lotus glabe ,r ) and C４ tussock grasses ( such as Pasp alum dilatatum ) ( Figure １) . This may be related to theinterruption of seed formation dispersal when this systemic herbicide is applied in late summer . The higher seed bank of C４creeping grasses in glyphosate‐treated paddocks ( Figure １ ) is consistent with the higher tolerance of Cynodon dacty lon , themain species of this functional group , to the herbicide . Species richness was significantly lower in glyphosate‐treated paddocksrespect to non‐treated ones (８ ,７５ vs . １２ ,６７ , p ＜ ０ .０１ ) , suggesting the lost of several seeds species form the rangeland seedbank when the technique is applied .

Figure 1 Number o f v iable seeds /m2 gathered by f unctional groups : W SLeg : w arm season legumes ; C4TG : C4 tussock
grasses ; C4CG : C4 creep ing grasses ; C3AG : C3 annual grasses . 倡倡 p ＜ 0 .01 倡 p ＜ 0 .05 .

Conclusion The technique of spraying glyphosate in late summer changes seed bank composition of rangelands of FloodingPampa and reduces seed availability of valuable forage species , leading to deterioration of this resource .
ReferenceJacobo , E . Rodr guez , A . , Bartoloni , N . and Deregibus , V .A . (２００６) . Rotational grazing effects on rangeland vegetation ata farm scale . Rangeland Ecology and Management . ５９ (３ ) :２４９‐２５７ .
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Investigation of LFA model application for determination rangeland摧s function in exclude and
open range in Hamadan province , Iran
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Introduction Soil indicators are the main index to recognize the function of natural ecosystems , and to evaluate their potentials .Landscape function analysis ( LFA ) method was used to evaluate management effects on soil surface characteristics andrangeland functional attributes ( Tongway , D .J . , Hindley , N . , ２００４) .
Material and methods In this method for determination of three functional attributes of stability , infiltration and nutrient cycling
１１ soil surface indicators were considered ( Tongway , Dat al １９８９) . They are soil surface cover ( soil protection from erosion) ,perennial canopy / basal cover , litter ( cover , origin , degree of decomposition) , cryptogam cover , crust brokenness , type andseverity of erosion , deposited material , soil surface roughness , soil surface resistance to distribution , slake test ( soil stabilitytest) and texture were used . Based on results land cultivation reduced functional attributes .
Results By increasing grazing intensity in open rangelands leave out palatable species and dominate annual in heavy grazing area .Vegetation and soil surface layer degradation increased soil erosion , created gully and reduced functional attributes . In relictexcludes area because of reestablishing homogenous annuals , soil indicators and functional attribute were improved . byincreasing grazing intensity , perennial vegetation cover and soil surface resistance reduced . Also in open rangeland breaking soilcrust created bare soil .

Table 1 Comparison among stability
Index in exclude and open graz ing
treat .
index P value
Lit ter Cover ( simple) ０ @.０７６ns
Cryptogam cover ０ =.００１ 倡

Crust broken‐ness ０ 倡

Erosion type & severity ０ =.０４６ 倡

Deposited materials ０ =.００４ 倡

Surface resist . to disturb . ０ =.０１４ 倡

Slake test ０ =.０１１ 倡

Lit ter Cover ( simple) ０ =.００８ 倡

ns : insignificant 　 倡 :significant( ０ .０５ )
倡 倡 : significant (０ .０１)

Table 2 Comparison stability index in
exclude and open graz ing treat .
index P value
Per . basal / canopy cover ０ 佑.０１１ 倡

Litter cover , orig & incorp . ０ 种.８９２ns

Soil surface roughness ０ 佑.０４６ 倡

Slake test ０ 佑.０１１ 倡

Tex ture ０ 倡

Surface resist . to disturb . ０ 种.１０７ns

Table 3 Comparison am stability in
exclude and open graz ing treat .
index P value
Per . basal / canopy cover ０ j.０１１ 倡

Litter cover , orig & incorp . ０ l.６８４ns

Cryptogam cover ０ 倡

Soil surface roughness ０ j.０１９ 倡

Conclusion Finally rill , terraces and pedestal erosions increased we found that LFA method able to show changes of managementeffect at last consumption a few money and time shows the capability of this method .
ReferencesTongway , D .J . , Ludwig , J . , Whitford , W .G . , １９８９ . Mulga log mounds : fertile patches in the semi‐arid woodlands ofEastern Australia . A ustralian Journal o f Ecology １４ , ２６３‐２６８ .Tongway , D .J . , Hindley , N . , ２００４ . Landscape Function Analysis : Procedures for Monitoring and Assessing Landscapes .CSRIO , Brisbane , Australia .
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Irish grasslands 2010 : a sustainable environment ?
R .P .O . Schulte and N . Culleton
Teagasc , Johnstown Castle Env ironment Research Centre , Wex f ord

Introduction Irish agriculture is currently undergoing rapid changes in response to new economic and environmental drivers ofchange . These drivers offer both challenges and opportunities . A holistic approach to the new economic and environmentalclimate is required to avail of these opportunities and address these challenges . The objective of this study was to review theeconomic and environmental drivers of change and identify knowledge gaps that must be addressed in order to derive such anintegrated approach .
Economic drivers Currently , under Cross‐Compliance , the Single Farm Payment requires compliance with current environmentallegislation . However , following WTO reforms , in the long term direct income support can only be sustained as compensationfor public goods , such as environmental services , over and above legislative requirements .Following EU Common Agricultural Policy ( CAP) and World T rade Organisation ( WTO ) reforms and the abolition of milk
quotas , agricultural production is increasingly market driven , with increases in milk prices and the abolition of milk quotasexpected to favour intensification in productive agricultural areas , based on low‐cost , grazed grass system with extended
grazing .Dramatic worldwide increases in grain prices , fuelled by demand for bio‐fuel , are presenting opportunities for tillage farmers ,but challenges for livestock farmers reliant on cereals .
Environmental drivers The Nitrates Directive ( ND) was implemented last year ( S .I . ０６ /３７８) , aimed at reducing the risk of lossof nutrients to groundwater and surface waters . The Nitrates Directive is now superseded by the Water Framework Directive
( WFD) , which demands�good quality status" of all water bodies by ２０１５ . Most of the challenges posed by the WFD have beenanticipated in the ND , though the economic drive to extended grazing may continue to pose local challenges to groundwater . Atsocietal level , drinking water is an increasingly scarce commodity ; with the construction of a pipeline from the Shannon toDublin , agricultural areas are expected to play a key role in providing this public service , with requirements over and abovecurrent legislation .Before the ND , reduction of risk of nutrient loss to water , along with the protection of existing biodiversity and farm habitats ,was one of the main objectives of the Rural Environment Protection Scheme ( REPS) . Now that protection of water quality isrequired on all farms under the ND , REPS payments can only be sustained for environmental services over and above therequirements set by Cross‐Compliance . Therefore , REPS４ payments are aimed at enhancing biodiversity on farms . Recent�willingness‐to‐pay" studies show significant public monetary support for such measures .
The impending Soil Framework Directive ( SFD) places soils on an equal footing with air and water , and requires abatementstrategies for ７ threats to soil quality . For Ireland , compaction , loss of organic matter and contamination have been identified asthe most relevant threats to agricultural soils . We have identified two types of abatement strategies : １) prevent deterioration ofsoil quality and ensure compliance with legislative requirements , e .g . prevention of contamination , and ２) improve soil quality ,which in most cases is expected to be synergistic with productivity , such as reductions in compaction and loss of organic matter .The current debate on greenhouse gas ( GHG) emissions and the Kyoto protocol are significant drivers of change : with Irishagriculture accounting for ３０％ of national GHG emissions and ５％ of GDP , it is potentially an easy target for reductions inGHG quota . However , GHG emissions from the agricultural sector have in fact declined since baseline １９９０ levels , and can notbe held responsible for the large increase in national GHG emissions , well above Kyoto targets . Any further reductions in GHGemissions from agriculture should therefore be considered as environmental services to other sectors of society . Future GHGemissions are difficult to predict : while the projected increase in dairy production may add to methane and nitrous oxideemissions , this may be easily offset by planting of farm‐forestry , with a government target of １％ of farmland planted perannum .
Conclusions In summary , we have identified three types of environmental drivers : １) halt deterioration of environmental quality( EQ) ; ２) improve EQ in synergy with productivity ; ３ ) improve EQ as a service to other sectors of society .So far , policies such as the Nitrates Directive , Cross‐Compliance and REPS３ merely required a halt to deterioration of theaquatic and biotic environments and compliance with relevant legislation . Such legislative compliance alone can no longer berewarded by income support .Most of the new policies , e .g . REPS４ , SFD , WFD and Kyoto are now aimed at actually improving EQ . In cases where thesemeasures are synergistic with productivity , e .g . reduction of compaction , these are of direct interest to farmers . However , incases where these measures are aimed at either servicing ( e .g . WFD ) or compensating for ( e .g . Kyoto ) other sectors ofsociety , this provision of additional public environmental services should be recognised in monetary terms , which we expect to
positively incentivise and facilitate an integrated approach to agricultural land use and environmental quality .
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Forests , steppes and grasslands in Morocco :diversity , ecological importance and socio‐economic
role
TA LEB Mohammed Sghir 倡 & Mohamed FENNA NE 倡 倡

倡 Forest Research Center , Rabat , Morocco , talebm０５ ＠ yahoo .com
倡 倡 Scienti f ic Institute , Rabat , Morocco , f ennane＠ israbat .ac .ma

Key words :Morocco , flora , forest , steppes , grasslands , diversity .
Abstract Forests , steppes and grassland in Morocco : Diversity , ecological importance and socio‐economic role . With its
geographical situation ( crossroads between Europe and Africa , Mediterranean Sea and Atlantic Ocean) , with the diversity of itsclimate and habitats , Morocco shelters a particularly varied natural vegetation by its structure and aspect , as well as by thediversity of the species . The floristic richness of the country is related to the biotopes heterogeneity . From the desert to thehigh mountains and the littoral to the most continental borders , Morocco offers very varied ecological conditions which allowedinstallation of various stocks species .The main vegetal formations are forests , matorrals , steppes , lawns and grasslands . Forests cover approximately ５ millionhectares , followed by steppes of Stipa tenacissima , w ith nearly ３ millions hectares .

Moroccan vascular flora counts about ４ ５００ species and subspecies distributed among ９３０ genera and １３０ families . Rare ,threatened and/ or endemic flora represents a significant part : ９５１ are endemics , ４６３ rares , １２８４ threatened and ３６ vulnerable .
Biogeographic analysis shows that the Moroccan flora is mainly mediterranean , enriched by taxa from the North ( holarcticelements) , the South ( tropical or Saharan elements ) , the East ( irano‐touranian elements ) or the West ( macaronesianelements) .
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Effect of water stress and rehydration on the physiological and biochemical indices of alfalfa
SH ENG Y B , WA NG G L , J IA CH L , CH EN SH Y , YA NG Q L , WU B
Shandong Institute o f A gricultural Sustainable Development , Jinan , Shandong , ２５０１００ ,China
E‐mail : shengyib＠ hotmail .com

Key words :water stress ; physiological and biochemical characters ; Medicago sativ a

Introduction Alfalfa ( Medicago sativ a L .) , which has high adaptability , a well developed root system , and high yields , isoften called�the king of forage crops" (Bai et al . , ２００３ ) . The goal of this study was to gain insight into the physiological andbiochemical responses of alfalfa to prolonged water deficit and rehydration .
Materials and methods Three varieties of alfalfa , WL３２３ , Aohan , and Lumu NO .１ , were planted in plastic pots ( made from ３２cm lengths of ２５ cm diameter plastic) . The percentage of relative water content ( RWC) of soil in pots was maintained at ７５％
( the control) , ６０％ ( light water stress ) , ４５％ ( moderate water stress ) and ３５％ ( heavy water stress ) . T reatments werereplicated three times . Plants were grown in stress for ２５ days and then rehydrated . Plants were sampled once after five days ofrehydration . Free proline , osmotic potential , SOD and POD activity of alfalfa leaves were measured ( Li , et al . , ２０００) .
Results The content of proline in three alfalfa varieties increased at the beginning , and then decreased after a maximum on the
２０th day of water stress . The rates of change of proline content in Aohan and Lumu NO .１ alfalfa were greater than WL３２３ .Content of proline decreased after ５ days rehydration . The osmotic potential of three alfalfa varieties decreased with the increasein water stress , but increased after ２５ days of stress . After rehydration , OP in all the treatments recovered well except forWL３２３ and Aohan alfalfa with heavy treatment . SOD and POD activity in three alfalfa varieties changed similarly increasingwith increasing water stress . With stress , SOD activity increased gradually and was maximum on the ２５th day . The rate ofchange of POD activity in Aohan alfalfa was greater than others , and WL３２３ was the least , and Lumu NO .１ was intermediate .SOD and POD activity decreased after rehydration ( Figure １) .

Figure 1 E f f ect o f w ater stress and rehy dration on f ree p roline , osmotic potential , SOD and POD activ ity in al f al f a
leaves .

Conclusions Data in this study show the differential antioxidative responses among three alfalfa varieties , which had high levelsof an antioxidative enzyme system and free proline accumulation . In conclusion , selection of alfalfa varieties with genetic traitslike antioxidants and proline accumulation might be useful in assessing the adaptive responses of alfalfa to water stress .
ReferencesBai W . M . , Li L . H ( ２００３ ) . Effect of irrigation methods and quota on root water uptake and biomass of alfalfa in theWulanbuhe sandy region of China . A gricultural W ater Management , ６２ , １３９‐１４８ .Li G . Q . , Du W . J . , Kong Z . S (２０００ ) . Studies on physiological drought resistance of different soybean varieties . Journal

o f Shanx i A gricultural University , ２０(３) , １９７‐２００ .
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Effect of topography on utilization from mountain rangelands of Mazandaran Province
— case study : rangelands of Babolrood Basin , IR‐Iran
Rez a Tamartash１ , H amid Jalilv and 倡 １ ,K arim Soleimani１ ,Maryam Saeidi２
１ Faculty Members o f Sari A gricultural Sciences and Natural Resources University ,
２ M .Sc . G raduated in the f ield o f Range Management , Department o f Range and W atershed Management , Sari University
E‐mail : hj ＿ ４５８ ＿ hj＠ yahoo .com , Sari , Maz andaran Prov ince , P .O . Box : ＃ ７３７ , IR‐I ran

Key points In mountain rangelands , due to topographic variations , animal grazing in whole areas is not equally distributed .Based on dissemination of grazed animal in range lands is more influenced by topography . This factor is affecting to the
percentage of utilization . Af ter study of aerial photography and topographical map , and field surveying the requirement mapswas created . In order to suitable tools , selection of grazing distribution in mountain rangelands was investigated bytopographical impact on vegetation . In order to determine relation between percentage of utilization and topographic factorscorrelation and multiple regressions was used . Result shows that slope was the most effective on the utilization factor andaspect was less effect to utilization .
Key words : Topography , Animal Distribution , U tilization , Stepwise Regression Method
Introduction In mountain rangeland percentage of utilization is affected by topography , stage of plant grow th and distribution ofwater . Therefore , mixed use of parameters is usually the most effective way to grazing management . In order to choose ofsuitable instrument , on grazing distribution in mountain rangeland evaluate of topography effect on percentage utilization isnecessary . Type of vegetation , relief , season and kind and age of animal摧s effect on utilization was studied ( Mesdaghi , ２０００ ,Gholami , ２００４ , Delcurto et al . , ２００５) and showed that the topography is one of the most important factors that affected to thedistribution of animals to use of plants , as extremely slops and mountains are inhibited to animal grazing . The objective of thisstudy was to determine topographic effective factors on non‐homogenic grazing distribution of Babolrood watershed at theMazandaran province that utilization of animal is uncorrected .
Materials and methods The study area was located in Babolrood Basin at the Mazandaran province of IR‐Iran . Af ter survey ofmap topography and the aerial photograph of study area overlaid and with finding field operation slope , high stratum andvegetation map were provided . Pay attention to coral five utilization unite that view of topography , kind of animal and type ofvegetation were homogenic chosen in each of utilization unit with use of high to weight method , the percentage of utilizationwere measured . Comparison of means was done by LSD method ( p ＜ ０ .０５ ) and table of matrix simple correlation wascomputed .
Results and discussion Matrix correlation of different variables at five utilization units showed that , in utilization units of first ,second and fourth , greatest correlation value was found between utilization percentages and slope . The final results showed thata regression model in fourth unit was the best ( Table １ )
Table 1 Regression characteristics o f the best model .
Dependent variable Independent variables R２ 痧Regression equation
U T Unit ４ 鼢Slope , height and interaction of slope

& height ０ 殮.９７ Y ＝ １０２ 抖.０ － ０ .６０X１ － ０ .０１X３ － ２ .６０X１X３

The result of this study showed that in the amount of topographical factors , the slope was highest affected on utilization factor .Relationship between slope and utilization was inversely , when slope increased the utilization decreased . This is due to decreaseof animal activity and movement in sharp slopes . Height factor was less effective on the amount of unitization . This was
probably due to chief effect to the other parameters of plants . Some research in Haraz basin in the North of Iran showed thatwith increasing of height and UV ray and decreasing of temperature , was decreased plant diversity and grazing intensity ( eg . ,Ebrahimi , ２００３) .
ReferencesDelcurto , T .M . , Porath , C .T . , Morrison , J .A . , ２００５ . Management strategies for sustainable beef cattle grazing on forestedrangelands in the Pacific Northwest . Range Ecol and Manage ５８ , １１９‐１２７ .Ebrahimi , Kh . , ２００３ . The effect of topography factors and Grazing on variation of plant cover and diversity in Haraz . MSCthesis , Mazandaran University , ８２pp ( In Persin) .Gholamibaghi , N . , ２００４ . Survey of spatial model diversity on important Rangeland species in Golestan Forest Park . Journal

o f Gorgan A gricultural Science and Natural Resources , １３(３) : １６１‐１７０ ( In Persin) .Mesdaghi , M . , ２００４ . Range management in Iran . Astan Ghods Razavi Publisher , ２５９pp ( In Persian) .
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Yield and quality of whipgrass mixed with different levels of White Clover
Zhisong Tang , Chunhua Y ang 倡 ,X iantao Fu , L ingz hi Chen , H ui j un Huang
Department o f G rassland Science , A nimal Science and Technological College , S ichuan A gricultural University ,Y a�an ,
Sichuan Prov ince , PRC , ６２１０００ . 倡 corresponding author , ychh＠ sicau .edu .cn

Key words : Hemarthria compressa ;T rifolium repens L . ; Overseeding ratio ; Y ield ; Quality

Introduction Development of grass legume pastures is one of the recognized strategies in many countries for enhancing both the
quantity and quality of feed resources . Forage quality and seasonal distribution of biomass of grass legume pastures have provedsuperior to those of grasses or legumes alone . Therefore , this study assessed the effect of different mixture of white clover
( T ri f olium repens cv . Chuanyin Ladino ) levels on seasonal yield , crude protein ( CP) and neutral detergent fiber ( NDF) ofwhipgrass ( Hemarthria comp ressa cv . Guangyi ) .
Materials and methods The forages were grown in the ２００５ crop season in Agricultural Research Centre of Sichuan AgriculturalUniversity , Ya摧an , Sichuan province , China . Whipgrass ( WP) and white clover ( WC ) were selected and propagated usingsprigs and seedlings , respectively . T reatments included three levels of white clover ( ２５％ , ５０％ and ７５％ ) mixed withcorrespondent amount of whipgrass . Whipgrass and white clover alone were used as controls . The experiment was carried outin a randomized complete block design .

　 Figure 1 The average o f dry matter y ield in 2005‐2007 .

Results The average dry matter (DM ) yields of three years harvests were higher in the treatment of ７５％ WP‐２５％ WC ( yield
１８２１７ kg / hm２ DM ) than the other treatments (１４５５４ kg / hm２ for ５０％ WC ＋ ５０％ WP , １４７９３ kg / hm２ for７５％ WC ＋ ２５％ WP ,
９ .２ kg / hm２ for WC only , １７８１３ kg / hm２ for WP only ) .The CP contents of the mixture increased as the proportions of whiteclover increased . Comparing to WP only , the total CP contents of the treatment of ７５％ WP‐２５％ WC , ５０％ WC‐５０％ WP and
７５％ WC‐２５％ WP increased ２６ .５％ , ４ .６％ and １１ .０％ ,respectively ; whereas NDF content decreased ９ .６％ , １０ .３％ and １０ .
９％ , respectively ( Tab .１ , Figure １) . Perennial tropical whipgrass mixed with three levels of white clover contributed to highpasture quality through increased CP contents and reduce NDF contents of the mixture . The advantage of prerennial legumewhite clover in the mixed whipgrass pasture is the higher protein value compared to whipgrass alone .
Table 1 The content o f CP and NDF o f di f f erent treatments in 2005 ～ 2007 .

treatments CP( ％ ) NDF( ％ )
２００５ ２００６ ２００７ average ２００５ ２００６ ２００７ average

１００％ WC １８ 铑.９０ １７ い.５０ １８ [.６０ １８  .３３ ３０ 乔.１０ ２７ }.００ ２８ 3.７０ ２８ m.６０
７５％ WC ＋ ２５％ WP １４ 铑.２０ １４ い.５０ １５ [.００ １４  .５７ ３７ 乔.７０ ３９ }.６０ ３６ 3.５０ ３７ m.９３
５０％ WC ＋ ５０％ WP １３ 铑.９０ １３ い.９０ １４ [.２０ １４  .００ ３８ 乔.８０ ４０ }.００ ３６ 3.９０ ３８ m.５７
２５％ WC ＋ ７５％ WP １３ 铑.６０ １３ い.３０ １３ [.８０ １３  .５７ ３９ 乔.７０ ４０ }.７０ ３７ 3.５０ ３９ m.３０
１００％ WP １１ 铑.３０ １０ い.８０ １１ [.００ １１  .０３ ４７ 乔.６０ ５２ }.８０ ４２ 3.７０ ４７ m.７０

Conclusions The amount of white clover in the whipgrass‐white clover mixture affected DM yield , CP and NDF characteristics .There was an increase in CP and reduction in NDF of whipgrass as the proportion of white clover in the mixture increased . Allwhipgrass‐white clover mixture could supply the required nutrients for maintenance and production of livestock , ７５％ WC ＋

２５％ WP provided best potential in nutrient management of hay cropping systems .
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Studying physiological‐morphological chanages of Agropyron cristatum against water deficiency
Fakhireh1 Tav ili2
1‐A ssistant Pro f essor ,Range Management Department ,College o f Natural Resources , University o f Zabol , f akhire＠ yahoo .
com
2‐A ssistant Pro f essor , Range Management Department , College o f Natural Resources , University o f Tehran , K araj , I ran ,
P .O . Box : 31585‐4314 , E‐mail : atav ili＠ ut .ac .ir

Introduction Water is the principal constituent of plant cells , usually composing over ８０％ of the fresh weight of herbaceous
plants . Water is the primary solvent in physiological processes by which gases , minerals , and other materials enter plant cellsand by which these materials are translocated to various parts of the plant . Water is the substance in which processes such as
photosynthesis and other biochemical reactions occur and a structural component of proteins and nucleic acids . Water is alsoessential for the maintenance of the rigidity of plant tissue and for cell enlargement and grow th in plants (Brown １９９５) . Duringperiods when rainfall is lower than evapotranspiration demand , a water deficiency exists . Under water deficiency conditions ,the rate of water loss from transpiration exceeds the rate of water absorption by the roots , and plants undergo water stress .Water stress can vary from a small decrease in water potential to the lethal limit of dessication . Range plants have mechanismsthat help reduce damage from water stress . This research focuses on mechanisms ( changes ) of A gropy ron cristatum whenfacing water stress .
Materials and methods The study was carried out at the greenhouse condition . Under study species was A gropy ron cristatumfrom Gramineae family . The experimental plan was completely randomized design ( CRD) . The mentioned species seeds were
planted in plastic pots with three irrigation treatments ; ３ ( control) , ６ and １２ days intervals in four replications . During thestudy period wilting percentage and water potential were assessed . Shoot and root weight in addition to root :shoot ratio weremeasured at the end of study period . A Duncan Test was used to compare the means .
Results and discussion Results showed that wilting percentage of understudy species increased with increment of drought stress .Also , it was shown that １２ days irrigation treatment had the highest leaf water potential . Shoot dried weight of speciesdecreased during the study , while root dried weight and root :shoot ratio increased .When plant encounters the drought stress ,lessens the volume of the aerial part to reduce the amount of transpiration . But , at the same time expands the root system toabsorb water from depths of soil . In this case the volume of root might be ten times more than what is in wet condition( Larcher １９９５ ) . The studies of Saeedian ( １９９７ ) , Sharifi Kashan ( ２０００ ) and Jafari & Firouzabadi ( ２００１ ) showed that thegrowing up of stress causes the decrease in shoot dried weight and increase in root dried weight and root :shoot ratio .Totally , abovementioned changes help A gropy ron cristatum to tolerate watre stress successfully . Regarding this , mentionedspecies could be used in reclamation of semi arid rangelands with more confidence .
Table 1 Comparison o f understudy characteristics means using Duncan test ( P ＜ ０ .０５ ) .

Water potential ( bar) Shoot dry weight ( gr) Root dry weight ( gr) Shoot / root
３ days ( control) － ２１ 刎.５a １ K.５３a ０ J.７６b ０ H.４８c
６ days － ２１ 刎.２５a ０ K.９５b ０ J.８７b ０ H.９２b
１２ days － １６ 刎.５a ０ K.５２c １ J.２５a １ H.９３a
Means within a column that have different capital letter are significantly different from each other .
ReferencesBrown , R .W . １９９５ . The water relations of range plants : adaptations of water deficits . pages ２９１‐４１３ . in D .J . Bedunah andR .E . Sosebee ( eds .) . Wildland plants : physiological ecology and developmental morphology . Society f or Range
Management . Denver , CO .Jafari , M . & A . Gh . Firouzabadi , ２００１ . Resistance to drought in Shore elurope ( A eluropus littotalis ) and weepingalkaligrass ( Puccinelia distance ) , Proceedings o f the X IX International G rassland Congress , ２００１ .Larcher , W . １９９５ . Physiological plant ecology , ３rd ed , Springer Verlag , New York .Saeedian , F . １９９７ . Investigation on drought resistance and water use efficiency of Eragrostis curvula and Dacty lis glomerata ,MSc . thesis , Natural Resources College of Tehran University .Sharifi Kashan , M . ２０００ . Investigation of drought and salinity stress on A gropy ron intermedium , A vena barbata and
Panicum antidotale , M .Sc . thesis , Natural Resources College of Tehran University .
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Study of environmental factors effects on vegetation , case study : Iran
A . Tav ili
The University o f Tehran , Natural Resources Faculty , P .O .Box :３１５８５‐４３１４ ,K araj , I ran
atav ili＠ ut .ac .ir

Abstract The distribution of plant species under environmental factors effects was examined in Veresk rangelands of Iran . Sixvegetation types were recognized in the study area . Canopy cover percentage of plants in different types was estimated based onrandomized‐systematic vegetation sampling procedure within １ m２ quadrates . Soil sampling was performed from ０‐３０ and ３０‐６０cm depths . The characteristics of soil samples in addition to slope , aspect and elevation of quadrates locations were consideredto test their relations with distribution of vegetation using multivariate analysis . The results showed that separation ofunderstudy types was mainly affected by tex ture , gravel percentage , N , OM , pH , and Ec .
Key words :Vegetation , Environmental factors , Soil , Multivariate analysis
Introduction Interest in how various landscape components affect biotic and abiotic resources has grown over the past ２‐３decades (Brosofske et al , ２００１) . The distribution and abundance of range species has been correlated with a variety of complexenvironmental gradients . Environmental factors affect range plant grow th and need to be understood and considered byrangeland managers . Plant grow th and development are controlled by internal regulators , which are modified according toenvironmental conditions . Of the most ecologically important environmental factors affecting rangeland plants grow th anddistribution are topography ( slope , aspect , and elevation) and soil properties . Various studies have been done in this case ( El‐Sheikh and Yousef ,１９８１ ; de Blois et al , ２００２) .
Materials and methods Based on field surveys , six vegetation types were identified at the study area . Fif teen １ m２ quadrats with
５０ m distance from each other were established along each of four ２００ m transects . Vegetative sampling method wasrandomized‐systematic . Floristic composition and canopy cover percentage related to each quadrat was recorded . To examinethe relationship of topography to vegetation , aspect , slope , and elevation of quadrats was recorded , too . Soil samples weretaken from ０‐３０ and ３０‐６０ cm depths . Texture , gravel percentage , pH , Ec , OM , N , CO３

２‐ , and HCO３
２‐ of soil samples inaddition to slope , aspect and elevation of quadrates locations were considered to test their relations with distribution ofvegetation using multivariate analysis ( PCA technique) .

Results and discussion Results from PCA showed that PC１ and PC２ together accounted for approximately ７３％ of the totalvariance in data set . It was shown that the overriding factors of PC１ are gravel percentage , Ec , N , and OC in the first soil layer(０‐３０ cm) and gravel percentage , clay , silt , N , and OC in the second layer ( ３０‐６０ cm) . It can be noted that PC２ is correlatedto pH , sand and clay at depth ０‐３０ cm and sand at depth ３０‐６０ cm . According to the correlations between site factors andcomponents , it seems that PC１ represents soil characteristics of salinity and nutrient while PC２ is related to tex ture and pH
properties . Results showed that different vegetation types show different relationships with understudy soil characteristicswhile no relationship was recognized between topography and vegetation types . According to small area of the study region
(２６５０ ha) , topography changes is very tiny ( aspect is steady , elevation ranges between ２０５０ and ２８５０ m a .s .l . , and slope
２１％ ) , therefore no strong relationship was considered between topography and vegetation . It seems that the most effectivefactors on the occurrence and separation of vegetation in Veresk rangeland could be soil characteristics including tex ture , N ,and OC . Soil texture controls distribution of plants by affecting moisture availability , ventilation and distribution of plant roots( Jafari et al . ２００４) .The role of soil moisture , as a key element in the distribution of plants is described by El‐Sheikh andYousef (１９８１) . Soil organic carbon is an important determinant of soil fertility because of its impact on ion exchange capacitiesand its near‐stoichiometric relationship to nitrogen . According to high cover percentage of different types and existence oflivestock during grazing season , N and OC of study area soil is large which in turn , causes a noticeable positive correlationbetween most vegetation types and mentioned soil characteristics .
ReferencesBrosofske , K .D . , J . Chen and T .R . Crow ２００１ . Understory vegetation and site factors : Implications for a managedWisconsin landscape . Forest Ecology and Management １４６ : ７５‐８７ .de Blois , S . , G . Domon and A . Bouchard ２００２ . Factors affecting plant species distribution in hedgerows of southern Quebec .

Biological Conserv ation １０５ : ３５５‐３６７ .El‐Sheikh , A .M . , and M .M . Yousef １９８１ . Halophytic and xerophytic vegetation near Al‐Kharg springs . Journal o f Colloid
Science University Riyadh １２ (１ ) : ５‐１２ .Jafari , M . , M .A . Zare Chahouki , A . Tavili , H . Azarnivand and Gh . Zahedi Amiri ２００４ . effective environmental factors inthe distribution of vegetation types in Poshtkouh rangelands of Yazd province ( Iran) . Journal o f A rid Env ironment ５６ :６２７‐
６４１ .
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Effect of frequency and time of cutting on the production of three strains of tropical forage
legume Aeschynomene americana L . in drained paddy field and upland field
M . Tobisa , M . Shimo jo１ ,Y . Nakano１ ,K . Okano１ and Y . Masuda１
Faculty o f A griculture , University o f M iyaz aki , M iyaz aki , ８８９‐２１９２ Japan , １ Faculty o f A griculture , K yushu
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Introduction In Japan the rice production control has been continuing since the １９７０摧s , and some parts of the paddy fields arelaid off into forage production . However , in the ill‐drained fields or the fields with high ground water table forage species ofhigher wet endurance are required . T ropical forage legume A eschynomene americana cv . Glenn has a high wet endurance(Bishop et al . , １９８５ ; Tobisa et al . , １９９９ ) and shows high dry matter productivity ( Skerman et al . , １９８８ ; Tobisa et al . ,
１９９９) . The objective of this experiment was to investigate the effects of two levels of cutting frequency and time on the drymatter productivity of A eschynomene americana L . grown at both drained paddy field and upland field in southern area ofJapan .

　 　 Figure 1 E f f ect o f f requency and time o f cutting on the dry matter
y ield ( DMY ) , digestible dry matter yield ( DDMY ) and crude
p rotein y ield ( CPY ) o f Aeschynomene in drained paddy and
up land f ields .
G : G lenn , 9 : CPI93556 , L : Lee , 3 : three times cutting , 2 : two
times cutting , E : early time cutting , L : late time cutting .
The total v alues f ollowed by di f f erent letters are signi f icantly
di f f erent at P ＜ 0 .05 .

Materials and methods The experiment wasconducted in the drained paddy field adjoiningrice paddy field at the Kyushu UniversityFarm . Three strains of A eschynomene
americana ( cv . Glenn , Lee and CPI９３５５６ )were sown in spacing of ５０ cm × １５ cm on June
１ . Two levels of cutting frequency were ( １ )two times cutting ( the first cutting on August
１９th , the second cutting on October ３rd ) and( ２ ) three times cutting ( August ４th ,September ４th , October ３rd ) . Two levels ofthe first cutting were ( １ ) early time ( August
３rd ) and ( ２ ) late time ( August １８th ) ,followed by the second cutting on October ９th .Measurements were made for dry matter yield( DMY ) , in v itro dry matter digestibility( IVDMD) and crude protein ( CP) . Digestibledry matter yield (DDMY) and CP yield ( CPY)were calculated .
Results Total DMY , DDMY and CPY for thetwo times cutting treatment of Glenn and
９３５５６ , annual forages , were higher than thethree times cutting treatment in the drained
paddy field and upland field ( Figure １) . As forLee , total DMY , DDMY and CPY in thedrained paddy field did not show significantdifferences between the two treatments ofcutting , but in the upland field they showedslightly higher values for the three timescutting . Total DMY , DDMY and CPY for theearly time cutting treatment of Glenn and ９３５５６ were higher than the late time cutting treatment in the drained paddy field , butin the upland field they showed similar values between the early and late time cutting treatments .
Conclusions The results of the present study suggested that Glenn and ９３５５６ showed higher total DMY , DDMY and CPY attwo times cutting and longer period of regrow th in the drained paddy field .
ReferencesBishop H . G . , D . H . Ludke & M . T . Rutherford ( １９８５ ) . Glenn jointvetch : a new pasture legume for Queensland coastalareas . Queensland A gricultural Journal . １１１ , ２４１‐２４５ .Skerman P . J . , D . G . Cameron & F . Riveros (１９８８) . In : T ropical Forage Legumes . FAO . Rome . ２０５‐２１１ .Tobisa M . , M . Shimojo , K . Okano & Y . Masuda ( １９９９) . Grow th habit of tropical forage legume genus A eschynomene in thedrained paddy field and upland field . Grassland Science ４５ , ２４８‐２５６ . ( In Japanese with English summary)
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Statistic of psammophyte in Otindag Sandy Land
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Introduction Otindag Sandy Land ,located in the middle of Xinlin Gol Plateau , is the largest sandy land in dry steppe zone ofChina . Recently , a series of environmental problems such as activation of fixed dunes , desertification and sandstorms , hasalready aroused widely attention by the ecologist . psammophyte constitution , dominant population and initial plants weresurveyed and analyzed in Otindag Sandy Land to understand it摧s psammophyte resources and to provide a foundation forvegetation recovering and ecological system protection in Otindag Sandy Land .
Materials and methods By the method of random sample , psammophyte in ZHENGLAN Banner , XIANGHUANG Banner ,ZHENGXIANG BAI Banner of Otindag Sand Land was surveyed using GPS in august ２００６ and ２００７ , especially in seriousdesertification area . Shrub sample was １０m × １０m , Herbs , １m × １m , In addition , reference was collected and Psammophyteresource was analysed with the guiding of botany theory .
Results Although psammophyte has ４２４ species out １０８３ of Otindag Sandy Land , they distributed widely , can be find all overof this zone , It摧s made a key function to the whole ecological system of Otindag Sandy Land . The first ten families are
Compositaea , Gramineae , Rosaceae , Leguminosae , Cruci f erae , Scrophulariaceae , Cyperaceae , Ranunculaceae , L abiatae ,
Chenopodiaceae , and others ５１ families have ８７ genera , １６７ species , respectively ３７ .８４％ and ３９ .３９ ％ of total . Compositaeaand Gramineae have a very high number of plant species . Compositaea has ３１ genera and ６４ species , respectively １３ .４７％ and
１５ .０９％ of total . Gramineae has ３４ genera and ５１ species , respectively １４ .７８％ and １２ .０３％ . Further survey indicated thatthere is lot of initial and dominant palnts witch always appear on zone of succession from moving dune to half‐fixed sand . Initial
plants included A griophy llum pungens , Corispermum candelabrum , Bassia dasy phy lla , A rtemisia scoparia etc . Dominantplants included A .intramongolica , Cleistogenes squarrosa etc . And other species included Thymus serpy llum Thalictrum sp .
Potentip lla spp . , Saposhnikov ia divaricat etc . Also the dominant population was surveyed , main species were A .desertorum ,
Bassia dasy phy lla , C .candelabrum , Setaria verticillata , L ap pula myosotis in sunny slope , formed A . desertorum ＋xerophytic herbosa communities . Arbors ＋ lochmium formed in shady slope , main species were Caragana micropyhlla ,
Sp iraea aquilegi f olia , Salix microstachya ,Ulmus pumila etc . There has less water in sand deposited slope and wind hollow ,so it has simple vegetation , It formed C .candelabrum ＋ Setaria verticillata dominant communities in Sand deposited slope andformed S . verticillata ＋ C . candelabrum ＋ A . intramongolica dominant communities in wind hollow . C . candelabrummonodominant community (６３％ ) ,other species less than １３％ was formed in dune top ( Chen Yufu , Dong Ming . ２００２ Thevegetation and soil space Patten and their relantionship in Eerduosi Acta Phytoecol . Sin . Journal , ２６ , ５０１‐５０５ .) .
Conclusion and discussion Psammophyte of Otindag Sand Land has only ３９ .１５％ of total , but they widely deposited in the wholearea , play an important role as initial , dominant plants . However its dimonant plant and population we know is not socomplete , so we should make an efforts to study more .
ReferenceChen Yufu , Song Minghua , Dong Ming . (２００２) . The vegetation and soil space Patten and their relantionship in Eerduosi ActaPhytoecol . Sin . Journal , ２６ , ５０１‐５０５ .
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Molecular characterization of bermudagrass germplasm using sequence‐related amplified
polymorphism markers
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Bermudagrass [ Cynodon dacty lon ( L .) Pers .] germplasm has a broad resource of genetic diversity that can be used forturfgrass ,forage and conservation .bermudagrass is widely distributed in world , but genetical information is lacking on DNAmolecular variation in geographically disparate forms . Accordingly , this study was conducted to assess molecular geneticvariation and genetic relatedness among thirty‐five C . dacty lon var . dacty lon accessions and twenty‐one public cultivarsoriginating from ４ countries ( China , Australia , USA and India ) . The objectives of this study were to use sequence‐relatedamplified polymorphism ( SRAP ) markers in the evaluation of genetic diversity in a diverse collection of ５６ bermudagrass
germplasms . Thirty SRAP primer combinations were used . It is the first report of home and abroad bermudagrass germplasmresources relationship by using SRAP markers . Cluster analysis by the unweighted pair‐group method with arithmetic averages( UPGMA) based on ２６８ ( in total of ２７４) polymorphic bands indicated that there were six clusters ( Figure １) . The coefficientsof genetic distance among the genetypes ranged from ０ .５７ up to ０ .９７ and averaged ０ .７７ . The genetic diversity estimate , He ,average ０ .２７ . Both Principal Coordinate Analysis ( PCA) and UPGMA analysis indicated the similar results that the ecologicalvarieties were clustered in different groups . The Australia cultivars , some USA cultivars , Xinjiang cultivars , and so on , weredistinctly differentiated . This shows there is a wide genetic diversity among genotypes within C . dacty lon . Ferriol et al .(２００３ ) reported that the information obtained from SRAP markers was more concordant with the morphological variations andthe evolutionary history of the morphotypes than that found with AFLP markers .The use of PCR‐based technologies such asSRAP is an effective tool for estimating genetic diversity , identifying unique genotypes as new sources of alleles for enhancingturf characteristics , and for analyzing the evolutionary and historical development of cultivars at the genomic level in abermudagrass breeding program .

Figure 1 Dendrogram o f 56 Cynodon dactylon (L .) Pers . p roduced by UPGMA clustering method based on the genetic
similarity matrix derived f rom 268 SRA P markers .

ReferenceFerriol M , Pico B , Nuez F ( ２００３ ) . Genetic diversity of a germplasm collection of Cucurbita pepo using SRAP and AFLPmarkers . Theor A p p l Genet , １０７ , ２７１‐２８２ .
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Comparison of the production performance between two populations of lespedeza davurica
Y i X ing , X iang Zhao 倡 ,K uanhu Dong
College o f A nimal Science and Technology , Shanx i A gricultural University , Taigu , Shanx i , ０３０８０１ , China , E‐mail :
x ingy ix ingyi２００３ ＠ yahoo .com .cn ; 倡 A uthor f or correspondence , E‐mail : sxndz haox＠ １２６ .com

Key words :Lespedez a davurica ; Population ; Production performance ; Cultivation ; Domestication
Introduction Lespedez a davurica is important subshrub in Northern China . It is drought tolerant , warm season plants . It is
grown for hay and pasture , soil improvement , erosion abatement , and benefit to wildlife ( Delectis florae reipublicae popularissinicae agendae academiae sinicae edita , １９９５) . The purpose of this study was to compare production performance between twopopulations of Lespedez a davurica f rom Henan( HN) and Shanxi( SX) provenance in China .
Materials and methods Two population ( HN and SX ) of Lespedez a davurica were studied using randomized completeexperimental design , and were sowed three replicates in plots in field without irrigation at Jinzhong of Shanxi . , Growing heightof plants , length of main stem and yields were measured .
Results The Lespedez a population from Shanxi could grow well in the grow th period and produce mature seed , but the growingseason of the population from Henan is longer than that from Shanxi , ８０ percent of seed matured when the plants were dead .There was the maximum grow th speed from jointing stages to heading stage while the grow th speed of slowed down fromblooming stage . The height of plants and length of main stem of the population from Henan is higher than those from Shanxi atthe bearing stage ( Figure １ ) . The yields ( air‐dry basis ) was the highest at the bearing stage , １８７３０ .２９kg / hm２ and １０５２１ .
９０kg / hm２ from Henan and Shanxi , respectively ( Figure ２) .

Figure 1 Grow ing height o f p lants and length o f main stem f rom di f f erent population o f Lespedeza davurica .

　 Figure 2 Y ield o f Lespedeza davurica at di f f erent stages .

Conclusions Lespedez a davurica f rom Henan is better than that from Shanxi based on height of plants , length of main stem ,and yields . Lespedez a davurica f rom Henan is better than that from Shanxi as a forage with their erection and high yields . Onefrom Shanxi is used for soil improvement and erosion control because the plants are slightly spreading on the ground .
ReferenceDelectis florae reipublicae popularis sinicae agendae academiae sinicae edita ,１９９５ . Flora reipublicae popularis sinicae . Beijing :Science Press .４１ ,１３１‐１５９ .
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The effect factors on regeneration system of tissue culture using mature embryo of wheatgrass
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Introduction It is the development trend that breeds new variety with good quality , high yield and multiresistance by transgenictechnology in modern wheatgrass breeding . It is precondition of transgene that found a highly‐effect and stabilized regenerationsystem for tissue culture . Through the experiment on tissue culture using mature embryo of differentials genotype wheatgrassto select excellent genotype of wheatgrass that was suitable for transform exogenous gene . The effect factors of callus inductionand regenerated frequency were studied in the regeneration system .
Materials and methods The seeds of A . cristatum cv . Fairway( Fairway) , A . desertorum cv . Nordan( Nordan) , A . mongolicumKeng and A .cristatum × A .desertorum cv . Mengnong ( Mengnong ) were choosen to sterilize and embryos of them wereembedded culture medium to induced the callus . Cultures were incubated in the dark at ２６ ℃ for １４ days followed by asecondary culture for ２０ days that repeated twice or thrice . Then the good callus was picked out and cultivate in differentialmedium in the light for １６ hours . The cultures were switched to enrooting medium until the seedlings could survive perfectly .
Results Effect of different genotype wheatgrass on inducing callus from mature embryo :All materials for experiment could beinduced to form callus in same medium . The time on appearing and forming of callus were little different . But there were muchdifferent in inducing rate and morphology of callus among ４ materials . The percentage of callus induction for A . mongolicumKeng was higher ２０％ than others . The percentage of callus induction for Nordan was ６７ .５％ , lowest among ４ materials . Inaddition , the morphology of callus of A . mongolicum Keng . possessed compact and dense structure were best than otherspossessed sof t and clearing structure ( Table １ ) .
Table 1 E f f ect o f di f f erent genoty pe wheatgrass on inducing callus f rom mature embryo .

Varieties Inoculate No . Time ofappearingcallus( d)
Time offormingcallus( d)

CallusNo .
( piece)

Percentageof callusinduction ( ％ )
morphologyof callus

Fairway ４００ �４ 殮１０  ３０７ 噰７６ 　.８ white ,soft ,water
Nordan ４００ �４ 殮１０  ２７０ 噰６７ 　.５ white ,soft ,water
A . mongolicum Keng ４００ �３ 殮８ 沣３８０ 噰９５ 　White ,compact
Mengnong ４００ �３ 殮９ 沣２９６ 噰７４ 　white ,soft ,water
Differentiation and enrooting ability of callus from mature embryo for different genotype wheatgrass : There are remarkablydifferent in percentage of differentiation callus from mature embryo among ４ materials . The seedlings were appeared after theinducted callus of A . mongolicum Keng switched to differentiation for １５ days , but to Mengnong and Fairway , its need ２０days . The seedlings were appeared af ter the inducted callus of Nordan switched to differentiation for ３０ days . And theDifferentiation percentage of callus of A . mongolicum Keng , Mengnong , Fairway and Nordan were ７２％ , ５８％ ,５２％ and ４１％respectively . When the seedlings is ２‐３cm , its were inoculated in enrooting medium . The roots of all materials could be growedand they were robust .
Effect of ABA on morphology and differentiation ability of callus from mature embryo of wheatgrass : The secondary culturewas done in medium appended ABA . The result showed that ABA can improve the morphology of callus and enhance thedifferentiation ability on ４ materials . There were different effects to morphology of different callus by different ABAconcentration . When ABA concentration was ０ .１mg / L , it was little effect to callus . But when the ABA concentration was ０ .
５mg /L , the quality of all callus was decline . The optimal ABA concentration was ０ .３ mg / L , it could improve the quality ofcallus evidently .
Conclusions The callus from mature embryo of A . mongolicum Keng was higher than others in the percentage of callusinduction and differentiation callus . A . mongolicum Keng was a perfect host to transgene . The ABA ( ０ .３ mg/ L ) canremarkably improve the quality of callus .
ReferencesL .Yi , G . Junshan , L .Yan . Effect of Different Media on Regeneration of Immature Embryo of Wheat ( T ritium aestivum ) .

Journal o f A nhui A gricultural University [ J] .２００３ , ３(１ ) :６‐９ .H .Xuelin . Morphogenetic study on tissue culture of higher plant in vitro [ M ] .Beijing . Science Press .１９９５ .
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Introduction Red clover ( T ri f olium p ratense L .) is an important forage legume and adapted to a wide range of environments .Much genetic variability within this species has been characterized by genetic analyses using isozymes as well as DNA markers .In red clover , genetic linkage maps of some segregated populations were constructed with a few thousands DNA makersincluding SSR , EST , and RFLP . The purpose of our study is to clarify the mechanism of local adaptation of red cloverpopulations . In this study , we focused flowering habit because red clover was thought to divide two ecological groups withdifferent maturity in previous studies . We used SSR markers associated flowering time to assess genetic differentiation forflowering traits .
Materials and methods Three red clover cultivars ;�Natsuyu�,�Corvus�and �Nordi�were used in this study .�Natsuyu�and�Corvus�are early maturing cultivars bred at Japan and Switzerland , respectively , while Nordi is late maturing one bred atNorway . The experiment was carried out with ２ × ２ factorial design for each cultivar , with day length ( １４ hs or １８ hs ) andvernalization ( first mature leaf stage or second true leaf stage) as the factor . Each treatment was represented by ２０ or ２５plants . The total of ９０ plants of each cultivar were analyzed by eight SSR markers which was chosen from the public DNAdatabases ( http :/ / www .clovergarden .jp/ ) and developed by K lliker et al . ( ２００６ ) . All markers located at the vicinity ofQTLs for flowering traits in individual linkage group ( Harrmann et al . ２００６ ) . Four SSR primer sets were used to detectpolymorphism .
Results After ２９ weeks from seedling , all plants in �Natsuyu�and �Corvus�were flowered , but almost plants of �Nordi�grown under １４ hs day length didn摧t flower . In all cultivars , flowering date was earlier １８h than １４h and vernalization at secondtrue leaf than at first mature leaf ( Table １ ) . It indicated that day length is main factor of flowering in red clover ; whilevernalization accelerates it , but not absolute factor . It confirmed five to eight alleles in each primer set ( Table ２) . A differenceamong cultivars was observed for allelic frequency in each primer set . RCS０１３１ and RCS４４３０ loci showed different pattern ofallelic frequency between early maturing and late ones .
Table 1 E f f ect o f day length and vernaliz ation o f f lowering date in each cultiv ar .
Leafage atvernalization First mature leaf Second true leaf ANOVA

１４h １８h １４h １８h Day length( A ) Vernalization(B) A × B
Natsuyu ５３ ^.３ ４６ k.８ ４３ y.９ ３７ 噰.０ 倡 倡 倡 倡 ns
Corvus ５３ ^.５ ４７ k.６ ３８ y.６ ３３ 噰.２ 倡 倡 倡 倡 ns
Nordi － ７６ T.０６ － ６４ p.２８ － ns －

Conclusions Red clover had a wide rangeof variety of sensitively to day length andrequirement for vernalization betweenand within cultivars . It was confirmedthat different allelic frequency wasobserved among cultivars . SSR locihaving different pattern of allelicfrequency between early maturing andlate ones could be useful in moniteringpopulation dynamics in red cloverpopulation to clarify the relationshipbetween local adaptation and floweringphenology .
ReferencesK迸lliker , R . , Enkerli , J . , Widmer , F . ,( ２００６ ) . Characterisation of novelmicrosatellite loci for red clover( T ri f olium p ratense L .) . Molecular

Ecology Notes ６ , ５０‐５３ .

Table 2 A llelic f requency w as used in each cultiv ar .
Locus Cultivar Allelic frequency

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ Ⅶ Ⅷ

TPSSR１６ 贩Natsuyu ０ 哪.２９ ０ 悙.２８ ０ ].１３ ０ ).２１ ０ 鲻.０１ ０ 侣.０７ － －

Corvus ０ 哪.２５ ０ 悙.０８ ０ ].１７ ０ ).２８ ０ 鲻.１４ ０ 侣.０８ ０ 弿.０１ －

Nordi ０ 哪.３０ ０ 悙.３０ ０ ].１０ ０ ).２０ － ０ 侣.１０ － －

TPSSR２３ 贩Natsuyu ０ 哪.２５ ０ 悙.４９ ０ ].２０ ０ ).０３ ０ 鲻.０４ － － －

Corvus ０ 哪.４３ ０ 悙.２１ ０ ].１４ ０ ).０７ － ０ 侣.０４ ０ 弿.０９ ０ 照.０２
Nordi ０ 哪.０８ ０ 悙.４０ ０ ].３８ ０ ).０８ ０ 鲻.０１ ０ 侣.０１ ０ 弿.０２ －

RCS０１３１ �Natsuyu ０ 哪.２６ ０ 悙.２８ ０ ].１７ － ０ 鲻.１３ ０ 侣.１６ － －

Corvus ０ 哪.２３ ０ 悙.２３ ０ ].１６ ０ ).０６ ０ 鲻.０８ ０ 侣.１３ ０ 弿.０９ ０ 照.０２
Nordi ０ 哪.１７ ０ 悙.１７ ０ ].３３ ０ ).０３ ０ 鲻.１０ － ０ 弿.１０ ０ 照.１０

RCS４４３０ �Natsuyu ０ 哪.５５ ０ 悙.１９ ０ ].１４ ０ ).０６ ０ 鲻.０６ － － －

Corvus ０ 哪.５７ ０ 悙.２１ ０ ].１１ ０ ).１１ － － － －

Nordi ０ 哪.７１ ０ 悙.１４ ０ ].１４ － － － － －

Hereman , D . , Boller , B . , Studer , B . , Widmer , F . , K lliker , R . , ( ２００６ ) . QTL analysis of seed yield components in redclover ( T ri f olium p ratense L .) . Theoretical and A p p lied Genetics １１２ , ５３６‐５４５ .Sato , S . , Isobe , S . , Asamizu , E . , Ohmido , N . , Kataoka , R . , Nakamura , Y . , Kaneko , T . , Sakurai , N . , Okumura , K . ,Klimenko , I . , Sasamoto , S . , Wada , T . , Watanabe , A . , Kohara , M . , Fujishiro , T . , Tabata , S . , ( ２００５ ) .Comprehensive structural analysis of the genome of red clover ( T ri f olium p ratense L .) . DNA Research １２ , ３０１‐３６４ .
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Allelic share among two taxonomically related Elymus species , hexaploid E . nutans Griseb and
tetraploid E . burchan‐buddae (Nevski) Tzvelev
Xuebing Y an , Chengz hang W ang , Y uX ia Guo , Y ibao Jiang , De f eng L i
Engineering College o f A nimal Husbandry and Veterinary Science , Henan A gricultural University , Zhengz hou , ４５０００２
China , E‐mail : y xbbj z z＠ １６３ .com

Key words : E . nutans , E . burchan‐buddae , ploidy , allelic frequency , genome , AFLP
Introduction Two taxonomically related Elymus species , E . nutans Griseb and E . burchan‐buddae ( Nevski ) Tzvelev , areamong the most abundant perennial grasses and widely distributed across the north western China . The two Elymus species arevery similar in their morphology , although the important character that distinguishes them with certainty is chromosomenumber and genomic constitution ( L ve , １９８４ ) as E . nutans is hexaploid (２n ＝ ６x ＝ ４２ , StStYYHH ) and E . burchan‐buddaetetraploid (２n＝ ４ x ＝ ２８ , StStYY) . Effects of different ploidy genome on the plant genetics have been paid more attention . Thisstudy is to test the consanguinity between two Elymus species with different ploidy through shared AFLP ( amplified fragmentlength polymorphisms) allelic frequencies , and induce the causal genome of .
Materials and methods Seed samples (３０ seeds of each population used for DNA preparation) of fourteen populations of Elymus
nutans Griseb (２n＝ ６ x ＝ ４２ , StStYYHH) and eight populations of Elymus burchan‐buddae ( Nevski) Tzvelev (２n＝ ４ x ＝ ２８ ,StStYY) were collected from the Qinghai‐Tibetan Plateau in Maqin County ( N３４°２９′‐３４°３３′ , E１００°２３′‐１００°３１′ , altitude from
２８００m to ４１００ m) , Qinghai Province , China . Fluorescent AFLP was amplified using IRDye 棆 Kit on the DNA sequencer LI‐COR‐４３００ ( LI‐COR Biosciences Inc . , Lincoln , NE , USA) . We have used the Structure software ( V .２ .１ ) described in detailby Falush et al . (２００３) , which records the allele frequencies in a hypothetical�ancestral" population .

Figure 1 Comparisons o f each allele f requency
between tetrap loid E . burchan‐buddae and
hexap loid E . nutans . X ax is rep resents the
f requency o f one allele in tetrap loidE . burchan‐buddae .Y ax is shows the f requency
o f the same allele in hexap loid E . nutans .

　 　 It seemed that extra H genome had brought complexity tothe whole genetic pool of hexaploid E . nutans .Results and discussionAbove ５％ probability of allele frequency as a criterion , ８４ .
２９％ of all allele were shared by two different ploidy Elymus
plants . The rest unshared were rarely found in tetraploid E .
burchan‐buddae , however the alleles shared were commondetected in hexaploid E . nutans ( Figure １ ) . Comparing theallele frequency and base pair for two different ploidy Elymusspecies separately , it was found that hexaploid E . nutans withSt , H and Y genomes had the １ .４５ times of alleles frequencyand more bands of large size than those of tetraploid E .
burchan‐buddae with St and Y genomes . The resultsdemonstrated that tetraploid E . burchan‐buddae contained afew rare alleles and large bands that were commonly present inhexaploid E . nutans . A slightly higher allele number per locusand frequency had been detected in hexaploid T riticum aestivumcompared to the tetraploids ( Alamerew et al . , ２００４ ) . Thisconfirmed our hypothesis before experiment which higher
genetic variability in hexaploid E . nutans than tetraploid E .
burchan‐buddae . In Elymus genus , Y genome may have similargenera origin and evolution history to St genome ( Lu andBjφrn , ２００４) .
Conclusions We can deduce that it is H genome that leads toresultant difference in allele frequency and richness among twotaxonomically related Elymus species , hexaploid E . nutans andtetraploid E . burchan‐buddae .
ReferencesAlamerew S . , Chebotar S . , Huang X . Q . , Roder M . ,Andreas B . , ２００４ . Genetic diversity in Ethiopian hexaploid and tetraploid wheat germplasm assessed by microsatellitemarkers . Genetic Resources and Crop Evolution ５１ , ５５９‐５６７ .Falush D . , Stephens M . , Pritchard J .K . , ２００３ . Inference of population structure : Extensions to linked loci and correlatedallele frequencies . Genetics １６４ , １５６７‐１５８７ .L迸ve A . , １９８４ . Conspectus of the T riticeae . Feddes Report ９５ , ４２５‐５２１ .Lu B .R . , Bj迸rn S . , ２００４ . Differentiation of the S ＿ tY genomes in Elymus species as referred by meiotic pairing ininterspecific hybrids and its evolutionary significance . Chinese Biodiversity １２ , ２１３‐２２６ .
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Root colonization by arbuscular mycorrhizal fungi in plants of Lhalu Wetland
Jingp ing Gai１ ,Y an Dai ２ ,Guiz hen L i２ , He Zhou２ ,X ianglin L i１ ,Y unwei Zhang２ ,Fuyu Y ang２

倡

１ Department o f Env ironmental Science and Engineering , China A gricultural University , Bei j ing １０００９４ ,China ;
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Key words :Arbuscular mycorrhizal colonization , Mycorrhizal status ; Fens plants ; Wetland
Introduction As a typical highland marshland type wetland , Lhalu wetland is the highest and biggest urban wetland in theworld . It plays an important role in the improvement of Lhasa摧s ecological environment and is regarded as�the lung of LhasaCity"or its kidney . But in the past , it was strongly disturbed by human activities .Arbuscular mycorrhizal fungi ( AMF) havebeen proved to have potential of increasing plant diversity ( van der Heijden et al . , １９９８) , and it is also ubiquitous in wetlandhabitats ( Cooke and Lefor , １９９８ ) . It follows that mycorrhizal associations forming might be an essential part of wetlandbiological functions . We undertook this study as an initial survey of AMF colonization in fens plants of Lhalu wetland .
Materials and methods The survey was conducted at Lhalu wetland ( ９１°０３′４８ . ５″ ～ ９１°０６′５４ . ４″E , ２９°３９′４６ . ３″ ～ ２９°４１′０５ . ５″N) , which is located in the northwest of Lhasa city . Soil cores ( ６‐cm diameter) were collected to a depth of ２０‐３０ cm from １６most common plant species within the wetland on August １０th , ２００６ . Three individuals of the same plant species wererandomly selected . Healthy ( white , turgid) roots were picked from each of the soil cores for AM fungal colonization .
Results and discussion Of the １６ species surveyed , １０ formed fully developed arbuscular mycorrhizas , with arbuscules ( and/ orcoils) and vesicles in at least one individual . An additional three species hosted aseptate hyphae and vesicles characteristic ofAMF , but contained no arbuscules or coils . Three species ( H ip puris V ulgaris , Polygonum hydrop iper , and Phragmites
australis ) contained no AMF structures . Total colonization ranged from ０ to ８２ .６％ ,and arbuscular colonization ranged from ０to ５５ .６％ . In this survey , plants in the wetland belong to Cyperaceae , Polygonaceae and Juncaceae , which were presumed tobe nonmycorrhizal or rarely mycorrhizal ( Muthukumar et al . ２００４) , were colonized at different level . This result is similar tothe report of Cooke and Lefor (１９９８) .
Acknowledgements We thank the National Natural Science Foundation of China (３０２６００７３) and Scientific Research Foundationfor the new teachers ,China Agricultural University ( ２００５ ) and the British Council with the UK Department for InternationalDevelopment through their Development Partnerships in Higher Education (DelPHE ６４) program for financial support .
ReferencesMuthukumar T . , Udaiyan K . , Shanmughavel P . ２００４ . Mycorrhiza in sedges : an overview . Mycorrhiza , １４ :６５‐７７ .Cooke J .C . and Lefor M .W . １９９８ . The mycorrhizal status of selected plant species from Connecticut Wetlands and transitionzones . Restoration Ecology , ６ :２１４‐２２２ .van der Heijden M .G .A . , Klironomos J .N . , Ursic M . , et . al . １９９８ , Mycorrhizal fungal diversity determines plantbiodiversity ,ecosystem variability and productivity .Nature , ３９６ : ６９‐７２
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Studies on geographic distribution of wild Poa pratensis population and its community type in
Yangtze ,Yellow and Lancang river source region
S .H .Y ang ,Y .S .Ma ,Q .M .Dong ,J .J .Shi ,Y .L .W ang ,L Sheng and X .D .Sun
Qinghai A cademy o f A nimal and Veterinary Sciences ,No .１ Wei摧er Road ,Biological Industry Garden District ,X ining ,
Qinghai ,China ,Postcode ８１００１６ ,E‐mail :Shihai ＿ Y ang＠ yahoo .com .cn

Keywords : Poa p ratensis ,geographic distribution ,community type ,Yangtze ,Yellow and Lancang river source region
Introduction Poa p ratensis belonged to herbage plant ,which originated from Europe and northern Asia .P .p ratensis distributedwidely temperature zone of northern hemisphere .P .p rantensis whose rhizomes are very strong is a kind of rhizome plant ,theability to usurp on others space is much better ( Ma ,２００３ ) .Nowadays ,P .p ratensis plant was used to pioneer plant seed tograzing lands ,being artificial rangeland and rebuild deteriorated grassland .But the study report on geographic distribution andplant community in Yangtze ,Yellow and Lancang river( short for YYLR) source region is much less .The objective of this studywas to provide scientific reference value for further study .
Materials and methods Our study site was in YYLR source region(３１°３９′ ～ ３６°１６′N ,８９°２４′ ～ １０２°２３′E) of the east and southeastof Qinghai province . The administrative area include Yushu Tibetan Autonomous Prefecture ,Guoluo Tibetan AutonomousPrefecture ,Zeku County and Henan County of Huangnan Tibetan Automonous Prefecture ,Tongde County and Xinghai Countyof Hainan Tibetan Autonomous Prefecture and Tanggula Township which are １６ county and １ township ,and total land area inthis region is ３６６４００km２ .The climate in this region is dominated by Southeast monsoon and high pressure of Siberia and soil isalpine meadow coarse‐loam . The mean annual air temperature is‐４ ℃ ～ ３ ℃ ,and annual precipitation is ２６０ ～ ７７０mm . Wechoosed primarily six principal samples and six associated samples of typical distribution of wild P .p ratensis population withthree replications in every sample .The height ,coverage ,density and underground biomass were measured by ５０ × ５０cm２ squareframe in principal sample within ５０ × ５０m２ area ,and height and coverage measured in associated sample within ５０ × ５０cm２ area .Meanwhile ,the altitude ,longitude and altidude were recorded with Global Positioning System ,and slope direction and degreewere measured by compass instrument .
Results The wild P .p ratensis distributed from ９６°３０′２４ .９６″ E to １００°５７′３１ .２″E of longitude ,between ３３°０７′２９ .３４″ N and ３４°
４６′１２ .９″ N whose span were ４°２４′６ .２４″of longitude , １°３８′４３ .５６″of latitude ,respectively .The range of altitude is ３３６５m ～

４５００m .There are twelve plant community types that were P .pratensis ＋ Geranium spp . , P .pratensis ＋ Elymus nutans ,Potentilla , anserina ＋ P .pratensis ,Ligularia , virgaurea ＋ P .pratensis , P .anserina ＋ Aconitum , tanguticum ＋ P .pratensis ,Deyeuxia spp ＋ P .pratensis , E .nutans ＋ P .pratensis , Carex moocrof tii ＋ P .pratensis , P .pratensis ＋ Capsellabursa‐pastoris , P .anserina ＋ L .virgurea , P .pratensis ＋ Polygonum , sibiricum ,P .fruticosa ＋ Scirpus , distigmaticus ( Table １ ) . The importantvalue of P .p ratensis is ３４畅６３ ,２４畅２５ ,２６畅１２ ,１３畅４６ ,８畅９７ ,１８畅２７ ,６畅０８ ,１１畅４０ ,４７畅４０ ,３畅７４ ,２９畅５６ ,３畅６９ respectively in everycommunity .
Table1 Grassland ty pe o f each site .
site grassland type
Jimai Township ,Dari County P .p ratensis ＋ Geranium sp p .
Jianshe Township ,Dari County P .p ratensis ＋ Elymus nutans ,Potenti lla
Manzhang Tow nship ,Dari County Potentilla anser ina ＋ P .p ratensis
Mulong Gama ,Kequ Township ,Gande County L igularia v i r gaurea ＋ P .p ratensis
Mulong Wanma ,Kequ Tow nship ,Gande County P .anser ina ＋ A conitum tanguticum ＋ P .p ratensis
Longge mountain ,Suohu Rima Tow nship ,Jiuzhi County Deyeux ia sp p .＋ P .p ratensis
Zhang摧e vally ,Suohu Rima Township ,Jizhi County E .nutans ＋ P .p ratensis
Dawu Tow nship ,Maqin County Carex moocro f tii ＋ P .p ratensis
Hebei Tow nship ,Tongde County P .p ratensis ＋ Cap sellabursa － p astori
sJielong Township ,Yushu County P .anser ina ＋ L .v i rgurea
Jielong Township ,Yushu County P .p ratensis ＋ Poly gonum sibi ricum
Jielong Township ,Yushu County P .f ruticosa ＋ Scir p us distigmaticus

Conclusions Based on preliminary investigation on the field ,the wild P .p ratensis is a kind of wide ecological spectrum species . Itcould be suitable for growing in the shrub meadow ,river bank ,mountain slope and under forest .P .p ratensis population werebasically dominated species and secondary species in each plant community .So we can rehabilitate degraded alpine meadow byscattering seeds of P .p ratensis in order to change community succession stage that reached sub‐extreme community or extremecommunity .
ReferenceMa ,Y .S . ,Li ,Y .F . ,Lai ,D .Z . ,Li ,Q .Y . ,Wang ,L .Y . ,Shi ,J .J .&Dong ,Q .M .(２００３ ) .Study on cultivation and tame of Poa

p ratensis .Chinese Qinghai Journal o f A nimal and Veterinary Sciences ,３ ,６‐７ .
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The effect of growth age on alfalfa摧s aboveground biomass
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Introduction Alfalfa in different grow th ages has different dynamics of grow th ( Wu et al . , １９９７ ) . Grow th rate , biomassaccumulation and so on of ３ year and ５ year alfalfa were tested in this experiment .
Materials and methods Fixed １０ plants , measuring absolute height every １０ days . Choosing ３ plants , using harvest method ,observed single plant weight and leaf‐stem every １０ days . Using harvest method , choosing １ × １m２ plot with ３ replicationsevery １０ days , observed forage yield and calculated fresh‐dry ratio and grow th rate . Choosing １０ representative plants , and cutevery ２０ cm from root to top , obtained the community structure .
Results Plant height , grow th speed , single plant weight , forage yield of ５ year alfalfa was higher than ３ year alfalfa , the leaf‐stem and fresh‐dry ratio of ５year alfalfa was smaller than ３ year alfalfa ( Table １ ) . The change tendency of absolutely andrelatively grow th rate was increase at first and then decrease . The distribution form of alfalfa aboveground biomass was arhombus structure , which was big in the middle and point in both ends ( Table ２) .
Table 1 Plant height , single p lant weight , leaf‐stem ratio , f resh‐dry ratio and y ield o f di f f erent grow th age o f al f al f a .

Date Plant height( cm) 　 Single plant weight( g) Leaf‐stem ratio Yield ( g /m２ ) Fresh‐dry ratio ( F :D)
３ year ５ year ３ year ５ year ３ year ５ year ３ year ５ year ３ year ５ year

３ ⅱ.１０ ６ X.４ ± １ .１４ ７  .１ ± ０ .７０ １１ 忖.０８ ± ０ .２８ １２ 槝.８９ ± ０ .２６ ２ k.４２ ± ０ .０６倡倡
１ !.６７ ± ０ .０３ ４４３  .２ ± ６ .７５ ５１５ 缮.６ ± ４ .６５倡倡

７ ~.２６ ± ０ .０２倡倡
６ 4.６９ ± ０ .０２

３ ⅱ.２０ ７ X.３ ± １ .１６ ８  .３ ± ０ .７０倡
１７ 忖.１３ ± ０ .１０ １８ 槝.７６ ± ０ .５７ ２ k.３２ ± ０ .０４倡倡

１ !.４７ ± ０ .０３ ６８５  .２ ± ４ .００ ７５０ 缮.４ ± ６ .０８倡倡
６ ~.９６ ± ０ .０２ ６ 4.４０ ± ０ .０２

３ ⅱ.３０ １３ v.９ ± １ .２４ １５ ,.７ ± ０ .７１倡倡
２３ 忖.９３ ± ０ .６２ ２５ 槝.２５ ± １ .３０ １ k.７６ ± ０ .０４倡倡

１ !.２０ ± ０ .０４ ９５７  .２ ± ８ .２６ １０１０ 珑.０ ± ７ .０７倡倡
６ ~.４９ ± ０ .０２倡倡

６ 4.２２ ± ０ .２９
４ ⅱ.０９ ３１ v.８ ± １ .３０ ３６ ,.０ ± ０ .８０倡倡

３９ 忖.４７ ± ０ .０６ ４２ 槝.５０ ± ３ .４６ ０ k.９７ ± ０ .０５倡倡
０ !.７４ ± ０ .０２ １５７８ 1.８ ± ７ .１６ １７００ 珑.０ ± ５ .７７倡倡

６ ~.１２ ± ０ .０４倡倡
５ 4.８８ ± ０ .０３

４ ⅱ.１９ ５１ v.６ ± １ .４０ ６０ ,.１ ± ０ .７８倡倡
５５ 忖.１６ ± １ .５３ ６１ 槝.４６ ± ２ .７７倡倡

０ k.７４ ± ０ .０４倡 ０ !.６５ ± ０ .０４ ２２０６ 1.４ ± ８ .２９ ２４５８ 珑.４ ± ７ .５３倡倡
５ ~.７３ ± ０ .０１倡倡

５ 4.３８ ± ０ .０１
４ ⅱ.２９ ７８ v.８ ± １ .５０ ９０ ,.９ ± ０ .６２倡倡

７７ 忖.８２ ± １ .５６ １１０ 抖.３３ ± ４ .０５倡倡
０ k.７０ ± ０ .０１倡 ０ !.６２ ± ０ .０４ ３１１２ 1.８ ± ７ .８２ ４４１３ 珑.２ ± ５ .４５倡倡

５ ~.１４ ± ０ .０３倡倡
４ 4.８９ ± ０ .０２

５ ⅱ.０９ ９８ v.５ ± １ .３７ １１９ J.６ ± ０ .６０倡倡
１００ .１４ ± １ .４３ １５１ 抖.４３ ± ６ .８４倡倡

０ k.５８ ± ０ .０５倡 ０ !.４３ ± ０ .０４ ４００５ 1.６ ± ６ .２４ ６０５７ 珑.２ ± ８ .２８倡倡
４ ~.７９ ± ０ .０１倡倡

４ 4.１４ ± ０ .０１
５ ⅱ.１９ １０９ 敂.９ ± １ .４６ １３２ J.５ ± ０ .６４倡倡

１０２ .３２ ± ２ .０５ １５２ 抖.４７ ± １ .８６倡倡
０ k.６１ ± ０ .０３ ０ !.６１ ± ０ .０３ ４０９２ 1.８ ± ６ .８９ ６０９８ 珑.８ ± ７ .２３倡倡

４ ~.２６ ± ０ .０１倡倡
４ 4.１４ ± ０ .０１

５ ⅱ.２５ ４０９７ 1.０ ± ７ .６２ ６１７０ 珑.０ ± ７ .７６倡倡
４ ~.１２ ± ０ .０３倡倡

４ 4.０１ ± ０ .０２
Note : 倡 significant at the ０ .０５ level , 倡倡 significant at the ０ .０１ level in same line .

Table 2 Biomass and pattern o f p roduction o f di f f erent grow th age al f al f a摧s layer .

Height( cm) Biomass( g / plant) Leaf‐stem ratio ３ year( g / plant) ５ year( g / plant)
３ year ５ year ３ year ５ year Stem Leaf Flour Stem Leaf Flour

１４０ － １６０ 鬃６ 8.８ １ B.５４ ± ０ .０５ ２ 父.２ ３  .４ １ P.２
１２０ － １４０ 鬃７ 谮.２ ５４ G.１ ３ 殮.３３ ± ０ .３６倡 倡

１ B.１７ ± ０ .０６ ０ 湝.６ ２ �.０ ４ Y.６ １７ 乔.５ ２０ %.５ １４ _.４
１００ － １２０ 鬃５１ 殚.２ １９１ V.１ １ 殮.８１ ± ０ .０５倡 倡

１ B.０２ ± ０ .０８ １５ ǐ.０ ２７  .３ ８ Y.８ ７２ 乔.４ ７４ %.０ ４４ _.７
８０ － １００ 热１７４ �.１ ３４８ V.４ １ 殮.５１ ± ０ .０５倡 倡

０ B.９３ ± ０ .０２ ６８ ǐ.３ １０３  .１ ２ Y.４ １６８ 种.８ １５７ 4.７ ２１ _.９
６０ － ８０ 构２５４ �.０ ３２４ V.７ ０ 殮.７８ ± ０ .０３倡 倡

０ B.５７ ± ０ .０４ １４３ 汉.０ １１１  .０ ２０６ 种.６ １１７ 4.４ ０ P.６
４０ － ６０ 构２０７ �.９ ２６０ V.４ ０ 靠.３２ ± ０ .０４ ０ B.２８ ± ０ .０７ １５７ 汉.７ ５０  .２ ２０２ 种.９ ５７ %.５
２０ － ４０ 构１６８ �.０ １８６ V.０ ０ 靠.０５ ± ０ .０１ ０ B.０４ ± ０ .０１ １６０ 汉.５ ７ �.５ １７８ 种.４ ７  .６
０ － ２０ *１６１ �.８ １７０ V.８ １６１ 汉.８ １７０ 种.８

Conclusions Cutting at full bloom , the average height of ５ year alfalfa is １３２cm , higher than ３ year alfalfa １０９cm . The grow thspeed of ５ year alfalfa was higher than ３ year in each stage ( P ＜ ０ .０１ ) . The single plant weight of ５ year alfalfa was １５２ .４７g ,heavier than ３ year １０２ .３２g ( P ＜ ０ .０１) . The leaf‐stem ratio of ３ year alfalfa can reach ０畅５８ ～ ２ .４２ , higher than ５ year alfalfa
０ .４３ ～ １ .６７ ( P ＜ ０ .０５) . The forage yield of ３ year alfalfa can reach ４ .１０ kg /m２ , heavier than ５ year ６ .１７ kg /m２ ( P ＜ ０ .０１) .The fresh‐dry ratio of ３ year alfalfa can reach ４ .１２ ～ ７ .２６ , higher than ５ year ４ .０１ ～ ６ .６９ ( P ＜ ０ .０１) .
ReferenceWu , Q . , Song , J . & Niu , F .Y . (１９９７) . Study on the dynamics of aboveground biomass of alfalfa Meadow . Grassland o f

China , ６ , ２１‐２４ .
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Storage and output of bud banks on rhizomes of different age classes of reed population in the dry
land habitat in alkalinized meadow in the Songnen Plains of China
Y ang Yun‐f ei , Zhang Bao‐tian
Key L aboratory o f Vegetation Ecology , M inistry o f Education , Institute o f G rassland Science , Northeast Normal
University , Renmin Street , ５２６８ ,Changchun １３００２４ ,China , E‐mail : yangy f ＠ nenu .edu .cn

Key words : reed , rhizome , age class , bud bank , alkalinized meadow , dry land habitat
Introduction Reed ( Phragmites communis ) , a rhizome clonal grass , has extensive ecological adaptability and distributes broadlyworldwide ( Ekstan , １９９５) . Regeneration and renewal of wild reed populations mainly depend on vegetative propagation . Reedis a fine foraging grass and its protein content is higher than that of other grasses in dry land habitats at vegetative grow thstage . However , reed usually exists as a companying species into different patches of communities on alkalinized meadow in theSongnen Plains of China .
Materials and methods The rhizomes of single dominant reed community were all sampled three times , in July , August andSeptember , respectively . All rhizomes within the １ m３ space which was １ m wide and １ m deep to reach the deepest rhizomes ofreed were dug every time . The color of reed rhizomes became darker with ageing . Furthermore , the combining with elsecharacteristics , the age of each rhizome could be judged ( Yang et al . , １９９８ ) . According to the current state of the rhizomenode buds , both dormant and bourgeoned buds were counted . The relative ratios of the dormant and bourgeoned buds werecounted in term of age classes and statistics analysis was regarded , respectively .
Results The changing trends of dormant bud ratio and bourgeoned bud ratio were obviously contrary to each other in bud banksof ６ age class rhizomes at the three grow th stages . The buds in different age classes all had an output course of accumulatedbourgeons . Further statistic analysis showed that the dormant bud ratios and bourgeoned bud ratios were both linearlycorrelated with age classes at extremely significant level at three grow th stages . Their simulated equations as well assignificance tests were in figure １ . The �a�value of dormant bud ratio in equations decreased gradually with the change ofgrowing season , but that of bourgeoned bud ratio increased gradually . These results indicated that in the late growing season ,some dormant buds of １st age class rhizome bourgeoned and outputted one after the other . Although the parameter�b�did notshow regular seasonal changes , the absolute values that were �b�value of dormant bud ratio decreased or �b�value ofbourgeoned bud ratio increased with age class remained the same on the whole . This indicated that both decrease of dormantbud ratio and increase of bourgeoned bud ratio had great consistency .

　 　 　 Figure 1 Simulated linear equations and signi f icance tests on
relationships between bud ratios ( y ) both dormancy and bourgeoned
and age classes ( x ) in the bud banks o f reed rhizomes .

Conclusions Reed rhizomes usually livefor ６ years and distribute in depthsalong the one meter range below soilsurface in dry land habitat in thealkalinized meadow . The storage ofbud banks of the rhizomes every ageclass was a steady output course ofaccumulated bourgeons . Thedormant bud ratios decreased andbourgeoned bud ratios increased
gradually with the age classes . Thequantitative relationships were alllinear equations between ratios boththe dormancy buds and thebourgeoned buds and age classes inthe reed rhizomes at three grow thstages .
ReferencesEkstan , B . , ( １９９５ ) . Ramet sizeequalization in a clonal plant ,

Phragmites australis . Oecologia ,
１０４ , ４４０‐４４６ .Yang , Y . F . , Lang , H . Q . ,
(１９９８) . A study of population regulation of Phragmites communis as a clonal plant in different ecological conditions . A cta
Prataculturea Sinica , ７ ,１‐９ .
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Changes of CAP of creeping bentgrass as affected by light intensity during summer stress
Y ang Zhimin1 , L i Zhihua2
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Key words : turfgrass , creeping bentgrass , light intensity , shade , photosynthesis
Introduction There is no report on colony photosynthesis of creeping bentgrass ( Agrostis stolonifera ) under different lightintensity . The objective of this study was to provide reference for variety selection and heat resistance regulation of evergreenturfgrasses of transitional climate zone by discussing response pattern of the colony apparent photosynthetic rate of creepingbentgrass under different light intensity in high temperature season in Nanjing .
Materials and methods The site was on farm of Nanjing Agricultural University ( １１９°１１′E , ３２°０８′N ) . Mean temperature inhottest month was ２８ .１ ℃ . From Sep ２００４ to Nov ２００５ , treatments were orderly imposed in ４ split blocks with sprinklerirrigation system . T reatments were natural lighting , slight shading , medium shading and heavy shading , maximum daily lightintensity were approximately apart １９００ , １１００ , ５５０ and ９０μmol .m‐２ 爛 s‐１ . The grass was creeping bentgrass L‐９３ design with
３ replicates . Area of every plot was １ .３ × ２ .０m２ . The plots were shaded all‐day with black PVC shade net . The colony
photosynthesis indexes were mensurated with LI‐６４００ portable photosynthesis system . Colony apparent photosynthesis( CAP)was calculated with the formula :CAP ＝ △ C/１０６ × V × ３６０ / △ M × ２７３ / (２７３ ＋ T ) × ４４ /２２ .４ × P/７６０ × １０００ / L (１ )Where △ C was concentration difference of carbon dioxide , V was volume of assimilation box , △ M was mensuration time , Twas temperature in assimilation box , L was land area which assimilation box occupied , P was atmospheric pressure ( LiShaokun , ２０００) .
Results Diurnal process of photosynthesis of creeping bentgrass could be generalized five modes under different light intensity inhigh temperature season in Nanjing area , namely typical single peak , table single peak , siesta single peak , typical double peakand atypical double peak . CAP of creeping bentgrass on the last ten days of Jul was lowest , the value was lower ( P ＜ ０ .０５ ) orextremely lower ( P ＜ ０ .０１ ) than that in Jun , Aug and Sep . The phenomena of light saturation happened from Jul to Sep undernatural lighting and slight shading , in Jun under medium shading ( Figure １ ) .

Figure 1 L ight saturation point o f photosynthesis o f creep ing bentgrass under natural lighting .

Conclusions In high‐temperature season , CAP of creeping bentgrass decreased with monthly temperature rising and shadedensity increasing . As months and shade density increasing , light saturation point from Jul to Sep falled , but the saturatedCAP falled with light saturation point reducing . When light intensity was less than ４１２ .８７μmol 爛 m‐２ 爛 s‐１ , light saturation
phenomena disappeared .
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Influence of different sampling strategies on the relationship of biodiversity and grassland
primary production
L iang Zhao１ , H uimin Y ang２ ,Zhongling L iu３ , Honglang X iao１ ＊

１ Cold and A rid Regions Env ironmental and Engineering Research Institute , CA S , L anz hou ７３００００ ,China ;
２ College o f Pastoral A griculture Science and Technology , L anz hou University , L anz hou ７３００２０ ,China ;
３ Inner Mongolia University , H uhhot ０１００２１ ,China ;
倡 Corresponding author . E‐mail : z haol＠ lz u .edu .cn

Key words : sampling strategy , species richness , species evenness , production , phenological separation
Introduction The relationship between biodiversity and ecosystems function ( primary production shown in most studies) is a keyissue for ecologists . The maximum community biomass in August was used as production in almost all studies . Someresearchers suggested that a multi‐harvest sampling strategy may be better in grassland communities ( Hooper and Dukes ,
２００４ ) . A three‐year study was conducted in a natural grassland community to test the influence of the sampling strategy on therelationship between biodiversity and grassland primary production .
Materials and methods Three plots were selected , and fenced in different years . From May to September , all live grass wasclipped every two weeks for three years . The maximum biomasses for each species during the growing season were summed asthe total annual primary production ( TANPP) , while the maximum biomass of the community in lateAugust was indicatedBmax . Both species richness ( S) and independent species evenness ( E) were used as diversity indices .

Results and discussion Species richness had a positive relationship with both TANPP and Bmax in all three years . Speciesevenness had a positive relationship with TANPP in all three years while it had a negative relationship or non correlation withBmax . These results showed that complementary effect and sampling effect were confused with different sampling strategies
( Mulder et al . , ２００４ ) . This may suggest that phenological separation is an important factor for interpreting the relationshipbetween diversity and production in seasonal grassland communities .
Acknowledgement This work was supported by Chinese Academy of Sciences Action‐Plan for West Development ( KZCX２‐XB２‐
０４) .
ReferencesHooper , D .U . , Dukes , J .S . , ( ２００４ ) . Overyielding among plant functional groups in a long‐term experiment . Ecology

Letters ７ , ９５‐１０５ .Mulder , C .P .H . , Bazeley‐Whiter , P .G . , Dimitrakopoulos , A , Hector , M . Scherer‐Lorenzen . Schmind , B . , ( ２００４ ) .
Species evenness and p roduction in ex perimental p lant communities . Oikos １０７ , ５０‐６３ .
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Response of dominant species population importance value to different grazing systems in Stipa
breviflora steppe
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Introduction The impact of grazing on the vegetation is an important field of grazing ecology . Most of that rational grazings canimprove forage grow th and livestock production . It can also improve grassland and prevent grassland degradation (Martin .SC ,
１９８８ ; Wei Zhijun et al ,２００３ ) . Studied on dominant population importance value of desert grassland communities underdifferent grazing system may explore reasonable grazing system and provide a theoretical basis for the sustainable use of
grassland resources .
Materials and methods The study site is located in Stipa brev i f lora desert steppe in Sunit Right Banner of Inner Mongolian(４２°
１６′２６″N 、１１２°４７′１７″E) .Annual‐mean temperature is ６ .２ ℃ and average precipitation is ２０９ .１２mm . Dominant vegetation is thecommunity of Stipa brev i f lore and Cleistogenes songorica and A llium poly rhiz um . The experimental treatments werecomposed of a continuous grazing plot of ３４０hm２ , a rotational grazing plot of ３２０hm２ divided into ８ smaller , equally sized plotsand a grazing exclusion plot of １hm２ , which has not been grazed since １９９９ . Stocking rate on grazing plots was １ .２５sheep/hm２ . The height , density , coverage of plant community were measured .
Results and discussion Throughout the grazing season , the importance value of Stipa brev i f lora in continuous grazing washigher than that in rotational grazing ( Figure １ ) .With continuation of grazing , the importance values of Stipa brev i f lora inrotational grazing plot and the banning grazing plot showed downward trends , in contrast to the upward trend in continuous
grazing plot . The importance values of Cleistogenes songorica and A llium poly rhiz um in rotational grazing plot were higherthan those in continuous grazing plot .

Figure 1 Importance value o f dominant population under di f f erent graz ing systems .

Conclusions Stip a brev i f lora of grazing tolerance poor palatability forage was enhanced in continuous grazing . Rotationalgrazing increase the role and status of Cleistogenes songoricaand A llium polyhiz um of better palatability forage .
ReferencesMartin . SC , (１９８８) .Vegetation respose to Santa Rita grazing system . [ J] J . Range . Manage ４１(４) :２１９‐２９５ .Wei Zhijun , Gao Yadai , Yuan Xiaodong , Ji Jiapeng , ( ２００３) . Response of Population Feature to Different Grazing Systems inTypical Stepp ,Grassland o f China ２５( ６) :１‐５ .
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Clonal morphology of Artemisia f rigida in the grassland with different degradation
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Key points :Artemisia frigida population ,degraded grassland , clonal architecture , clonal grow th ,patchiness of resource
Introduction Overgrazing caused the degradation of grassland and affected the structure of plant communities .Grazing‐induceddegradation leads to the essential resource for grow th and reproduction of plants are heterogeneously distributed .Clonal grow thenables chonal plants to vigorously spread in horizontal space in many stoloniferous and rhizomatous plants ,the connections( i .e . ,stolons and rhizomes) between the ramets may occupy patches differing in resource supply .Phenotypic plasticity is assumedto be a strategy for clonal plants to cope with resource heterogeneous environments .Clonal plants through clonal grow th andchonal morphology to acquiere heterogeneously‐distributed resource efficiently . A . f rigida is a native perennial shrub thatoccurs primarily on degradated rangelands . It has the ability to produce offspring through clonal propagation and sexualreproduction .in degradated grassland .through its clonal grow th it not only to acqire resource but also play important role insand fixation and wind erosion control .
Materials and methods The study area locates near the national grassland ecosystem research station ( １１６°１４′E ,４１°３７′N , and
１４３０m in altitude) . According to the communities types ,divided four degeneration gradations .There were １０ subsamples forthe A rtemisia f rigida in each plot . In order to identify the branches , plants were sampled with shoots and roots connected .Other species were disposed of .For the target species , the number of modules ( including genets and ramets ) per sample wascounted . Internode lengths were measured . The combined data from each degeneration gradation ,subsamples were subjected toa one‐way ANOVA for degeneration and Duncan Multiple range test .
Table 1 The basic situation o f p lots .
Degradation
Gradation Communities types

Light Degradation L .chinensis ＋ A grop y ron cristatum ＋

A .f r igida ＋ tussock grass

Middle Degradation L .chinensis ＋ S .grandis ＋ A . f r i gida
＋ tussock grass

High Degradation A .f rigida ＋ Cleistogenes squar rosa ＋

P .acaulis ＋ tussock grass

Ex treme Degradation P .acaulis ＋ A .f rigida ＋ small tussock
grass

Table 2 Clonal morphology o f A .f rigid .
Degradation
Gradation Spacer Length( cm ) Branching Intensity

( indm － １ )

Light Degradation ３ 热.４０a １９０７ �.２a

Middle Degradation ２ 热.６３b ２１８４ �.５a

High Degradation １ 热.１５c ２６７５ �.６b

Ex treme Degradation １ 热.０７c ２８５０ �.４b

NOTE :T reatments with different letters in one column are significantly different at the p ＜ ０ .０５ level .
Results ANOVA results showed highly significant effects of degeneration on internode length of stolons and branchingintensity ,indicating that internode length of stolons and branching intensity responded to each habitat . Internode lengthdecreased in A .f rigida and branching intensity increased with the aggravation of degradation
Conclusions Clonal grow th and clonal morphology of A . f rigida responded markedly to degradated grassland ,in differenthabitats ,the species responded differently .The plasticity of A . f rigida of clonal grow th and clonal morphology in response toresource heterogeneity corresponds partially to the alternations of the number and magnitude of modules
Referencesde Kroon H . ;Hutchings M J . (１９９５) .Morphological plasticity in clonal plants : the foraging concept reconsidered . Journal o f

Ecology , ,８３ , １４３‐１５２ .Li jinhuaLi zhenqing ,Ren jizhou .( ２００５ ) .Effect of grazing intensity on clonal morphological plasticity and biomass allocationpatterns of A rtemisia f rigida and Potentilla acaulis in the Inner Mongolia steppe . New Zealand Journal o f A gricultural
Research ,４８ ,８２２８‐８２３３ .
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Dynamics change of Water‐Soluble Carbohydrate contents in roots system during greening stage
of Leymus chinensis populations in Saline‐Alkaline Soil on the Songnen Plains of China
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Introduction Water‐soluble carbohydrate( WSC ) plays an important role in metabolism of the plant . It is reported that it isindispensable for plants to turn green and to endure stresses . In spring , the grow th of plants strongly depends on the reservesaccumulated during the previous seasons . In late April , Leymus chinensis began to turn green , during the process , aconsiderable amount of WSC from its roots system ( including rhizomes , tilling nodes and adventitious roots) must be consumedto grow th . The dynamics change of WSC contents in roots system can be used as an indicator of its grow th .
Materials and methods The experiment was conducted in a large area with single dominant L . chinensis populations in saline‐alkaline soil in Daqing city , in Heilongjiang province ( １２５°０９′E ,４６°３５′N ) . The chemical characteristics of the saline‐alkalinesoils have been measured first ( Figure １) . During late April and Mid‐May( no rainy days) , A sampling every ３ days ,excavatedup to a depth of ０ .２m below the ground in the same area(２５ × ２５cm２ ) .Contents of WSC were determined quantitatively usingthe colorimetric anthrone method . Each sample was tested three times . The WSC content was obtained using the flowingformula : C ＝ ( SC 爛 SV 爛 DSR/ SM 爛 １０

‐３ ) × １００％ ,where C is the content ( ％ ) , SC is the sample concentration ( mg / L ) , SVis the solution volume ( mL) , SDR is sample dilution ratio , and SM is sample mass ( mg) .

Figure 1 The chemical characteristics o f the
saline‐alkaline soils (0‐20cm) . 　 　 Figure 2 Dynamic change o f w ater‐soluble carbohydrate

contents in roots o f L .chinesis .

Results WSC contents in roots system of L . chinensis significantly decreased at first , then slowly to increase from germination
period to greening grow th( Figure ２) ,The trend of changes in WSC contents shows the regression equations : y ＝ ‐０ .０９３x３ ＋ ２ .
０５３x２‐１３ .２６３x ＋ ４３ .８３９( R２

＝ ９９８９) .
Conclusions From germination period to greening stage , abundant stored matter was consumed . WSC stored were continuouslysupplied to the aboveground for grow th . So the contents significantly decreased . With the grow th of plants , the species can getcertain photosynthetic products which prevent WSC from continuing to decrease , but weaken to store and almost balancebetween grow th and decline . Besides in response to initial grow th , the contents of WSC still need to resist the adverseconditions , such as low soil temperature , high pH and salty stress . The experiment confirmed that the L . chinensis populationenvironmental adaptability and can improve the Saline‐Alkaline soil .
ReferencesX .M .Ding ,Y .F .Yang .(２００７) .Variations of water‐soluble carbohydrate contents in different age class modules of L .chinensis ,Populations in Sandy and Saline‐Alkaline Soil on the Songnen Plains of China Journal o f Integrative Plant Biology ,４９
(１５) :５７６‐５８１ .
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The study on the inflorescence differentiation of Bromus ciliatus L .cv . Xilinguole
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Introduction Bromus ciliatus L .cv Xilinguole is a good and important forage . In this research the inflorescence differentiation ofthe varieties and the difference of three lines ( ９７０１ ,９７０８ , ９７１４ ) which are chosen from the Bromus ciliatus L .cv Xilinguolewere studied . It provides the theoretical basis for production and reasonable utilization of Bromus ciliatus L .cv . Xilinguole . Itis also important for breeding the new varieties .
Materials and methods The materials were planted in the Experimental Station of Inner Mongolia Agricultural University .
The differentiation process of nutrition growth cone and reproductive growth cone ５０ plants which have the similar heftiness andheight with Bromus ciliatus L .cv Xilinguole were chosen from first ten days of April . Observe the plants every one day . Weshould observe from the buds of tillering , when the spikelet pumped , and take the buds observed .When the inflorescence canbe seen , paying attention to the inflorescence . After heading , taking the top of spikelet studied . When floret beginsdeveloping ,taking the first and second spikelet studied . Take photos by Olympus .
Comparis inflorescence differentiation of different lines of Bromus ciliatus L . Take three lines of ９７０１ , ９７０８ , ９７１４ go public .Observing anatomy and take photo the plants every two days .
Results Tip meristem is Hemisphere ,when it is at the stage of the vegetative grow th phase . New leaf primordium produces fromthe basal of grow th cone continually . The plant which is at this stage has １‐３ leaves . The grow th cone elongate . ,when it is atthe stage of the single edge phase . Bract primordium can be found . The plant which is at this stage has ４‐５ leaves . Spikelet
primordium produces from the leaf axil of Bract primordium , when it is at the stage of the double edge phase . Spikeletprimordium and Bract primordium compose the double edge , spikelet primordium produces top‐down process . The plant whichis at this stage often has ６‐８ leaves . At the stage of spikelet differentiation stage , floret primordium produces from the leaf axilof the lemma primordium . It starts from below . The plant which is at this stage has more than ８ leaves . The stamen primordialdifferentiated earlier than the pistil primordial , when it is at the stage of floret differentiation .The floret which is at the bottomdevelops faster than the top one . Stamen and pistil develop and maturate at the same time .

Conclusions The grow th cone of these three kinds is hemispherical , when they are at the tillering stage . The kind of ９７１４ whose
processes of grow th cone is more obviously than the other two kinds , when it is at the booting stage . The kind of ９７１４ developsfast , when it is at the previous booting stage , for it stays longer at the single edge phase and double edge phase . At the floretdifferentiation stage , stamen of ９７０８ is more mature , at the same time lemmas of ９７１４ are lagging growing .
ReferencesMartin M L and R J Field , ( １９９３ ) , A development scale for perennial ryegrass . In p roceedings o f the X Ⅶ International

G rassland Congress ,１６７９‐１６８０ .Hare M D ,( １９９３) , Effects of time and rate of application of the grow th regulators paclobutrazol and flurprimidol on seed yieldin tall fescue .Proceedings o f the X Ⅶ International G rassland Congress ,１６５８‐１６６０ .
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Grassland resource in Hebei province of China
Yu H ailiang１ ,X u Minyun２ ,L i L ianshu１ ,L i Y unqi２ ,L i Jiax iang１ ,Gen Jinshan ３ Y ang H aiyan ４

１ Grassland Management Station o f Hebei Prov ince , Shi j iaz huang , Hebei , P .R .China ０５００３１ ; ２ A nimal Science and
Technology College o f Hebei A gricultural University , Baoding , Hebei , P . R . China ０７１００１ ;３ Grassland Management
Station o f Fengning County , Fengning , Hebei , P .R .China ００６８３５０ ;４ A griculture and H usbandry Bureau o f Chicheng
County , Chicheng , Hebei , P .R .China ０７５５００ )

Introduction Hebei Province is located in the northern part of the North China Plain extending into the Inner MongolianPlateau .Beijing , the capital of China , and Tianjin , the important trading port in north China , are all situated at the center ofthe province . The total area of the province is １９０ ,０００km２ , ２６ .３％ of them are grassland which equals to ５ million hm２

The province has a temperate continental monsoon climate , which varies greatly due to its vastness , and most of the territoryhas clear‐cut seasons . Its annual sunshine time is ２４００‐３１００ hours , annual frost‐free period １２０‐２００ days , annual precipitation
３００‐８００mm , and annual average temperature is from ０ centigrade to １３ centigrade .
The distribution characteristics and types of Hebei grassland resources According to the vegetation characteristics and thedifference of distribution , grasslands of Hebei can be divided into ５ regional patterns . They are Bashang ( highland ) area ,mountainous area of north Hebei , basin and mountainous area of north‐west Hebei , mountainous area of west Hebei , Hebei
plain terrain . The grasslands are classified into ６ types : temperate meadow‐steppe type , temperate steppe type , low landmeadow type , high‐cold meadow‐steppe type , warm‐temperate herbosa type , warm‐temperate shrub herbs type .
The forage yield and carrying capacity of Hebei摧s grassland
Forage yield Grassland in North West region ( Zhangjiakou and Chengde) of Hebei with good hydro‐thermal conditions and ５‐７months of growing period has the high forage yield in Hebei Province . According to the Hebei Provincial GrasslandManagement Station摧s monitoring data( ２００７ ) ,the forage plants ratoon easily and the grass coverage of the grassland is morethan ６５‐７５％ .The height of the herbaceous layer is over ３０‐４５ cm .The average yield of hay per unit per year is １５９２ .４ kg /hm２ .a , the output amounts to ５ .９３ million tons per year .
Carrying capacity The carrying capacity is ２４ .６６ million Sheep equivalent units of the whole Hebei Province , nature grassland
４８ .５％ and crops stallks ５１ .５％ of that total .
Utilization , conservation , improvement and construction The positive efforts made by the Hebei People摧s Government forecological improvement and biodiversity protection in the past five decades have acquired signal success . A number of eco‐construction projects are initiated , such as reforestation , natural forest protection , Beijing‐Tianjin sand‐source control , natural
grassland restoration and consummate more grassland family contracting system and etc . It execute that the pasture enclosurefeeding ,forbiding breed , building man‐made grassland feed basement properly ,persue breeding in house or fold . Since ２０００ ,
planted or improved grassland has reached ８３３０００ hm２ . The grass industry and the husbandry in Hebei province are achieving
gradual development , becoming more large‐scaled and stronger .
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Comparison on water‐stress tolerance of three alfalfa varieties
Zhao j inmei1 , Zhou He2 , Sun Qiz hong1

1 G rassland Research Institute , CA A S , Wulanchabu East Road 120 , Huhhot , 010010 , China , E‐mail :z hao j inmei 3276 ＠

126 .com , 2 College o f A nimal Science and Technology , CAU , Y uanmingyuan West Road 2 , Bei j ing , 10094 ,China

Key words : alfalfa , water stress , betain , ABA , net photosynthesis rate , stoma conductance
Introduction Alfalfa ( Medicago stiv ia L .) is a legume forage with high production and excellent quality , and is cultivated in themost world . In China , alfalfa mainly is plants in the arid and semi‐arid zones . So it always suffers water‐stress which effectedalfalfa performance . The study compared three alfalfa varieties on the change of drought physiological indexes and their droughttolerance (Xing , Rajasheka , ２００１) .
Materials and methods Three alfalfa varieties were planted in pots in greenhouse . Water‐stress treatment was controlled byweighing pot every two days . In this experiment , there were four drought levels , including CK , LS , MS and SS . Leafe betaincontent , ABA content , net photosynthesis rate ( NPR) and stoma conductance were measured .
Results Zhongmu１ and Aohan had higher betain content than Queen under water stress ( Figure１ ) . There had two changemodels of ABA content , double‐apex model and single apex model respectively . ABA accumulation of double apex varieties wasearlier than that of single apex variety . Among the alfalfa varieties , Aohan摧 NPR was highest under water stress . The mainfactor of alfalfa NPR was stoma closure in this experiment But under SS treatment , Queen摧s stoma conductance significantlyincreased , extra‐cell CO２ concentration also increased ( data not show ) , so the main factor of Queen摧s NPR was non‐stomaeffect ( Gunaselera , Berkowits , １９９２ ) .

Figure 1 The change o f betain content , A BA content , N PR , stoma conductance o f three al f al f a varieties under di f f erent
w ater stress degrades .

Conclusions Based on the change of three alfalfa varieties on betain content , ABA content , net photosynthesic rate and stomaconductance under water stress , betain osmoregulation and ABA stress inducement are the most important mechanism of alfalfawater‐stress resistance and acclimation . Queen is less tolerance to drought than Aohan and Zhongmu１ ,and has different water‐stress tolerance formability .
ReferencesGunasekera D . , Berkowits G .A .( １９９２ ) . Heteopnious stomatal closure in response to leaf water deficits is not a universalphenomenon . Plant Physiol , ９６ , ６６０‐６６５ .Xing W . ,Rajashekar C .B . (２００１) . Glycine betaine involvement in freezing tolerance and water stress in Arabidopsisthaliana . Env iron Ex perimental Botany ,４６ , ２１‐２８ .
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Technique of plant regeneration from immature inflorescence of Pennisetum Purpureum in Vitro
ZHONG X iaox ian ,S H E Jianming ,GU Hongru , ZHA NG Jianli
Institute o f animal Science , Jiangsu A cademy o f A gricultural Sciences , Nanj ing 210014 .E‐mail :x iaox ian＠ j aas .ac .cn

Key words :Pennisetum Purpureum ,immature inflorescences ,in v itro ,callus ,plant generation
Abstract Immature inflorescences of Pennisetum Purpureum and MS improved and were used for explant and basic culturemedium . Effects of development period of immature inflorescences and hormone compositions of different kinds and ration oncallus induction and plant regeneration were studied . Results indicated that ２ ～ ５ cm immature inflorescences was optimum .The frequency of callus of compact , small pellet induction reached separately ７９ .０ ％ and ７２ .６％ in the callus induction mediumsupplemented with ４ .０mg/ L ２ ,４‐D ＋ ０ .０５ mg/ L KT and ４ .０mg/ L ２ ,４‐D ＋ ０ .１ mg /L KT ( Figure １ ) . During subculture ,Callus of small pellet were maintained ４０ .９％ and ７４ .０％ in the callus subculture medium added ３ .０mg/ L ２ ,４‐D ＋ ０ .２ mg /L
６‐BA . The rate of green plant regeneration of small pellet callus from subcultures reached respectively ３６ .４％ and ３８ .５％ inthe differentiation medium supplemented with ２ .０mg /L CPPU ＋ ０ .０１mg /L NAA or ０ .５mg/ L KT ＋ ０ .５mg / L IAA . Green
plant of regeneration with three leaves was transferred to root vigor medium added ０ .５ mg/ L NAA in １ /２ MS basic culturemedium ( Figure ２) . The survivor rate of green plant cultured in soil reached above ９５％ ( Figure ３) . It was a simple effectivemethod to overcome the obstruction of plant generation by selecting the callus of dry , compact , small pellet in early generation .

Figure 2 The intact p lantlets
f rom immature in f lorescences
o f Pennisetum Purpureum .

　 Figure 1 Calli o f dry , compact , small
pellet .

　 Figure 3 Regenerated p lant transp lanted in
soil .
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Influence of stress on physiological‐biochemical characteristics of three Atriplex L plants
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Introduction The A trip lex L . plants are the typical plant in arid and semi‐arid regions of the world . It is reported that many
A trip lex L plants have more strengthen of drought stress and salt‐resistance ( ASLAM et al . ,１９８６ ;Jos e Ramos et al . ,２００４) .We introduced ３ kinds of A trip lex L plants to improving atrocious environments , especially in salina and less rainfall areas .Therefore , to understand the physiological‐biochemical characteristics of ３ plants is very important .
Materials and methods The experimental materials are yearold seedlings of A trip lex canescens ssp . A p tera , A trip lex canescensssp . canescens var . laciniata Parish and A trip lex canescens ( Pursh ) Nutt which were placed in greenhouse and tested theinorganic ion content beforehand . Three plants above signed as A ,B ,C . Drought stress contains ４ levels which signed as D１ ,D２ ,D３ ,D４ , corresponding is ６０％ ,４５％ ,３０％ ,２０％ of saturated soil water content , using TSC‐V moisture teller to supplylosing water everyday . Salt stress ( NaCl : Na２ SO４ ＝ １ :１) contains ５ levels as S１ ,S２ ,S３ ,S４ ,S５ , which corresponding is ０ .１％ ,
０ .３％ ,０ .５％ ,０ .７％ ,１ .０％ of soil weight . Set no stress as contrast ( CK) and ３０d for test , ５ repeats . Indexes included SOD ,POD , MDA , and Water holding capacity of leaves .
Results Along with the increasing of drought stress , SOD of plant A was increasing from CK (２６８ .５８u/ g ) to D１ (４８３ .６３u/ g ) ,and then gradually decreased from D２ to D４( f rom ３０６ .１３ to ２３３ .２６u/ g ) . However , plant B and C was decreased . Under saltstress , SOD of ３ plants was all decreased . POD of three testing plants were all decreased under drought and salt stress , inwhich plant C were significantly different to other ２ plants ( p ＜ ０ .０１ ) . MDA was the product of plasmalemma that understress , it is all increased under drought and salt stress , in which D４ of A ,B and C owned the highest value as ３６ .４９ ,３２ .６５ and
２８ .３３ ( μmol/ g ) . Water holding capacity of ３ plants is B ＞ A ＞ C ( Figure １ ) .

Figure 1 Leaves w aber holding cap acity o f ３ test p lants .

Conclusions Under drought / salt stress , three A trip lex L plants exhibited a good resistance in a smaller change between CK andlow‐grade stress . At high‐grade stress , the grow th of three plants was all repressed seriously . Meanwhile , ３ plants showedmore repressed along with the increasing of stress grade . SOD and POD were protector of plasmalemma . Under adversity , ３
plants can rapidly increase the content of these substances to resisting stress .
ReferencesAslam Z . , Jeschke W .D . , Barrett E .G . , Setter T .L . , Watkin E .and Greenway H .(１９８６) . Effects of external NaCl on thegrow th of A trip lex amnicola and the ion relations and carbohydrate status of the leaves . Plant , Cell and Env ironment , ９ :

５７１‐５８０ .Jos摧e Ramos , Mar摧a Jes摧us L摧opez and Manuel Benlloch ( ２００４ ) . Effect of NaCl and KCl salts on the grow th and soluteaccumulation of the halophyte A trip lex nummularia . Plant and Soil , ２５９ : １６３‐１６８ .
Acknowledge :Thanks of ３０７７１７６５ ,２００５‐４‐１５ and ３８８１４ proieets provide finaneial aid .
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Quantitative classification of subalpine grassland under degenerate succession in northwest
Sichuan
ZHOU Jia‐ f u , GA N You‐min , L I Zhi‐dan , WA NG Qin and CHENG Ping
Sichuan A gricultural University , Y a摧an , China , E‐mail :ar f ooz hou＠ yahoo .com .cn

Key words : subalpine grassland , degenerate succession , TWINSPAN , association , north‐west Sichuan
Introduction The northwestern Sichuan is located at eastern margin of Qinghai‐Tibet Plateau , in which the vegetation is typicalsubalpine meadow . Two‐way Indicator Species Analysis ( TWINSPAN ) , which was adopted to conduct the multi‐analysis ofthe florae , was used to study the distribution patterns of subalpine grassland communities under degenerate succession in theregion .
Materials and methods The pathway expedition on subalpine grassland in Hong‐Yuan County was carried out for three yearsfrom ２００５ to ２００７ . The marsh , shade slope , flat and sunny slope were chosen to set up research sites . On base of thoseterrain , ４５ sampling plots were investigated in non‐degraded , lightly degraded , moderately degraded and severely degradedsubalpine grassland . Using Importance Value as the measuring index , the ４５ × ７１ matrix was formed . Then through analyzingwith the sof tware PC‐ORD , Two‐way Ordered Table was obtained .
Results ４５ sampling plots were divided into １３ groups by TWINSPAN . And in combination with the ecological characteristics ,they were classified into １２ associations ( Figure １ ) : ( Ⅰ ) Poa annua＋ Plantago asiatica ＋ Thlasp i areven , ( Ⅱ ) Carum carv i
＋ Elymus dahuricus , ( Ⅲ ) Carex alro f usca ＋ Plantago asiatica ＋ Ranunculus tanguticus , ( Ⅳ ) Kobresia p ygmaea ＋

A nemone rivularis , ( Ⅴ ) Kobresia setchwanenesis ＋ Polygonum v iv parum ＋ Stellera chamae j asme , ( Ⅵ ) Kobresia
setchw anenesis ＋ Potentilla discolor , ( Ⅶ ) Kobresia setchw anenesis ＋ Saussure j aponica ＋ Geranium pylzow ianum , ( Ⅷ )
Festuca rubra ＋ A ster alp inus ＋ Deschampsia caesp itosa , ( Ⅸ ) Elymus nutans ＋ Deschampsia caesp itosa , ( Ⅹ ) Carex
muliensis ＋ Kobresia setchwanenesis , ( Ⅺ ) Kobresia setchwanenesis ＋ Carex muliensis ＋ Sanguisorba parv i f lora , ( Ⅻ )
Caltha scaposa ＋ Blysmus sinocomp ressus ＋ Deschampsia caesp itosa .

Figure 1 Dendrogram o f TW INSPA N classi f ication .

Conclusions The TWINSPAN results showed that distribution pattern of associations were mainly affected by the leadingecology factor of humidity and the gradient in degeneration of subalpine grassland . Community composition diverged distinctdifferent groups between non‐degraded and severely degraded subalpine grassland . While moderately degraded shade slope andlightly degraded sunny slope , or lightly degraded flat , shade slope and moderately degraded sunny slope had the similarcomposition characteristics of community .
ReferencesMcCune , B . & Meford , M .J . (１９９９) Multivariate Analysis of Ecological Data . Oregon , USA .GAN You‐min , LI Zhi‐dan , WANG Qin , et al . ( ２００５ ) Study On Grazing Degenerating Succession of Subalpine Meadow inNorthwestern of Sichuan Province . A cta Prataculturae Sinica １３ , ４８‐５２ .
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Effect of nitrogen application on forage yield in alpine rangeland
Q .P . Zhou , K .J .De , C .T . X u , Y .J .Ji
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Introduction Large areas of grassland have been deteriorating due to dry climate , simple vegetation structure , poor quality offorage , overgrazing and damage from pests and rodents . Meanwhile , nutrients for plant grow th in alpine rangeland depend onbiological and chemical mineralization in soil which has been decreasing in fertility because of consumption by plant grow th .Research has indicated that N application improved forage yield and crude protein content , which is an important way to solvethe problem of protein shortage in alpine pasture which generally has limited legume content . The objective of this study was todetermine the appropriate fertilizer application rate for forage yield and protein content .
Materials and method Experiment site was on a fenced winter‐spring pasture without grazing at Qinghai San Jiao Cheng SheepBreeding Farm . The site is ３２００‐３６００m altitude with ３２１ .７mm annual precipitation ,‐０ .２ ℃ average annual temperature withmountain dry grassland type and dark chestnut‐Calcium soil . The vegetation in the grassland mainly consists of Stipa aliena
keng , Stip a purpurea Griseb , Poa p ratensis L , Elymus nutans , A chnatherum K ansuensis Max im , Potentilla multi f ida Land Bupeurum smithii wol et al . Urea with ４６％ pure N was applied in June ２００３ with different N application amount N０ ,N６０ , N８０ , N１００ , N１２０ kg / hm２ to determine the optimum amount by measuring above ground biomass , plant height , vegetationcoverage , density and frequency of plants in １m２ sized plots replicated three times .

　 　 Figure 1 Forage yield at di f f erent N app lication .

Results Forage yields of plots in different N rates were allimproved compared to the control plots in the １st year , the ２ndyear . The increment and increasing ratio were increased bydegrees according the N application amount ( Figure １ ) . It isindicated that N application in alpine grassland improves
grass yield effectively . N application affected vegetationmeasurements significantly , and grass density , coverage andfrequency were improved ( Table １ ) . In the currentexperiment , input / output was optimal while １２０kg / hm２ Nwas applied . Crude protein content in hay was improvedalong with the increase of N application and obtained the
greatest increase with ６０‐８０kg / hm２ N application .

Conclusions The results weresame to the experiment carriedout at Tongde Batan region on
Puccinellia tenui f lora , but theoptimum N application for thehighest yield in this study waslower than the N requirement forthe potential highest yield of tall
grass ( D .R .Che , １９９５ ) , whichwas ２２５kg / hm２ . The grass yieldwas still increasing while Napplication amount reached thehighest １２０kg / hm２ , which meansthe optimal N application amountin alpine area has to be decided infuture research .

Table 1 E f f ect o f di f f erent N level on rangeland community .
plant composition community Plant CK N６０ N８０ N１００ N１２０

Grasses Height(㎝） ８ 敂．３ １１  ．２ １５ h．２ １０ 乔．８ １２  ．９

Coverage( ％ ) ３７ ǐ.７ ４１  .７ ４８ h.３ ４８ 乔.０ ４９  .０
Density １０９ 侣.０ １８３ !.０ １４９ �.０ １６１ 揶.０ １５６ 6.０Frequency( ％ ) ３０ ǐ.０ ５７  .７ ３５ h.７ ６１ 乔.７ ８５  .７

Legume Height(㎝） ２ 敂．６ ３ 篌．０ ４ Q．５ ３ 鞍．２ ４ 谮．８

Coverage ( ％ ) ２ 敂.３ ４ 篌.０ ３ Q.０ ６ 鞍.３ ４ 谮.０
Density １４ ǐ.０ ５５ !. ４０ h.０ ３８ 乔.０ ３６  .０Frequency( ％ ) ３６ ǐ.０ ５１  .０ ４０ h.７ ８２ 乔.３ ３８  .３

Karex Height(㎝） ４ 敂．３ ５ 篌．０ ４ Q．８ ６ 鞍．６ ６ 谮．９

Coverage １８ ǐ.０ ２１  .０ ２４ h.６ ２９ 乔.０ ３４  .０
Density １２３ 侣.０ １９３ !.０ １９１ �.０ ３２７ 揶.０ ４１３ 6.０
f requency( ％ ) ７７ ǐ.７ ８９  .３ ９８ h.３ １００  ８８  .３

others Height(㎝） ５ 敂．８ ６ 篌．８ ６ Q．５ ８ 鞍．４ ８ 谮．９

Coverage ( ％ ) １６ ǐ.７ １９  .３ １８ h.７ ２３ 乔.７ ４１  .０
Density １１７ 痧１２１ O１２５ �１１９  ２０６ 6
Frequency( ％ ) ２５ ǐ.７ ３３  .３ ３６ h.７ ３７ 貂４０  

ReferencesS .L .Zhang (１９８６ ) . Effect of Fertilizer on Above Ground Biomass of Kobresia humilis meadow . A lp ine Biology Collection , ５ .
７‐１１ .D .R .Che ( １９９５) Benefit curve of N fertilizer on Grass at Alpine Rangeland . ACTA PRA TACUL TURA E S IN ICA , １２ . １‐８ .
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Stability of alpine meadow ecosystem on the Qinghai‐Tibetan Plateau
ZHOU Huakun , ZHAO Xinquan ,ZHOU L i , L IU Wei , L I Y ingnian , Gu Song and Zhou X inmin
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Introduction The stability of grassland ecosystem is one of the most important topics in modern ecology(Bai et al .２００４ ; T ilman& Downing １９９４) . However , little relevant information is available for the alpine meadow on the Qinghai‐Tibetan Plateau( Zhao & Zhou , １９９９) . In this paper , we examined the ecosystem stability and its sensitivity to environmental variations in analpine meadow using the quantitative methods .
Material and methods In this study , air temperature and precipitation were measured by regular meteorological methods . Theabove‐ground net primary production was measured by the harvest method . The annual variations of precipitation and mean airtemperature from １９５７ to ２０００ , and the above‐ground net primary production of the K . humilis meadow from １９８０ to ２０００were collected .In this paper ,
E ＝ ( Δy

Δx ) / (
珔y
珔x ) ＝ b/ ( 珔y珔x )

which can measure the stability of grassland ecosystem . When E does not change with x or time ( t) in a given period , the E isconstant . The constant E means the measurement of system stability of abiotic factor . Furthermore , it is easy to compare eachother because the parameters are dimensionless .
Results and discussion Comparison of alpine meadow ecosystem stability with other five natural grassland ecosystems in Israeland southern Africa indicates that the alpine meadow ecosystem on the Qinghai‐Tibetan Plateau is the most stable ecosystem .The alpine meadow ecosystem with relatively simple structure has higher stability , which indicates that community stability isnot only correlated with biodiversity and community complicity but also with environmental stability . The high stability of thealpine meadow ecosystem may be resulted also from the adaptation of the ecosystem to the alpine environment .
Conclusions In this study , we use the coefficients of variation ( CV) and stability ( E) obtained from the Haibei Alpine MeadowEcosystem Research Station to characterize the ecosystem stability . The results suggest that the net primary production of thealpine meadow ecosystem was more stable ( CV ＝ １３ .１８％ ) than annual precipitation ( CV ＝ １６ .５５％ ) and annual mean air‐temperature ( CV ＝ ２８ .８２％ ) . The net primary production was insensitive either to the precipitation ( E ＝ ０ .０７８２ ) or to airtemperature ( E ＝ ０ .１１１３) . In summary , the alpine meadow ecosystem on the Qinghai‐Tibetan Plateau is much stable .
ReferencesTilman D , Downing J A . (１９９４) . Biodiversity and stability in grasslands . Nature , ３６７ :３６３‐３６５ .Bai Y F , Han X G , Wu J G , et al . ( ２００４ ) . Ecosystem stability and compensatory effects in Inner Mongolia grassland .

Nature , ４３１ :１８１‐１８４ .Zhao X Q , Zhou X M . ( １９９９ ) . Ecological basis of alpine meadow ecosystem management in Tibet : Haibei Alpine MeadowEcosystem Research Station . Ambio ,２８ :６４２‐６４７ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]271　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Ecology of Grasslands/Rangelands

Preliminary experiment on photoregulation of turfgrass
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With many experiments in plants under different lighting environment , people have realized that a whole refined andcomplicated system of light receptor and conductor exist in plants . There are many related research reports . In this , we makea review of turfgrass physiology under photoregulation and relationship with light photoreception .
Regulation of photoperiods Shape and grow th of turfgrass could appear plastic variety with environment light periodic change .Periodic light treatment on turfgrass shows that : １４h treatment increased significantly in weight , root shoot ratio , density ,coverage , height , plants fiber content improved ３％ ～ ９％ ,PEPC enzymatic activity increase ６４％ ～ ８８％ , and soluble sugarcontent increase １２％ ～ ２３％ . Turfgrass is sensitive to day length and it affects its geographic distribution and flowering time .For example , Zoysia sinica which flowers in November in the north would not flowering until February and flowering time isless than a month . Periodical prolong environmental day length could change dormancy mechanism of turfgrass in winter .Research shows that , in natural winter , turfgrass turned yellow , grew slower , and ABA content increased ; with artificialtreatment of periodical prolong environmental day length , ABA content is decreased , grow th is improved and turfgrassmaintained green a whole winter .
Light quality Selective absorption is a characteristic of plant response to light . Different light quality can improve photosyntheticrate and regulate photomorphogenesis of plant . While the PAR spectrum of photosynthesis is from ４００nm to ７００nm , blue light
(４００nm ～ ５００nm ) and red light ( ６００nm ～ ７００nm ) play key roles in photosynthesis ,photomorphogenesis and chlorophyllsynthesis . The far‐red light spectrum effects photomorphogenesis . The chlorophyll content of rice leaf under blue light were
１０％ higher than under mixed light , especially chlorophyll a . Toward turfgrass , blue light can limit the grow th of turfgrass .The leaf width and leaf color of Z . japonica cv . Lanyin No . Ⅲ under blue light were higher and more dark than red light .
Phytochrome and photoreceptors In addition to the chlorophyll complex of photosynthesis , turfgrass contains a large variety oflight signaling receptors feeling and�monitoring" in which the light signaling changes in the environment . Plant has been foundthat at least three types of light receptors : red and far‐red photoreceptors phytochrome category , blue light photoreceptorsUV２A and UV‐light photoreceptors UV２B . Photoreceptors , which are called the entrance , can reset the time of plant摧s dayand night bio‐clock , so hundreds of genes摧 expression could be regulated .
ReferencesHih S C , Jung G A , Shelton D C . １９６７ . Effect s of temperature and photoperiod on metabolic changes in alfalfa in relation tocold hardiness[ J ] . Crop Science ,７ :３８５‐３８９ .Somers D E , Devlin P F ,Kay S A . １９９８ . Phytochromes and cryptochromes in the entrainment of the Arabidopsis circadianclock . Science , ２８２ :１４８８‐１４９０ .
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Study on photoperiod sensitivity and hereditary potentiality maize inbred lines
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Introduction In our country , forage breeding has been severely restricted because of significant shortage of special forage maizevarieties suitable to plant in different latitudes( Mugo‐S . , Zhang‐Fenglu ,２００１) . It is significant to select high quality and yieldforage maize breeds which were suitable to the maize‐farm‐belt of China . The study compared the photoperiod sensitivity ( PS) ofdifferent latitudes maize inbred lines ( MIL ) and clustered heterosis populations of the MIL hereditary potentiality ,finally wasforward to providing theory for forage maize breeding .
Materials and methods The material included １７ tropical and subtropical MIL ( provided by the Academy of Agriculture Scienceof China ) and ２０ temperate‐zone MIL ( provided by HeNan Agriculture University ) ,adopting clustering analysis of MILagonomic traits( UPGMA) , SSR analysis and diallel cross of MIL ( Goodman MM . , Murphy JP . , Senior ML .et al . ,１９９８ ) .The MIL and their hybrid progenies were planted in spring and winter in ２００６ . The trial was planted with three treatments
( two with artifical light １６h or １０h , respectively ; another with nature light) . Each treatment was replicated three times .
Results and discussion The sensitivity to light of MIL was variable , with the PS of most of the tropical and subtropical MILmore sensitive than the temperate‐zone ; ３１SSR primers detected MIL , total １３５ polymorphism . For the direct yield traits :fresh weight of plant and dry weight of bract , the variability of the addition , domination and them respectively interacting withenvironment were remarkable , especial the domination × environment was terribly remarkable to ８０％ .
The clustering results of some MIL were variant from the maize family tree , maybe because of the abundance heredity diversityof the maize . The study showed that using the combining of heterosis and moderate PS would come into being high quality and
yield forage maize breed .
Conclusions １ .The ３７MIL had been assorted to １１ populations by the resemble rate ０ .７７ ,the clustering results also basicallymatched with the relatives of the MIL and the hybrid yield . ２ . From results ,the potential of using the combining of heterosisand environment ( PS) was strong .
ReferencesZhang‐Fenglu ,Mugo‐S . ,( ２００１ ) .Preliminary study of the response to photoperiod of the different maizes hybrid .Maize . Sci

Journal ９(４) ,５４‐５６ .Senior ML . ,Murphy JP . ,Goodman MM . ,et al . ,(１９９８) .U tility of SSR for determining genetic similarities and relationships inmaize using an agarose gel system .Crop Sci Journal ３８(６) ,１０８８‐１０９８ .
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Vegetation succession characters of desertification grassland in Hulunbeier steppe
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Introduction Resent years , because of the influences of nature factors and human activities ( Mukaiyama S ,１９９８ ) , the eco‐environment of the Hulunbeier steppe was gradually worsen . Grassland degradation seriously threaded to the local ecologicalenvironment , which restricted the development of husbandry . For rational utilization and grassland protection , Understandingthe mechanisms and characters of vegetation successions may be important to restoration and reconstruction of Grasslandecosystem .
Materials and methods We sampled four field sites along a gradient of sand desertification in the Hulunbeir steppe from July toAugust in ２００６ , to represent the four stages of desert development : potential , slight , moderate and severe . Five １m × １m plotswere randomly established in study sites of four different desertification levels respectively . The height , coverage , biomass andspecies richness was recorded , and species important values were calculated . Species diversity and Evenness index werecalculated using the Simpson index and Pielou index . And index of grassland quality was evaluated according to palatability andcoverage of grasses .
Conclusions Result showed that vegetation altered be regard as species composition , species diversity , coverage and structureConsequently ( Table １) . Vegetation degradation of grassland was a process of decrease of species quantity , simplification ofcommunity structure , the height of plants , coverage , above‐ground biomass were all correspondingly showed to decrease .Diversity index of communities was increased significantly in the stages of slight and moderate desertification . With the desertdevelopment , the index of grassland quality was significantly decreased , especially in the severe desertification stage , floristiccomposition transformation has occurred as unpalatable species encroached the area . With desert development , herbaceousspecies , especially grasses , were lost from the community composition and replaced by xerophytic grasses , for example
Compositae species .Finally , psammophytic annual plants such as Chenopodiaceae species dominated vegetation composition ,while Perennial plant maintained a low coverage . ( Table ２) .
Table 1 Characteristics o f community construction in di f f erent stages o f deserti f ication .
Desertification level Potential slight moderate severe
Above‐ground biomass( g /m２ ) １１３ 耨.９５ ± ５ .２２a ９９ M.４６ ± ２０ .４９a ８３ 种.０９ ± １２ .２７a １０５ 帋.７５ ± ３１ .６３a
Coverage ( ％ ) ７１ 妹.６７ ± ２ .８９c ４１ M.６７ ± ２ .８９b １６ 种.６７ ± ２ .８９a ２３ `.３３ ± ７ .６４a
Height ( cm) ３５ 妹.００ ± ５ .００b ２８ M.３３ ± ２ .８９b １６ 种.００ ± ３ .６１a ２６ `.６７ ± ５ .７７b
Rich index １０ 妹.３３ ± ０ .５８ab １２ M.００ ± ３ .４６b ９ è.３３ ± ２ .０８ab ６ 2.６７ ± ０ .５８a
Diversity index １ 晻.５５ ± ０ .１２a １  .８８ ± ０ .１１b ２ è.００ ± ０ .１２b １ 2.６４ ± ０ .１０a
Evenness index ０ 晻.６６ ± ０ .０４a ０  .７７ ± ０ .０６b ０ è.９０ ± ０ .０６c ０ 2.８６ ± ０ .０１c
Index of grassland quality １ 晻.１８ ± ０ .０７d ０  .９２ ± ０ .０７c ０ è.３４ ± ０ .０７b ０ 2.１１ ± ０ .０３a
Note : Date with the same letter in one row are not significantly different ( P ＞ ０ .０５) .
Table 2 Species importance values in di f f erent stages o f deserti f ication .
Family Gramineae Compositae Rosaceae Leguminosae Chenopodiaceae others
Potential ０ 换.７１ ０ x.０４ ０ 5.０１ ０ 蝌.０２ ０ �.０４ ０ 後.１８
slight ０ 换.６４ ０ x.０４ ０ 5.０１ ０ 蝌.０１ ０ �.１５ ０ 後.１５
moderate ０ 换.５１ ０ x.３０ ０ 5０ 蝌.０２ ０ �.１０ ０ 後.０８
heavy ０ 换.２９ ０ x.１６ ０ 5０ 蝌.０６ ０ �.４９ ０ 後

ReferenceMukaiyama S . Degradation of grassland in Keerqin sand land , Inner Mongolia , China .J .Grassland Science ,１９９８ ,４４ :１０９‐１１４ .
Supported by MOST :２００６BAD２６B０４０３ ,２００４ DEA７１１９０
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Population structure on tubers of Scirpus planiculmis in alkali‐lake habitat in the Songnen
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Introduction Scirpus p laniculmis ,a hydrophytic clonal plant , usually forms single dominant communlty in alkali‐lake in theSongnen Plains . Scirpus p laniculmis is ths main weed in China paddy field( Labrada ,１９９６) , which has strong ability to asexualreproduction by tuber rhizomes .This study sampled and analyzed the tuber population , mainly including the type ,quantity ,biomass ,and size class of tubers .

　 　 Figure 1 Rhizome ty pes o f Scirpus planiculmis

Materials and Methods The tubers of single dominant Scirpus
p laniculmis community were sampled during anthesis in Juneand seeds maturation in July .The samples were ５０cm length ,
５０cm breadth , and ３０cm depth , repeated five times ( Note :backfill the soil af ter getting the samples) .The tuber of Scirpus
p laniculmis is olivary ellipsoid .Three groups were sorted .Group
Ⅰ is made up of new tubers .Group Ⅱ is made up of the oldtubers which are linke with Group Ⅰ by a tuber .Group Ⅲ ismade up of dead tuber which are linked with anoher Group bydead rhizome ( Figure １ ) .
Results The volume and weight of tuber shows right thin‐taileddistibution( Figure ２ ) in July .This is under the significant levelthan classical distribution .The total number and weight of the tubers in July is decreased than that in June( Figure ３ ) ,amongthem Group Ⅰ and GrouP Ⅱ is decreased ,while GrouP Ⅲ is stable in number decreased in weight comparatively .The weight lossof the tuber of Group Ⅰ and Group Ⅱ is attributed to the substance transfer to ground individual plants .However , the weightloss of the tuber of Group Ⅲ is the natural loss for consenescence .

Figure 2 Distribution and ratio in size and weight o f tubers onScirpus planiculmis population in July .
Figure 3 The number ,weight and rate o f tubers at
di f f erent groups on Scivpus planiculmis population .

Note :D — Distribution , R — Ratio .N — number , w — weight .

Conclusions The tuber of Scirpus p laniculmis is asexual reproduction organ .That the distribution of its volume and weight hasa long right tail indicates maybe there are bigger tuber individuals .However , the sharp shrinkage of the left tail means thesmaller ones do not have biological significance .The tuber of Group Ⅰ ,determines new individual plants and new tuber .Forclonal popuation ,this is helpful for updating . The tuber of Group Ⅱ ,functions as sustainment and nutrition ,carry foragingbehavior by tuber clusters . After multiple observations , there was neither bud with viability nor evidence for potentialreproducing ability in the tuber of Group Ⅲ .It is likely to be lost its viability completely .
ReferencesLabrada ,R .１９９６ .Weed management in rice .in Auld , B .A .& Kim ,K .U . eds .FAO Plant Production & Protection Paper No .

１３９ ,p .２５９‐２７２ ,FAO ,Rome .
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IntroductionWe investigated the benefit of tree‐grass complex in linxia gansu province ,China .This area is arid and sem‐iarid ,and the soil is proven and less than what their need , ecological forestry and economic forestry play an impotent role in local . Sofinding new models to develop forest is meaningful .
Material and methods Tish research is located in linxia gansu province ,baded on ９ years Chinese prickly ash intercropping withalfalfa ,white clover and bird摧s foot trefoil .We studied the ecological and economic efficiency using econology principle andmethod . We test the soil moisture of different distance between trees use TSC Ⅱ intelligence soil moisture fast tester .
Conclusions We test ６‐２０cm soil moisture ,the results show that ( Figure １ ) : T ree‐grass complex enhance the soil moisturecontent in the forest land which interplanting forage , plays the role of water resource conservation .Because the water resourceconservation effect on three kind of leguminous forages ,so the alfalfa is stronger than white clover and lotus corniculatus ,Moreover , along with depth increase , its difference is smaller . About the water use efficiency that white clover is higher thanthe other .

Figure 1 The change o f soil w ater o f whiter clouer ,bird摧s f oot tre f oil ,d f al f a ard ck in di f f erent .

Table 1 The situation o f each intercrop p ing f orest land soil f ertileity unit(mg /kg) .
N P K pH

Alfalfa ( mg / kg ) ５４ U.０５ ４２ �.２９ １１３ 蜒.９２ ８  .７０
Bird摧s foot trefoil ( mg / kg ) ５５ U.３６ ２７ �.５５ ２７３ 蜒.１２ ８  .８２
Whiter clover ( mg / kg ) ４６ U.１１ ２０ �.２９ １３３ 蜒.２６ ８  .７８
Control ( mg / kg ) ３９ U.６ ２５ �.３６ １８８ 蜒.４５ ８  .８２
Table １ indicates that Because of the leguminous forages has the strong own nitrogen‐fixing capacity , af ter intercroppingleguminous forage , obviously enhances the soil fertility , particularly soil nitrogen .In Linxia Gansu province , the three kind ofleguminous forages in do not Rhizobium , lotus corniculatus摧s own nitrogen‐fixing capacity stronger than alfalfa and whiteclover .
Supported by MOST :２００６BAD０４A０４
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Introduction The forest‐steppe ecotone with alkalized grassland is in Hulunbeir , which borders the Great Xing摧an forest region ,is one of the most significant ecological barriers in North China . In the last decades , due to the changes of global climate andthe general impacts from human activities , timberline in the transition region moved up , grassland changed into desert and thewater and soil lost drastically . All these factors , in combination , severely hamper the sustainable development of localresource , environment , economy and society . Nowadays , researches on dynamic changes of landscape structure and functioncharacteristics are still few .
Material and methods By integrating Remote Sensing and Geographic Information System , the spatial information of landscapepattern of ecotone between forest and grass in Hulunbeier during three periods of １９９５ , ２０００ and ２００５ was explained andextracted . This paper explores how and why the landscape pattern changed , based on the basic theory and method of landscapeecology , taking number of patches , fragmentation and division as indexes to analyze the spatial‐temporal dynamic changes ofthe landscape pattern .
Conclusions It is remarkable to interchange between different landscapes , especially among forest land , grassland , cropland andunused land . The area of forest land has decreased sharply by ７８５８ km２ , while the unused land increased ４０８７ km２ . Theindices of landscape characteristics have changed significantly from １９９５ to ２００５ , w ith the landscape diversity index andfragmentation index increasing and the landscape dominance index decreasing . Main landscape types including forest ,
grassland , and cropland , unused land show that their patches quantity increased and patch shape changed more and morecomplexly ( Table １ ) . This study revealed the intensities , directions , and rates of landscape pattern changes , and therelationships among landscape pattern , ecological processes , and human activities .
Table 1 A nalysis o f landscape index in main landscape p attern f rom １９９５ to ２００５ .

Forest Grassland Cropland Unused land
Year １９９５  ２０００ 帋２００５  １９９５ 厖２０００  ２００５ }１９９５ �２０００ t２００５ 痧１９９５ l２０００ 梃２００５ r
NP １３９２  １３５９ 帋１００８  ３８１７ 厖４００７  ４６６６ }３８１７ �４００７ t４６６６ 痧３８１７ l４００７ 梃４６６６ r
F ０ q.０２４ ０ 种.０２３３ ０ R.０１６６ ０ 屯.０８１２ ０ `.０８９ ０ 排.１１６５ ０ A.２６９９ ０ 技.２２８８ ０ 8.２２１１ ０ 创.１４５９ ０ 0.１５６９ ０ 汉.１６４７
D ０ q.８６９ ０ 种.８７４４ ０ R.８６５５ ０ 屯.９０３９ ０ I.９１８４ ０ 苘.９８７ ０ A.９４８８ ０ 技.９７４２ ０ 8.９９２１ ０ 创.９５８４ ０ 0.９６７７ ０ 汉.９９９４

NP : Number of Patches ,F : Fragmentation index , D : Division index
ReferencesXiao D N , Bu R C , Li X Z . Spatial ecology and landscape heterogeneity . A cta Ecologica Sinica , １９９７ ,１７(５) :４５３‐４６１ .Zhang S R , Xi G S , Deng L J , et al . Analysis of landscape spatial patterns in the hill region in the west of Sichuan Basin ,
２００３ , ２３(２) :３８０‐３８６ .
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Rangeland availability , use of the flora and land ownership in el Toro Gorge (Rosario de Lerma
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Introduction The River Bull Gorge is located in the Eastern Cordillera of the Salta Province , in a NW‐SE direction , at analtitude of １７００ m . It is located between Campo Quijano (２４°５５′S ,６５°３７′W) , １５２０ m .a .s .l . and Las Cuevas ( ２４°２１′４ .９″S ,
６６°１′２７ .９″W) , ３２５０ m .a .s .l . The vegetation (Western Monte and Puna) is correlated with the rainfall , which is concentratedbetween December and March , diminishing quickly within a few kilometers to the North West because of the topography . InCampo Quijano the annual average rainfall is １０５２ mm , Ing . Maury ９８ mm , Gobernador Sol ６８ mm and Puerta de Tastil ６７mm (Bianchi and Ya鼻ez , １９９２ ; Morello , １９５８ ; Ruthsatz , １９７７) . Cattle are grazed on the highland rangelands in summer andthe low lands in winter . The research objectives were : １ .To determine the condition and value of the rangeland in the studyarea . ２ .To register the uses of the flora by the local people . ３ .To analyze the cause of the decrease of livestock and its relationto the incentives given by the government for raising cattle and land ownership .
Materials and methods At ９ locations the gorge １２４ plant species were collected and their use was determined throughinformation gathering and workshops with local cattlemen .
Results and discussion Fiftheen species are good for grazing , ６５ are emergency forage and ３６ are not valuable for cattle , theother identified plants have different uses . Comparing national cattle censues , in Rosario de Lerma the highest receptivity wasin １９３０ , but according to the figures of the last census in ２００２ , the number of cows decreased ６６ ％ , sheep ８０ ％ and goats ７０
％ . Cattle censuses were compared with censuses of humans and a severe decrease in the number of cattle per person wasfound , and the poverty of local people increased causing immigration away from the study area . The cattlemen perceived thatcattle deaths , occurred due to alternate dry and wet years , and not because of overgrazing . The lack of availability ofrangeland , rangeland mismanagement , health problems in cattle , attacks by predators , and lack of cattlemen groups andcooperative efforts explain the stock reduction , but define overgrazing as the key problem of the ecosystem .
Conclusions The different plant communities in the gorge belong to the arid ecosystem and they cannot sustain continuousgrazing . The primitive way of raising cattle shows the need for rural extension programs and methods for developing irrigatedpastures , in order to have reserve forage available in the dry season and to reduce the human immigration from the study area .On the other hand , the efforts of the native people to obtain the ownership of the land are in different stages of progress .Nevertheless ownership of the land doesn摧t solve the poverty problem . Land ownership should be supported with soundadvisory projects , with funds and technical assistance to aid managing and improving the natural resources .
ReferencesBianchi , A .R .y C .E . Ya鼻ez ( １９９２ ) . Las precipitaciones en el Noroeste Argentino . Segunda Edición . Instituto Nacional deTecnología Agropecuaria . Estación Experimental A gropecuaria Salta . １２５‐１４５ .Morello , J . (１９５８ ) . La Provincia Fitogeogr被fica del Monte . Opera Lilloana II ( １‐１５５) ＋ LVI l被minas .Ruthsatz , B . (１９９７) . Pflanzengesellschaften und ihre Lebensdedingungen in den andinen Halbwusten Nordwest‐Argentiniens .J . Cramer , Vaduz . Liechtenstein . ７９‐８４ .
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Observation on the pollen morphology of 5 species of Caragana Fabr . plants in the alashan
desert
W an Tao ,Cai Ping ,Y i Weidong ,Zhang X iaoming ,Zhang Chenbo
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Introduction The Alashan desert is located in the Alashan highland of Inner Mongolia plateau . Many Caragana Fabr . speciesdistributed in the desert and arid grasslands of the Alashan highland . They are very important for protection of the environmentof the Alashan desert . Observation of the Caragana Fabr . pollen morphology from the plants in the Alashan desert can providevaluable information for some researches of how to use the desert plants .
Materials and methods The materials for the study were sampled in ２００４ ～ ２００５ . Caragana Fabr . Plants , integrated plants andpollen sample were uniformly gathered . Pollen sample was scattered on double sided pastern paper on carry matter desk equablyand plating film by IB‐５ hydronium spatter instrument . Sample are sended into S‐５３０ scan electron microscope , choosedifferent magnify multiple and observe angle to go along observe and photograph for pollen sample . All datas of microsporesurface characters are root in the average of ２０ microspore(Wang Kaifa ,１９８３ ; Wan Tao ,１９９９) .
Results and analysis The abnormal pollen morphology of ５ species of Caragana Fabr . is (２４ .３４ ～ ３２ .１１) μm × ( １１ .３１ ～ ２０ .２７ )
μm which is belong to minitype . Others are middle pollen types ( Caragana tibetica Kom . ３２ .１１μm × ２０ .２７μm) which equatorsurface is long or exceed long sphericity , P/ E ＝ １ .５９ ～ ２ .０６ . The polar surface is ３‐split or ３‐crack rotundity . Bourgeonapparatus belong to ３ aperture channels type and the channel is thin and length to the two poles , channel edge is tidiness ; Insideaperture sink or not evidence ; Microspore surface is reticulation or aperture ornamentation , mesh or aperture is quite fleet andsome assume perforation shape at polar section or channel edge . These are related with collectivity characters of LeguminosaePapilionatae Caragana Fabr . ( Table １ ) .
Table 1 Character o f pollen morphology o f A lashan desert Caragana Fabr .
Species
name PA( μm) EA( μm) P/ E Shape Germinators

Type Trait Ornamentation

Caragana
tibetica

３２ 剟.１１
２８ .３２ ～ ３３ .５６ ２０  .２７

１８ .４２ ～ ２２ .１２ １ 邋.５９ long sphericity ３aperturechannels Slightness and length to the two
poles .

reticulation , mesh isfleet
Caragana
brachypoda

２８ 剟.４５
２７ .１８ ～ ３１ .０５

１３  .６７
１２ .９４ ～ １４ .９１ ２ 邋.０６ exceed‐long

sphericity
３aperture
channels

slightness and length to the two
poles .

apertur , fleet , have
perforation

Caragana
intermedia

２７ 枛.１
２５ .２３ ～ ２８ .７２

１６  .１
１４ .８８ ～ １８ .９８ １ 邋.６８ long sphericity ３aperture

channels
slightness and length to the two
poles .

apertur , fleet ,
symmetry

Caragana
stenophylla

２５ 剟.４１
２２ .７２ ～ ２６ .９０ １４  .７８

１１ .８９ ～ １６ .１９ １ 邋.７２ long sphericity ３aperturechannels Slightness and have film apertur , fleet ,asymmetry
Caragana
leucophloea

２４ 剟.３４
２１ .５５ ～ ２６ .３２ １１  .３１

９ .５６ ～ １３ .６６ ２ 邋.１５ exceed‐longsphericity ３aperturechannels Narrow and inside aperture sink apertur , small andfleet , no perforation

Conclusions Caragana Fabr . is belong to evolutional species comparatively but not the furthest ( not ３ aperture type) . Pollenmorphology is outbalance part in collectivity character of plant , all characters of microspore accord with the genetic stability anddiversity .
ReferencesWang Kaifa ,Wang Xianzeng . Generality of Palynological [ M ] . Bei Jing : Bei Jing University Press ,１９８３ .２１ ～ ３４ .Wan Tao ,Wei Zhijun . Pollen patterns of moden plant Inner Mongolia grassland[M ] , Hohhot China Agriculture Press ,１９９９ .７２

～ ７４ .
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Changes of residue function and signaling regrowth after forage cutting
Huimin Y ang1 , L iang Zhao2 , Y uy ing Shen1 , X iaoyan Zhang1
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Key words :mowing , photosynthesis , root uptake and absorption , signal transduction during regrow th
Introduction The world is facing big challenges that farming field keeps reducing ; water resource becomes shorter and limitedresource degrades continuously . Grassland stockbreeding is more efficient than simple cultivation , so it has been considered aneffective solution in agriculture . Cutting ( or mowing , foliating and even grazing ) is one of the most constant methods to utilize
grassland , especially artificial grassland . The regrow th after cutting is essential to the utilization of forage and grassland . Thechanges in residue function and the signal transduction during regrow th is still not fully understood and is attracting more andmore attentions .
Changes of residue function After forage is cut , the compounds stored in residues will be activated and reallocated amongremained parts of the plant . The reallocation will help residue regrow as soon as possible . Most importantly , the reallocationwill stimulate the remained residues , altering their functions . And in response to the actual stimulus , cutting , the residue alsohas to change its original function to adapt new situation . Photosynthesis is essential for residue living . With this process ,substance and energy can be produced and the residue can regrow smoothly . Photosynthetic rate of the aboveground parts willincrease , resulting in more production and accumulation of carbohydrates . Meanwhile , the residue will keep higher rate of
photosynthesis for a longer period after cutting . Intriguingly , new tillers and shoots also have greater rate than the control .Compounds reallocation and photosynthesis enhancement lead to smooth regrowing of the aboveground part , but restrict the
grow th of roots . However , this restriction happens without weakening its function . After cutting root absorption and uptakecan be enhanced ( Osmond et al . , １９９７ ) . In addition , the transmission distance is shortened after cutting , so it isunderstandable that translating ability is to be enhanced .
Signaling regrowth after forage cutting Many evidences have been shown that signals will appear when plant encountersenvironmental stimuli , including biotic and abiotic stimuli . These signals conclude phytohormones , ions , and secondarymetabolites . Cutting ( and grazing ) is also one kind of abiotic stimulus . So , some of the signals functioning in plant response toknown stimuli will be reasonably effective in the signal transduction of regrow th after forage cutting . It is understandable that
phytohormones , such as ABA , IAA , GA３ and CKs , play important roles in the regrow th af ter cutting . And also cytosolicCa２ ＋ is expected a fundamental signal in this signaling . In addition , some secondary metabolites , such as amino acid , protein ,simple carbohydrate , may also act as signals to elicit the regrowing response . The hypothesized signal transduction in forageregrow th should include all these elements . Phytohormones , such as IAA and GA３ , w ill affect the reallocation of reserves andthe translocation of newly synthesized carbohydrates . ABA and Ca２ ＋ concentration will be involved in the regulation of stomatalmovement ( Yang et al . , ２００４ ) , leading to change in photosynthesis . The pH variation in xylem sap leads to changes intransmission of xylem . However , most of the aforementioned signals and signaling are just supposed to work in the regrowing
process . Further investigation needs to be done .
Concluding remarks What signal does connect cutting stimulus with residue regrow th ? Further work has to be done toinvestigate which the right one is and how it does . From the viewpoint of methodology , analytic chemistry and biophysicsshould be integrated to investigate the substances working beneath the regrow th . And , stomatal regulation and photosynthesisvariation can be put more attentions . In addition , change in root function is also worth of further exploration .
ReferencesOsmond , B . , Badger , M . , Maxwell , K . , Bj迸rkman , O . and Leegood , R . １９９７ . Too many photons : photorespiration ,
photoinhibition and photooxidation . T rends in Plant Science , 2(４) : １１９‐１２１ .Yang , H . M . , Zhang , X . Y . and Wang , G . X . ２００４ . Cytosolic calcium oscillation signaling in guard cell . Plant Science ,
１６６ : ５４９‐５５６ .
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The monitoring of ecological effect of implement of sand control project in sand source area
round Beijing and Tianjing
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Introduction Rangeland desertification is a serious ecological problem in north dry and semi‐dry region in China . Since ２０００ , thesand control project has been carried out in sand source area Beijing and Tianjing . The monitoring result exhibits that theimplementation of sand control project has lead to positive effect on rangeland vegetation
Method Dynamic monitoring of rangeland desertification depends on remote sensing technology and field investigation . The varyof vegetation cover and overground biomass inversed NDVI ( normal different vegetation index ) from MODIS data were used toexplain the rangeland quantity change from ２０００ to ２００６ /２００７ , the comparison of vegetation component get by fieldinvestigation between out and inner enclosure to illustrate the rangeland quality change , and sand area in different periodobtained by Landsat TM data through supervised classification method to quantify the dynamics of rangeland desertification .
Result From ２０００ to ２００６ /２００７ , the average vegetation cover in Nemenggu , Hebei and Shanxi provinces increases ６ percentagepoints , the grass output increases １２ .０％ averagely ( Tab .１ ) , and the serious deserted rangeland at HunShanDaKe sandlotdecrease ２４ .８％ averagely ( Tab .２ ) . The proportion of eximious timothy at inner enclosure is higher than the out .

Table 1 Change o f vegetation cover and grass output f rom 2000 to 2007 .

province
Vegetation cover ( ％ ) Grass output ( kg / ha)

２０００ ~２００７  variation
( percentage point ) ２０００y ２００７y variation ( ％ )

Neimenggu ２６ ,.０ ３２ �.３ ６  .３ １０２１ 葺.７ １１５０ `.３ １２ ..６
Shanxi ３７ ,.７ ４３ �.３ ５  .６ １４１０ 葺.０ １５６４ `.７ １１ ..０
Hebei ４５ ,.０ ５１ �.０ ６  .０ ２１２１ 葺.７ ２３８７ `.７ １２ ..５

Table 2 Change o f serious deserted rangeland f rom 2000 to 2006/2007 .
county decrease( ％ )
abaga １８ T.８
Sunitezu ２１ T.５
xilinhaote ２４ T.２
xianghu ２５ T.３
zhengxiangbai ３１ T.０
zhenglan ２７ T.８
average ２４ T.８

Conclusion Based on the monitoring result by remote sensing and field investigation ways , It is can be concluded that theimplementation of sand control project has led to good ecological effectiveness .
ReferencesYun Xujiang , Xinqi &Yong shipeng et al . Technical Rules For Monitoring of Rangeland Resources and Ecological ( NY / T

１２３３‐２００６ ) . Agriculture press of China . ２００６ .Su daxue , Zhang zizhong & Chen zuzhong et al . Parameters for degradation ,sandification and salification of rangelands ( GB
１９３７７‐２００３ ) . Standards press of China ,２００３ .
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Investigation the improvement operations affections on ecological indexes of rangeland health in
rangelands of Golestan province ,Iran

Zeid A hmadi ,Mehdi A bedi ,Gholam A li Heshmati
１ Member o f Scienti f ic Committee o f A z ad University ,A z adshahr Branch ,I ran .
２ A ssociate p ro f essor o f Rangelan Sciences ,Gorgan University o f A gricultural Sciences and Natural Resources
３ MS student o f range management ,Madarres University I ran .

Introduction Changes in rangeland vegetation ,soil and water resources create by some natural distributions or management( Miller ２００４) .Changes are determining variety of plant community (Bestelmeyer ２００６) .Potential vegetation classifications suchas ecological sites ,ecological types ( USDA ,NRCS １９９７) and range sites are commonly used by land management agencies as aframework for organizing natural resource information ,and also as a tool for communicating �natural" baseline conditions forecosystem health assessments ,predictions of vegetation response to management ,and resource value potentials .Now rangelandhealth is base on the concepts of succession espoused by Clements ( １９１６ ) .Rangeland mangers must have knowledge aboutecological factors that determine the rangeland health .
Material and methods In this study used Landscape Function Analysis method for inventory摧s rangeland health in six landscapes .Landscape Function Analysis ( LFA ) is a monitoring procedure that uses quickly determined field indicators to assess thefunctional status of rangelands ( Tongway and Hindley ２００４) .The １１ soil parameters were measured on the three transects of
５０ meters length and compared three functional properties stability infiltration and nutrient cycle
Result Resulted shows numbers of patches in closed area landscapes were very more than beside of them .The index of landscapestability was higher on the closed area than the next to for patches ,and the index of nutrient cycling was higher in closed areathan at the side of for patches and the index of landscape infiltration was higher on the closed area than the beside for patches .These indexes were higher in patches than inter patches .
Table 1 V alue o f Stability , In f iltration and Nutrition recycle f or closed area landscapes and the near o f closed area
landscapes in patches and inter p atches .
Landscapes Patch Stability Standard error Infilt ration Standard error Nutrition recycle Standard error
Closed area Patch ８６ / ４  ０ / ５ K５８ / ８ è０ / ８ 圹６６ / ４ 8０ / ７ 档
landscapes Inter Patch ４７ / ４  ０ / ３ K４８ / ９ è０ / ７ 圹４５ / ７ 8０ / ８８ 缮
T he near of closed Patch ６３ / ０  ０ / ３ K５８ / ５ è０ / ９ 圹４９ / ７ 8０ / ５ 档
area landscapes Inter Patch １３ / ７  ０ / ９ K２６ / ７ è０ / ５ 圹３４ / ４ 8０ / ５ 档

Conclusion According above results we can analysis the management of rangelands by LFA model .Improvement operationschanged indicators of rangeland health in this area .Closed area landscapes because of light grazing had best condition than thenear of closed area landscapes and for any three index variations is significant
ReferencesBestelmeyer ,B .T . ,J .P .Ward . ,J .E .Herrick ,and A .J .Tugel . ,２００６ .Fragmentation Effects on Soil Aggregate Stability inPatchy Arid Grassland . Rangeland Ecol Manage ５９ :４０６– ４１５ ．Clements ,F .E . ,１９１６ .Nature and structure of the climax . Journal o f Ecology ,２４ ,２５２‐２８４ .Miller ,M .E .２００４ . The Structure and Functioning of Dry land Ecosystems‐Conceptual Models to Inform the Vital‐SignSelection Process .Prepared by : U .S .Geological Survey Biological Resources Discipline Southwest Biological Sciences CenterCanyon lands Research Station２２９０ S .West Resource Blvd .Moab ,UT ８４５３２ .Tongway ,D .J . ,and Hindley ,N .L . ,２００４ .Landscape Function Analysis : a system for monitoring rangeland function .A f rican

Journal o f Range and Forest Science , ２１ ,４１‐４５ .USDA‐NRCS . ,１９９７ .National range and pasture handbook .USDA ,NRCS ,Grazing Lands Technological . Institute .１９０‐vi‐NRP .
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The results of analysis of Allium genus of Mongolia
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Plant Protection Research Institute
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Introduction There are a lot of factors influencing the evolution and heredity of live organisms .One of its branches is the field ofkaryology that studies the specifics of chromosome structure composition and form ,is considered to be material basis fororganism heredity and modification .Over thirty species of wild A llium that grows on the territory of Mongolia .In addition infact that these are the constant members of the dry steppe plant community ,they grow in high mountains ,forest steppe zone ,desert and deserted‐steppe and Mongolian plateau .A llium mongolicum and A llium poly rrhiz um that grow in Mongolian Gobi‐desert zone are ,of a high nutritional quality and is considered to be one of the main plants of Mongolian grass lands .
Materials and results We studied Khubsugul ,Bulgan and Biger populations .In Khubsugul and Bulgan population satellitechromosome is located at ６ th st chromosome摧 s short arm .SM chromosome is located at the third pair of chromosomes .But thereis difference in the Gobi‐Altai of Biger population karyotype .
We are the first to discovered B chromosome in A .altaicum in Mongolia .As a result of this ,we see that there is a numericchange of SM chromosome ,which in can that there is a polymorphism in the Biger population .But all three populations have alot of similarities as well .All of them are of ２A karyotype ,relative length of chromosome are close ,and have very clear satellitechromosome .Morphologically there are very similar ,although the Biger population A .altaicum bulb is bigger than the other
population .This is due to polymorphism in the Biger population .
Our comparison of karyotypes A .altaicum and A . f istulosum has revealed a high degree of similarity , indicating a closerelationship .Therefore we can conclude that the cultivated species A . f istulosum originated from the natural species A .
altaicum .

Conclusion We can conclude the following from our study :Basic number of chromosomes increase : its diploids ,tetraploids ,pentaploids and hexaploids .There is a karyotype differentiation
A .bidentatum ,A .amphibolum and A .mongolicum .They all belong to ２B karyotype .We have studies several populations of A .
altaicum .Namely ,it is remarkable that in this country under the extremely diversified environmental conditions , specifickaryotype patterns may appear in the more or less isolated populations of of ten low individual number ,as a result of naturalselection ,genetic drif t ,geographical of ecological isolation .Factors causing and maintaining such karyotype variations or even
polymorphism maybe in Mongolia the following physico‐geo graphic conditions : The average １５８０ m high above see level ; thecold continental climate ; the highly diversified topographs forms and because of this very great microclimate differences withinsmall distances ; the ecological isolation in the great closed basins on the mowing or semi‐fixed sand‐dunes ,on the ridges and
plateaux of inselbergs ; the overlapping and mosaic pattern of vegetation zones ; on the southern slopes the absence of vegetationcharacteristic of certain altitudes ; in general ,the increased fragility of the arid ecosystems .
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How do grazing and stochastic rainfall affect vegetation ? — Insights from a simulation approach
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Semi‐arid and arid regions are endangered by desertification and degradation on a global scale .Most of the drylands arecharacterized by unpredictable and stochastic rainfall ,so the effects of overgrazing may be masked by rainfall .Due to thestochastic rainfall ,the strong dependence of vegetation on rainfall and the lack of empirical long‐term studies on vegetationdynamics it is difficult to separate the effects of grazing and climate without using a modelling approach .
We therefore use a simulation model to investigate how an interaction between and grazing and stochastic rainfall affectsvegetation dynamics .To separate the natural and anthropogenic effects from each other we built a grid‐based and individual‐based simulation model which describes the dynamics of the dominant tussock grass species of a temperate semi‐arid steppe ,
Festuca pallescens ,under grazing in Northwest Patagonia ( Argentine ) .The model operates at the scale where the grazingdecisions take place and includes a biologically plausible grazing model .Further ,it describes the impact of stochastic rainfall and
grazing on the essential biological processes seedling establishment ,grow th ,and mortality .
We use a pattern‐oriented approach to indirectly determine unknown model parameters and to calibrate the model to show theobserved dynamics .In a second step we simulate the dynamics of the Festuca steppe under different stocking rates .An analysisof the simulation experiments reveals how stochastic precipitation affects demographic processes of the perennial tussock grassF .p allescens ,how grazing triggers the demographic processes ,and how grazing and stochastic rainfall interact .
The separation of the natural and the anthropogenic effects on vegetation greatly advances our quantitative understanding of the
grazing impact in semi‐arid and arid regions and provides robust arguments for the discussion of sustainable management ofrangelands .
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Shifting rangeland mineral resource limitations : ecological responses to atmospheric Nitrogen
deposition
Heather L . Throop , Department o f Biology , New Mex ico State University ,
MSC 3A F , L as Cruces , NM 88005 , USA ; throop＠ nmsu .edu

Key points :Deposition ofm fixed nitrogen ( N) from the atmosphere into natural and managed systems is increasing worldwide ,
primarily as a result of fossil fuel combustion and agricultural fertilization practices . While historically most rangelands havebeen subjected to relatively low N deposition rates , N deposition is projected to increase in rangelands . This unintentional wide‐scale fertilization has the potential to dramatically shif t mineral resource limitations in rangeland ecosystems . In contrast toforested ecosystem response to N deposition , one of the most evident rangeland responses to N deposition is a shif t incommunity composition , with declines in biodiversity and potentially shif ts in the dominant functional groups . Evidence to datesuggests that many other ecological processes , such as interactions with insect herbivores and carbon (C) and N cycling may inturn be affected by this shif t in species composition . Increasing predictive capability of rangeland responses to N deposition iscrucial for developing appropriate management strategies .
Key words : nitrogen deposition , biodiversity , nutrient limitations , global change
Introduction

Deposition of anthropogenically‐fixed nitrogen from the atmosphere onto plant and soil surfaces is profoundly changing Navailability and ecological stoichiometry in ecosystems worldwide . Since N is typically a major limiting resource in temperateterrestrial systems , this change in nutrient availability may have major consequences for plants and soils in both natural andmanaged rangelands . Historically N deposition research has focused on forests and , to a lesser extent , mesic grasslands inEurope and North America due to the high rates and long‐term , chronic deposition in these areas . However , rates of depositionare currently increasing and the areas of impact expanding , with estimates of large increases in deposition over the next １００years in rangeland areas including Asia , Africa , and South America( Lamarque et al . , ２００５ ) . Understanding , and potentiallymitigating , N deposition influences on rangelands requires development of predictive models of N enrichment on rangeland
plant , community , and ecosystem properties and processes .
Anthropogenic activities have more than doubled the annual inputs of fixed N into the biosphere , and these inputs are expectedto continue to increase in the coming decades ( Vitousek et al . , １９９７ ; Lamarque et al . , ２００５ ) . Some of this fixed N becomesvolatilized from agricultural activities ( primarily as NHx ) or emitted as a result of fossil fuel combustion ( primarily as NOy ) ,and is later deposited from the atmosphere onto terrestrial systems ( Lovett , １９９４) . Deposited N can then become incorporatedinto the biota through root or microbial uptake of N deposited into the soil surface and via foliar uptake of gaseous and
particulate N compounds ( Lovett , １９９４) . This deposited N may affect ecosystem properties , including fundamentally shif tingthe absolute and relative availability of nutrients ( Vitousek et al . , １９９７) .
Aber et al .( １９９８ ) developed a conceptual model overviewing the major influences of N deposition temperate forests . In thismodel , ecosystems at stage ０ are N limited , but chronic N deposition shif ts systems to become progressively less N limited . Bystage ３ systems are N saturated . Following N saturation , net primary production ( NPP) and N mineralization decline , and Nleaching losses are high . Aber et al . (１９９８) further suggest that land use history determines the initial degree of N limitation atthe site , and that the forest stand type ( deciduous or evergreen) dictates the rate at which sites progress through the stages andbecome N saturated . Predicting , and potentially mitigating , rangeland responses to N deposition requires a conceptual modelsimilar to that developed by Aber et al . for forested systems . Considerable uncertainty remains in how rangeland response to Ndeposition will differ from the forest ecosystem responses described by the Aber et al . model . Here I present an overview onsome of the potential effects of N deposition on rangeland plants , communities , and ecosystems , with particular emphasis onkey ways in which rangeland responses may differ from forested ecosystems .
Plant mineral nutrition

At the individual level , Aber et al .(１９９８ ) suggest that N deposition leads to increases in foliar N concentration ; subsequentincreases in processes such as photosynthetic rates and grow th are expected until negative effects of declining Ca :Al and Mg :Nratios dominate . Studies mesic rangeland plant responses to simulated and natural N deposition typically indicate strongresponses to N for the first stages of N deposition , with generally positive responses to N additions in terms of leaf or shoot N ,
photosynthesis , and grow th ( e .g . , Power et al . , １９９５ ; Kirkham , ２００１ ; Throop , ２００５) .However , with the exception of theextremely long‐running Park Grass experiment ( Crawley et al . , ２００５) , the short‐term nature of most rangeland N fertilizationstudies makes results relevant only to the early stages of the Aber et al . model , while systems are still N limited . Long‐term ,chronic N addition experiments are needed to understand shif ts in plant mineral nutritional trajectories following system Nsaturation .



瞯 ]288　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

How might these patterns differ for drier rangelands in which water , rather than N , limits plant grow th ? Studies to datesuggest that dry rangeland plant responses to N are highly species‐specific , with some species showing positive or neutralresponse to N additions , and others showing co‐limitation by water and N ( e .g . , Lajtha and Whitford , １９８９ ; Drenovsky andRichards , ２００４ ; James et al . ,２００５) . Across a precipitation gradient , there was conflicting evidence for shif ts from N to waterlimitation with decreasing precipitation , with responses dependent upon the indices considered ( Hooper and Johnson , １９９９ ) .The authors conclude that co‐limitation affects plants at ecophysiological , community , and ecosystem levels , and that theseinfluences are in turn affected by biogeochemical feedbacks in resource availability . Thus , a mechanistic understanding ofindividual plant‐level responses to N deposition across varying precipitation regimes may require broader scale assessments ofhow N deposition‐induced changes in larger scale ( e .g . community and ecosystem ) processes in turn affect mineral resourceavailability .
Community composition

In contrast to the ecosystem‐focused Aber et al . model , some of the strongest impacts of N deposition in rangelands appear tobe shif ts in the composition of plant communities and interactions among organisms . Nitrogen deposition has been identified asthe third main threat to biodiversity worldwide ( behind changes in land use and climate ) ; and grasslands , savannas , andMediterranean systems may be among the most susceptible to N deposition as these systems are often limited , at least in part ,by N ( Sala et al . , ２０００) . An analysis of functional group responses to N deposition across biomes suggests that rare species ,perennials , N fixers , and native species may be most susceptible to local ex tinction following N enrichment ( Suding et al . ,
２００５) . In rangelands , empirical evidence for decreased plant diversity in response to N deposition is particularly clear forEuropean mesic grasslands and heathlands . A strong negative correlation between deposition load and species richness and coverhas been documented in Great Britain ( Stevens et al . , ２００６) , and it has been estimated that a cumulative load of ７１４ kg N ha － １

would cause species richness to decline by ２５％ ( Stevens et al . , ２００４) . Substantial declines in diversity may occur quite rapidly( within three years) with high rates of N additions , but would likely occur only af ter １０ or more years of chronic , low‐leveladditions characteristic of N deposition (Dise and Stevens , ２００５) . Proposed driving mechanisms for species losses include shif tsin plant competitive abilities with altered resource availability , with N deposition in California grasslands causing competitiveexclusion of native forbs by invasive non‐native grasses (Weiss , １９９９) and losses of forb diversity ( Zavaleta et al . , ２００３) . Incontrast , coastal sage scrub subject to N deposition transitions from dominance of shrubs to dominance of grasses ( Egerton‐Warburton et al . , ２００１ ; Wood et al . , ２００６) . In Minnesota , species richness declined rapidly with N fertilization , and led to ashif t from C４ warm‐season grasses ( with typically high N use efficiencies) to C３ cool‐season grasses ( with typically low N useefficiencies) (Wedin and Tilman , １９９６) . Though there are many system‐specific differences in particular groups that are lost ,there is a clear common pattern of declining rangeland diversity with N inputs . This is in strong contrast to forested ecosystemresponses where shif ts in dominant canopy species are not commonly reported . However , given the lifespan of trees , changes incommunity composition of forested ecosystems would be expected to occur over much longer temporal periods . Given strongcontrols of community composition on many ecological processes , deposition‐induced changes in plant community diversity willlikely be a key variable for understanding and predicting rangeland responses to N deposition .
In contrast to mesic systems , N deposition into dry rangelands may have fewer consequences for community composition if
plants are limited by soil moisture rather than N . However , relatively little is known about mineral nutrient‐induced shif ts inspecies composition in arid and semi‐arid rangelands . In the northern Chihuahuan Desert , fertilization studies suggest that Ndeposition may cause increased grass cover and decreased legume abundance , as well as lead to a shif t in the dominant grassspecies(Baez et al . , ２００７ ) . In the same desert , N treatments shif ted species composition , leading to a loss of C４ summerannuals ( Gutierrez and Whitford , １９８７ ) . Species diversity in dry rangelands may be maintained in part by resource pulses( Chesson et al . , ２００４) , suggesting that temporal relationships between precipitation and N deposition patterns could also affectcommunity patterns . Additional N fertilization studies in dry rangeland systems are needed to develop an understanding and
generalize about how , if at all , N deposition and precipitation patterns interact to affect plant communities .
In addition to driving changes in plant community composition due to alteration of mineral resource availability , evidence to datesuggests that N deposition may affect relationships between plants and secondary stresses such as insect herbivory . These shif tsmay in turn influence community and ecosystem processes ( Throop and Lerdau , ２００４ ) . In mesic grasslands , simulated Ndeposition affects the survival or performance of insect herbivores ( e .g . , Power et al . , １９９８ ; Throop , ２００５) ; these changesmay affect herbivore populations ( e .g . , Haddad et al . , ２０００) and may ultimately affect plant community composition ( Poweret al . , １９９８ ; Carroll et al . , ２００３ ) . In the case of the dominant heathland shrub Calluna vulgaris in Britain , N deposition‐induced increases in susceptibility to secondary stresses such as insect herbivory and winter frost injury appears to be a factor incommunity change from shrubland to grassland( Power et al . , １９９８ ; Carroll et al . , ２００３ ) . Similarly , simulated N depositionincreased the fungal pathogen load for C４ grasses in a Minnesota grassland , apparently as a result of increased foliar Nconcentration ( Mitchell et al . , ２００３) . Conversely , N deposition‐induced shif ts in plant communities may also affect herbivoreand pathogen diversity . In Sweden , declines in butterfly species richness appear to be due , at least in part , to changes in plantcommunity composition driven by N deposition . Butterfly species most likely to be lost are those reliant on nutrient‐poorconditions , with greatest local extinctions occurring for those species in areas with greatest encroachment of woody plants into
grasslands ( Ockinger et al . , ２００６) . Similarly , checkerspot butterfly populations in California have declined in areas where N
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deposition facilitates invasion by non‐native grasses and competitive exclusion of butterfly host plants . This cascade of events is
prevented with moderate grazing as cattle graze preferentially on grasses (Weiss , １９９９) .
Ecosystem processes

Aber et al . (１９９８) focus their model on the ecosystem level , positing that net primary production ( NPP) increases with initialN deposition , but begins to decline as the system becomes N saturated ( stage ２ ) . Simulated N deposition typically increasesNPP in mesic rangelands(Dukes et al . , ２００５ ; Bassin et al . , ２００７ ; Chung et al . , ２００７) , but it is unclear whether sustained Ndeposition will eventually cause declines in NPP similar to those exhibited by forests . These declines occur as a result ofdeposition‐induced losses of base cations , mobilization of aluminum , and subsequent nutrient imbalances and aluminum toxicity
( Aber et al . , １９９８ ) . Initial increases in NPP in response to N deposition may not occur in drier rangelands where water and Nco‐limit production , although eventual declines in NPP could still occur if nutrient imbalances or aluminum toxicity occur .However , the response of NPP to N deposition in rangelands may be much more complex than in forested systems if deposition‐induced shif ts in community composition substantially affect NPP . Studies with manipulated plant community diversity patternshave found that simulated N deposition leads to greater stimulation of NPP in high diversity communities than low diversitycommunities ( Reich et al . , ２００１ ; Chung et al . , ２００７) . Thus , there may be complex interactions between diversity and NPPwhereby N deposition initially causes increases in NPP , but that these increases are offset by declines in plant diversity and bya subsequent dampening of the positive influence of N on NPP .
Mounting concerns over rising concentrations of atmospheric carbon dioxide , along with the possibility of economic incentivesfor carbon ( C) sequestration , underscore the importance of understanding the extent to which N deposition influences system Csequestration capacity . If N deposition affects NPP , these changes could translate into altered C storage , although N depositionhas less potential to strongly affect C sequestration in rangelands than forested systems because of minimal capacity inrangelands for C storage in woody tissue ( Townsend et al . , １９９６) . Once again , empirical evidence suggests that N deposition‐induced changes in community composition may be an important driver of rangeland C sequestration response to N deposition .Soil organic C storage increased in a Minnesota grassland under simulated N deposition , but only under diversity treatmentswhere the plant species present exhibited elevated foliar lignin concentration in response to N deposition(Dijkstra et al . , ２００４) .Nitrogen deposition could potentially lead to large changes in rangeland C sequestration if deposition leads to increased woody
plant biomass . However , although positive correlations between N deposition rates and woody plant expansion have beenreported ( Kochy and Wilson , ２００１ , ２００５) , conclusive drivers of woody plant expansion in rangelands remain elusive ( Archeret al . , １９９５) .
Ecosystem processes mediated by microbial activity may be strongly affected by N deposition , with Aber et al . ( １９９８ )proposing that N mineralization mirrors NPP with declines following N saturation , while nitrification and N leaching increasefollowing N saturation . Indeed , simulated N deposition can increase N mineralization rates in rangelands ( Morecroft et al . ,
１９９４ ; West et al . , ２００６) . However , as with foliar N and NPP , it is not clear whether chronic N deposition‐induced shif ts inmineral resource availability will cause eventual declines in N mineralization in rangelands . Also in congruence with the Aber etal . model , simulated N deposition caused increased nitrification and leaching in a dry coastal dune grassland ( ten Harkel et al . ,
１９９８) and increased nitrification in a Mediterranean grassland ( Barnard et al . , ２００６ ) . These patterns may be the result ofaltered resource availability to microbes driving changes in metabolic activities and biomass , although evidence to date suggeststhat simulated N deposition in rangelands can also strongly affect microbial community composition and function(Bradley et al . ,
２００６ ; Chung et al . , ２００７ ) . However , changes in these microbially‐mediated processes may also be indirectly affected bychanges in plant species richness , with the positive response of microbial biomass to N additions positively related to speciesrichness in a Minnesota grassland ( Chung et al . , ２００７) . Leaching of N from a Minnesota grassland was also enhanced with Nadditions , but once again these were affected by plant species richness , with greater losses from monoculture plots as comparedto high diversity plots ( Dijkstra et al . , ２００７ ) . Predicting rangeland ecosystem responses to N deposition will thus requireunderstanding not only how N enrichment directly affects microbially‐mediated processes , but also the nature of N depositionimpacts on plant community composition , and how these changes in turn indirectly mediated ecosystem‐level processes .
Conclusions

Projected increases in the deposition of anthropogenically‐fixed N into rangelands will drastically shif t mineral resourceavailability in these systems . The majority of N deposition research to date on the impacts of atmospheric N deposition hastaken place in forested ecosystems . As such , much uncertainty remains regarding rangeland response to chronic , low‐level Nadditions . This is particularly true in drier rangelands where water is typically a major limiting or co‐limiting resource .Developing predictive models for rangeland response to N deposition will require long‐term experimental work spanning fromthe physiological to the ecosystem level . One clearly apparent contrast from the conceptual model developed by Aber et al .
(１９９８ ) for N deposition influences in forested ecosystems is that decreases in plant community diversity are a major consequenceof N deposition in rangelands . Thus , N deposition in rangelands may have both direct consequences from altered mineralresource availability , as well as indirect consequences mediated by shif ts in plant community composition . The sustainability ,forage quality and quantity , and aesthetic value of rangelands may all be affected by N deposition . Indeed , a recent economic
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analysis suggested that the net financial benefits for decreasing N deposition loads may be particularly high in grasslandecosystems ( Wamelink et al . , ２００７ ) . These benefits can only be clearly calculated , however , with a comprehensiveunderstanding of rangeland responses to N deposition . Rangeland researchers must face the challenge of developing predictivemodels of N deposition impacts on rangeland plant , community , and ecosystem properties and processes . Characterizing theseresponses and making generalizations across sites that differ in dominant vegetation and precipitation regime is crucial forunderstanding , and potentially mitigating , the negative consequences of N deposition on rangelands .
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Nitrogen cycling in intensively grazed pastures and practices to reduce whole‐farm nitrogen losses
S .F . Ledgard , J . L uo
A gResearch , Ruakura Research Centre , Priv ate Bag 3123 , H amilton , New Zealand ,E‐mail :stew art .ledgard＠ agresearch .
co .nz

Key points

１ . A large proportion of the N ( ＞ ７０％ ) consumed by grazing animals is excreted and this excreta is the main source of Nlosses from grazed pastures by ammonia ( NH３ ) volatilisation , nitrous oxide ( N２O) emission and nitrate ( NO －
３ ) leaching .

２ . Management strategies and practices that can reduce N losses in grazing systems include optimising N inputs , manipulatingsoil N cycling processes , selecting for plants and animals that maximise N utilisation and altering grazing and feedingmanagement .
３ . Using stand‐off / feed pads or housing systems for removing grazing animals off pasture during greatest risk periods of N losscan reduce excreta deposition to soil at these times , thereby reducing N leaching and N２O emissions . However , NH３ losses asa result of �N pollution swapping" need to be controlled .
４ . Mitigation strategies and practices always need to be evaluated in a whole farm system contex t to ensure overall efficiency
gains through decreasing N losses per unit of animal production and to achieve a tighter N cycle .
Key words :Nitrogen , grazed pasture , leaching , nitrous oxide , ammonia , nitrogen loss , mitigation strategy
Introduction

Grasslands cover between ２０ and ４０％ of the earth摧s land surface ( Reynolds et al . ２００５) . Some of the land occurs naturally inthe semi‐arid climate with no external inputs . These extensive low input systems may be legume‐based , but production is oftenlimited by N availability . In the more humid regions including Australia , New Zealand ( NZ ) and parts of North and SouthAmerica and Europe , most pastoral land is managed . The managed pastures are generally more productive with higher per‐hectare animal productivity as an important goal for the pastoral farmers . Input of resources including N fertiliser to themanaged pastures can be substantial , resulting in a large N surplus ( i .e . N inputs‐N outputs in products ) . For example , Nsurpluses of １５０ to ２５０ kg N ha‐１ yr‐１ occur in highly productive dairy farm systems in the Netherlands and northern Germany( Rotz et al . ２００５) .
In grazed pastures , the conversion of consumed N into product is low and a substantial amount of N ( ＞ ７０％ ) is recycledthrough the direct deposition of animal excreta . Such a low utilization of pasture N reflects a simple feature of the pasture‐animal relationship ; in most situations , pasture plants require significantly higher concentrations of N to grow at optimal ratesthan is needed by the grazing ruminant for amino acid and protein synthesis ( Haynes and Williams １９９３) . The proportion of Nin the urine increases with increasing N content of the diet . In most intensive high‐producing pasture systems , where animalintake of N is high , more than half the N is excreted as urine .
The large N surplus and low N utilisation in intensively grazed pasture systems increases the risk of N losses to waterways andthe atmosphere . There have been increasing concerns about the environmental impacts of the N losses , and accordingly ,research has been focusing on developing strategies and practices to reduce the losses . This paper first outlines major Ntransformations and losses in managed grazed pastures and then presents a range of options that can be used to reduce N lossesfrom intensively grazing systems .
Nitrogen transformation processes leading to N losses in grazed pastures

The transformations and losses of N in managed grazed pastures have been previously reviewed ( e .g . Haynes and Williams
１９９３) . The N in excreta following deposition undergoes microbial mineralisation before it is released as ammonium ion forms( NH ＋

４ ) and NH３ . This mineralisation of N is much faster from urine than from dung . N can be lost to the atmosphere by NH３volatilisation , or converted to nitrate ( NO －
３ ) through nitrification process by nitrifying bacteria in soil . NO －

３ is then prone toleaching losses and denitrification . Denitrification is the conversion of NO －
３ to gaseous N products ( N２O and N２ ) . The primarytransformations leading to N losses are ammonia volatilisation , nitrification and denitrification . The magnitude of N input to

grazed systems is generally the main factor determining the N surplus and therefore the potential for N losses . For example ,Ledgard et al . (１９９９ ) found that a three‐fold increase in total N inputs to intensively‐grazed dairy pastures in NZ resulted in afour‐fold increase in N surplus , a four‐to five‐fold increase in gaseous and leaching losses , and a halving of the N use efficiency( Table １) . A summary of dairy farm systems across western Europe showed an even wider range in amount and form of Ninputs , N outputs , and N surplus , with denitrification being generally higher overall and N leaching lower ( Bossuet et al .
２００６) .
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Table 1 N inputs and outputs f rom intensive dairy f arm systems in NZ receiv ing N f ertiliser at nil or ４１０ kg N ha‐１ y r‐１
（Ledgard et al . １９９９ and unpublished data) . Bracketed v alues are range in N f lows measured over ５ years . Data are
compared w ith that f rom a range o f f arm systems in western Europe (Bossuet et al . ２００６ ) .

０ N ( NZ) ４１０ N ( NZ) EU farms
N Inputs ( kg N ha‐１ yr‐１ ) :
Clover N２ fixation ＋ atm . dep . １７０ (９０‐２２０) ５０ (２５‐１３５) ６‐１３３  
Fertiliser N ０ K４１０ 8０‐２６２  
Manure N ( imported) ０ K０ 苘０‐２２ 珑
Purchased feed ０ K４１  ６‐４８９  
N Outputs ( kg N ha‐１ yr‐１ ) :
Milk ＋ meat ７８ (６８‐８３) １１４ (９０‐１３５) ２０‐１２７ C
Transfer of excreta to lanes/ sheds ５３ (４１‐６３) ７７ (７２‐９１)
Denitrification ５ (３‐７) ２５ (１３‐３４) １０‐４１  
Ammonia volatilisation １５ (１５‐１７) ６８ (４７‐７８) １８‐８１  
Leaching ３０ (１２‐７４) １３０ (１０９‐１４７) １６‐６３  
Immobilisation of fertiliser N ７０ (６０‐８４)
N balance ( kg N ha‐１ yr‐１ ) : ‐１１ (‐７４ to ＋ ４７ ) ７ (‐１１ to ＋ ２４)
Farm N surplus ( kg N ha‐１ yr‐１ ) : ９２ y３８７ 8７０‐４６３ C
N use efficiency ( product‐N / input‐N) ４６％ ２３％ ２２‐３６％

Ammonia volatilisation In grazed pastures , biological degradation of animal excreta and hydrolysis of fertilisers containing ureaand ammonium ions leads to the continuous formation of NH３ in the soil , which can volatilise to the atmosphere . Jarvis et al .
( １９８９) found that NH３ loss from urine patches increased under high N fertilisation because more N was excreted in urine . LessNH３ is lost from grazing systems than from animal housing systems , where the combined loss from the animal houses , manurestorage and field application can be large . Jarvis and Ledgard ( ２００２ ) made a critical comparative analysis of NH３ losses fromtwo contrasting model dairy systems in the United Kingdom ( UK ) and NZ . The desk study has demonstrated distinctdifferences between the two farming systems in terms of total N input , N off‐take , N surplus and per hectare NH３ loss . Thesevalues were １ .７ , １ .２ ,１ .８ and ２ .４ times higher in UK than in NZ , respectively . The greater per hectare loss of NH３ in the UKfarm was attributed mainly to the higher fertiliser N input , and to the housing of animals and the subsequent spreading of themanure to the farm . However , when NH３ loss was expressed in relation to the farm N surplus , there was little differencebetween the two farms with NH３ loss being approximately ２０％ of the N surplus in each case .

　 Figure 1 Nitrate leaching f rom grazed pasture systems as
a f f ected by total N input . Data are a summary o f
studies in NZ , France and UK . The line o f best f it is an
ex ponential f unction obtained by f itting the data on the
log scale .

N itrogen leaching Review of research on grazed systemssuggests that NO －
３ leaching increases exponentially withincreased N inputs ( Figure １ ) . Studies have also shown thegreater importance of urine N compared to fertiliser N incontributing to NO －
３ leaching , and urine typically contributes

７０％ ‐９０％ of total N leaching loss ( reviewed by Monaghan etal . ２００７) . Fertiliser N is generally used efficiently by pasturesbut it enhances pasture N uptake and pasture N concentrations ,thereby exaggerating N excretion in urine and increasing risk ofloss . NO －
３ leaching losses are much higher during winter as aresult of high rainfall and low evapotranspiration . Winterleaching of N can be further exacerbated by dry summer/autumn conditions and an associated slowing down of plant

grow th , which results in a build‐up of NO －
３ levels in soil byautumn ( Scholefield et al . １９９３) . Estimates of N leached frommanaged pastures vary widely , ranging from ６ to １６２ kg N ha‐１

yr‐１ and this is due to differences in N input , pasture N uptake ,soil drainage and animal type ( e . g . Stout et al . ２０００ ) .Leaching of Ca２ ＋ and other base cations is associated withleaching of NO －
３ , which can potentially decrease soil pH

( Haynes and Williams １９９３) . Leaching of N forms other thanNO －
３ is generally low and not measured . However , ammonium leaching can occur on some soils and may be enhanced where
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mitigation practices target reduced nitrification . Recent research also indicates that in some situations , dissolved organic N canbe a significant source of N leached ( Jones et al . ２００４) .
Nitrous ox ide emission High N２O emission rates in grazed pastures have been observed ( e .g . Hyde et al . ２００６) and these highrates are associated with N and C from the deposition of animal excreta to the soil and anaerobic conditions as a consequence ofsoil compaction caused by animal treading . Wet soil conditions soon after N fertilisation or grazing resulted in high N２Oemissions from pastures . N２O emissions from dairy pasture soils in New Zealand and Australia ranged from ６ to １１ kg N２O‐Nha‐１ yr‐１ （Dalal et al .２００３ ; Luo et al . ２００８a) , where losses of up to ２９ kg N２O‐N ha‐１ yr‐１ have been recorded from an Irelandgrassland with N application rate of ３９０ kg N ha‐１ yr‐１ （Hyde et al . ２００６ ) . There has been limited research on practices toincrease the ratio of N２ :N２O emitted and more applied research is needed to identify options to increase loss of the benign N２relative to the potent greenhouse gas N２O .
Management practices to reduce N losses

Strategies to reduce N losses from grazed pastures need to focus on reducing the N surplus in the system and on increasing Nuse efficiency through converting more N to animal products such as milk , meat and wool . As outlined in Figure ２ , there is arange of possible management strategies and practices that can be used to reduce N losses from grazed pastures . Some are inuse , whilst others need further research and development before adoption . Larger reduction of N losses may be achievablethrough the use of multiple strategies . However , the individual effects of each strategy may not necessarily be cumulative .

Figure 2 On‐f arm management strategies f or reducing N losses .

Soil , N fertiliser and f arm manure management

Soil management Soils differ in their risk of N losses . For example , poorer‐draining clay‐textured soils generally have higherdenitrification and N２O losses and lower N leaching . Reduction in N２O losses could be achieved by altering soil conditions e .g .liming , improving drainage and avoiding soil compaction , although the general applicability of these methods is limited .However , this can result in the dichotomy of N pollution swapping , such as improved drainage reducing N２O emissions butincreasing N leaching . Farmers can also alter efficiency of N cycling in soil by strategic immobilisation of excess N prior to highN loss periods such as by carbon addition or by controlling N transformation processes in soil ( e .g . inhibiting nitrification byuse of inhibitors) .
N f ertiliser or manure management Appropriate fertiliser or manure N management decisions should be made to optimiseapplication rates and timing to ensure efficient use of the applied N . Limiting the amount of N fertiliser or manure applied underwet conditions in autumn and winter , when pasture grow th is slow and soil is wet , can decrease direct leaching of fertiliser ormanure N and N２O emissions ( van der Meer ２００８ ) . Techniques , such as incorporation and injection of effluent and animalmanure into the soil , are available that reduce the amount of NH３ volatilisation during and after field application ( Sommer et al .
２００３) , but these techniques increase CO２ emissions because more fuel is required ( Hansen et al . ２００３) . These NH３ reductiontechniques may also lead to N pollution swapping with associated increased N２O emissions and leaching from the soil (Brink etal . ２００１) .
N p rocess inhibitors Technologies employing urease and nitrification inhibitors ( NI ) can be used as effective mitigation
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alternatives to control N losses from urine and N fertiliser by acting on the N processes of urea hydrolysis and nitrificationrespectively . For example , studies have shown that both NO －
３ leaching and N２O emissions from urine patches can be

potentially reduced by up to ７０％ with land application of NI onto pastures ( reviewed by Monaghan et al . ２００７ ) .Alternatively , this reduction could be achieved by strategically targeting the urine patches . A detailed animal metabolism studyhas shown that NI can be delivered to animals ( e .g . using a slow‐release bolus ) and excreted intact in the urine resulting ininhibition of nitrification of urine‐N on deposition to soil ( Ledgard et al . ２００８ ) . A recent field grazing study using this novelapproach showed a ３０％ reduction in both NO －
３ leaching and N２O emissions ( Ledgard and Luo , unpublished ) . However ,accumulation of NH３ and NH ＋

４ due to the use of NI may increase potential of NH３ volatilisation and NH ＋
４ leaching .

Plant and animal selection

Some strains of ryegrass have been shown to have increased rooting depth ( Crush et al . ２００７ ) which increases their ability toremove N from a greater depth of soil , thereby potentially reducing the risk of N losses . In plants with high tannin levels whichare consumed by grazing animals , less N is excreted in urine relative to dung ( e .g . Misselbrook et al . ２００５) . Studies by Merryet al . ( ２００３ ) have shown that feeding beef cattle with grass silage containing elevated concentrations of water solublecarbohydrates increased the N use efficiency for microbial grow th in the rumen from ４６％ to ６８％ . Similarly , Miller et al .(２００１ ) found that dairy cows on a �high sugar" variety of perennial ryegrass excreted １８％ less N in total and ２９％ less urineN . Thus , manipulation of plant composition offers potential to reduce N excretion in the urine , thereby reducing the risk ofsubsequent N losses from this highly concentrated N source . Plants also have the potential to alter soil N cycling via the qualityof their residues . We have measured a １０‐fold difference in gross N immobilisation rate between non‐N‐fertilised grasslanddominated by A grostis and Holcus spp . compared to ryegrass with a regular N fertiliser history . Such differences inimmobilisation potential may be important controllers of N losses from N sources such as animal urine .
Animal type influences the efficiency of N cycling . Our field research showed less NO －

３ leaching from sheep or deer than frombeef cows for the same level of pasture N intake , associated with greater spread of urine‐N and increased efficiency of N cycling( Hoogendoorn et al . unpublished data ) . Breeding and selection of grazing animals for increasing productivity is also anattractive option to reduce N losses . For example , increasing milk production efficiency in dairy cattle will partition more N tomilk formation relative to maintenance and reduce the amount of N that ends up in excreta . Similarly , growing meat‐producinganimals to their finishing weight more quickly reduces the associated maintenance requirements , thereby reducing total intakeand N excretion . This also reduces methane and N２O emissions thereby reducing their greenhouse gas footprint .
Feeding and whole‐system management

Low N f eed sup p lement Pasture typically contain an excess of protein relative to animal requirements and supplements withlow protein feed ( e .g . maize silage) can increase efficiency of N utilisation ( e .g . Kebreab et al . ２００１) . Potentially , diets canbe managed to meet animal requirements such as by supplementing with low protein feed at high levels in non‐lactating animalswith lesser protein demand than for periods of high milk production . However , such strategies need to account for the wholesystem , as discussed later .
Diet additives or manipulation Animal supplementation studies have shown that salt addition to feed can also increase urinevolume , decrease urine‐N concentrations ( Ledgard et al . unpublished data ) and increase spread of urine , thereby possiblyincreasing N efficiency and decreasing N losses . Kool et al . ( ２００６ ) showed that increasing the hippuric acid concentration inurine reduced N２O emission by up to ５０％ in a laboratory study , and suggested that manipulating the diet of animals to increasethe hippuric acid content of the urine could be potential N２O mitigation strategy . Further research on this is required .
Nil or restricted graz ing systems In temperate environments with winter grazing , practices involving the use of stand‐off / feedpads or housing systems can reduce N２O emissions and NO －

３ leaching . With this practice , animals are kept off grazing
paddocks , so excreta deposition is reduced at a time when it leads to greatest N losses ( e .g . late‐autumn/winter ) . Thispractice provides opportunity for controlling N losses , as the animal excreta is collected and can be applied evenly to the pastureat targeted rates and optimum time when the risk for N losses is minimal ( Luo et al . ２００８b ; van der Meer ２００８ ) . In thesesystems , collection and application of large quantities of manure become critical for N use efficiency , as there are manyopportunities and places for N compounds to escape from animal manure management systems . Management techniques areincreasingly important with these practices to avoid N pollution swapping ( e .g . reducing N leaching from paddocks butincreasing NH３ loss from animal houses) . However , studies ( e .g . van der Meer ２００８ ) suggest that N losses could be muchhigher for animals grazing on pastures than for housed animals with optimised effluent treatment using anaerobic lagoons .Anaerobic digestion of the animal manure during storage has an additional potential advantage of producing methane as biofuel .
Whole system e f f iciency Management of all factors involved in the N cycle to reduce N losses in animal grazing systems iscomplex , and requires a whole farm systems approach . If management practices are used to reduce N loss in one part of thesystem , the preserved N is prone to loss elsewhere if all parts are not equally well managed . The measure of the N efficiencyneeds to take account of N losses per unit of production as well as per unit of land . Management practices and technologies that
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increase the N efficiency within the soil/ plant / animal system are likely to increase pasture and animal productivity , which inturn , is likely to increase methane emissions ( e .g . increased stocking rates) . Preferably , increased N efficiency would be metby reducing N inputs and operating a tighter N cycle . Additionally , a whole‐system approach needs to consider the whole foodchain and to account for multiple environmental emissions and efficiency of use of resources such as energy , through the use oftools such as Life Cycle Assessment ( LCA) . LCA use is relatively new to agriculture and studies have shown that the majorityof environmental emissions are associated with the on‐farm stages . A recent dairy farm system study used LCA to examine theeffects of some intensification and N mitigation options (Basset‐Mens et al . ２００８ ; Figure ３ ) . Intensification using N fertiliserincreased milk production per dairy‐farm hectare by ２３％ and increased profitability , but led to a large reduction in energyefficiency and an increase in emissions of N sources and greenhouse gases per kg milk . In contrast , further intensification withmaize silage ( ＋ ７８％ milk production per dairy‐farm hectare) resulted in little change in environmental efficiency ( increasedefficiency on the dairy farm but significant losses from the crop area) but increased energy use and decreased profitability .Integration of a winter stand‐off or feed pad decreased N leaching , N２O and total greenhouse gas emissions , but reduced
profitability .

Figure 3 E f f ects o f intensi f ication on p ro f it ha － １ (bsaed on Economic Farm surp lus ) ,energy use e f f iciency
and env ironmental e f f iciency indices estimated using L i f e Cycle A ssessment f or NZ dairy f armlet systems
relative to a non‐N f ertiliser clover‐based f armlet( f rom Basset‐Mens et al .２００８ ,Jensen et al .２００５ ) .

The actual farmer practices and likelihood of adoption of environmental mitigation technologies are dependent on many factors .For example , a farmer group study using a Multiple Criteria Decision Making tool to examine a range of potential systemsinvolving N mitigations ranked a system using a winter stand‐off or feed pad poorly because of criteria such as capitalrequirements , risk , stress , extra skills and labour needs ( Dooley et al . ２００５ ) . These studies highlight that environmentalefficiency can vary markedly with different farm systems and practices , but that achieving adoption of environmentally efficient
practices by farmers requires consideration of economic and social factors as well as production and environmental factors .
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Salt driven interactions between Salsola inermis and Pistacia lent
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Introduction In the live germplasm collection of Pistacia spp . ( Anacardiaceae ) , at the Jacob Blaustein Institutes for DesertResearch , Ben‐Gurion University of the Negev , Israel , Salsola inermis ( Chenopodiaceae) grows around trees of Pistacia spp .(６０ ～ １００ cm from the trunk) , but its grow th in the vicinity of P . lentiscus was inhibited . P . lentiscus is an evergreen aromaticbig Mediterranean shrub , rich in resin and essential oil , composed mainly of the monoterpenes α‐pinene , limonene , sabinene ,and the sesquiterpene germacrene D ( Barazani et al . ２００３ ) . Monoterpenes and sesquiterpenes such as α and β pinene ,camphene , limonene , α‐phellandrene , pulegone and camphor are known to possess phytotoxic effect . Moreover , theallelopathic effect of some plants was reported to be associated with the release of essential oil to the soil .
S . inermis is an annual which germinates in the beginning of winter , develops during summer , flowers and produces seeds inautumn . It grows in big patches , and its distribution is limited to saline and disturbed habitats in arid regions . It was assumedthat allelopathy is involved in grow th inhibition of S . inermis around P . lentiscus . In this study , we aimed to test the nature ofthese interactions .
Materials and methods The Pistacia spp . germplasm collection field is located in the Negev desert highland of Israel . Theaverage yearly rainfall is ９０ mm , concentrated in the winter months ( November to March) . Summer and winter maximum andminimum temperature averages are ３５ and ２０ ０C and １５ and ０ ０C , respectively . Plants of Pistacia were planted during autumnof １９９６ and are growing in loess soil , under the same environmental conditions for the last １０ years ( Golan‐Goldhirsh andKostiukovsky , １９９８ ) . During the dry season ( April‐November) , plants are irrigated by drip irrigation ( Netafim , Israel) twiceweekly , and as necessary during winter . Germination of Salsola inermis occurs during winter . Then , wide patches of seedlingsare observed in the field . All analyzes reported were conducted during the growing season of S . inermis in summer of ２００２ .
Results and discussion The grow th of Salosla inermis plants is inhibited in the vicinity of the evergreen Pistacia lentiscus , butnot around deciduous P . atlantica and P . chinensis . The study of this observation at the Pistacia spp . germplasm collection atthe Jacob Blaustein Institute for Desert Research , Israel , is reported in this paper . In v itro bioassays did not reveal allelopathiceffect . Moreover , germination of S . inermis seeds on filter paper moistened with P . lentiscus‐soil filtrate was twice as high asthat in deciduous trees‐soil filtrates . Nevertheless , fresh and dry weights of mature S . inermis growing next to P . atlanticaand P . chinensis was ２ .９ to ４ .８ times higher than that of plants growing in the vicinity of P . lentiscus . Conductivitymeasurements in summer , during the grow th season of S . inermis , indicated that soil salinity beneath deciduous Pistacia treeswas １６ .５ ～ １７ .５ mS and below P . lentiscus was ２ .５ mS . It is therefore proposed that salt depletion in the vicinity of P .
lentiscus inhibits its grow th , pointing to the halophylic nature of S . inermis .
In an hydroponic experiment , young seedlings of P . lentiscus grew for a month in a medium containing NaCl at ５０ and １００mM , not showing stress symptoms . In addition , no significant differences ( p ＞ ０ .０５ ) were found in stomatal conductancebetween plants growing in control and in salt treatments , although a trend of decline was obtained at １００ mM . The resultsindicated that P . lentiscus is able to tolerate and accumulate salt , which contributes to its wide distribution along theMediterranean coast .
ReferencesBarazani , O . , Dudai , N . and Golan‐Goldhirsh , A . ２００３ . Comparison of Mediterranean Pistacia lentiscus genotypes byrandom amplified polymorphic DNA , chemical , and morphological analyses . J Chem Ecol ２９ : １９３９ ～ １９５２ .Golan‐Goldhirsh , A . and Kostiukovsky , V . １９９８ . Mediterranean Pistacia genus germplasm collection at Sede Boqer Israel .
A cta Hort . ４７０ : １３１ ～ １３７ .
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Effect of tillage and slurry application on soil quality and CO2 emissions
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Introduction Agricultural ecosystems generally contain less soil organic carbon ( SOC) pool than their potential capacity becauseof the low return and high rate of mineralization of biosolids , and severe losses due to accelerated erosion and leaching . Thedepletion of SOC pool leads to decline in soil biological quality and resilience with attendant reduction in biomass productivity ,decreased capacity to degrade and filter pollutants , increased risks of soil degradation by erosion and other processes , andincrease in emission of greenhouse gases ( GHGs) . Some farming practices , such as organic fertilization , no‐tillage and legume‐based rotations can mitigate these problems . The main objective of the current work was to study the effects of the utilization ofcow slurry and no‐tillage on soil quality and CO２ emission . We also intend to study the potential of soil microbial activity toassess the effect of these agricultural practices .
Materials and methods In Spring ２００５ , a ２‐year field assay was established in Basque Country ( northern Spain) , in an acid ( pH
＝ ５ .１) silty clay loam soil . The field assay consisted of an intensive crop rotation ( cereal‐legume mixture in winter / forage cornin summer) . The following treatments were applied in a randomized complete block design with ３ replicates : ( i) convencionaltillage ＋ mineral fertilization , ( ii) convencional tillage ＋ cow slurry , ( iii ) no‐tillage ＋ mineral fertilization , and ( iv ) no‐tillage ＋ cow slurry . An absolute control ( v ) , consisting of a contiguous native meadow , was also studied . Mineralfertilization consisted of １５０ kg N ha‐１ , １００ kg P ha‐１ , and １５０ kg K ＋ ha‐１ and similar doses were used for the organicfertilization treatment with fresh cow slurry . For the conventional tillage , soil was ploughed to ２５ cm with a mouldboard
plough and then rotavated . Direct sowing for the no‐tillage treatment was carried out with a Semeato machine . Soil OM content( MAPA , １９９４) , dehydrogenase activity (Dick et al . , １９９６) and CO２ emission ( PP‐Systems EGM‐４ / SRC‐１) were measured .Data were analysed using ANOVA and Fisher test .
Results and discussion The highest value of soil OM content was found in no‐tilled and organically ( cow slurry ) fertilized plots ,although the differences were statistically significant only when compared to those conventionally tilled plots treated withmineral fertilizer . Soil dehydrogenase activity , which apparently plays a role in oxidation of organic matter , also showed thehighest value in no‐tilled and organically fertilized plots , but in this case it was significantly higher than all the rest of thetreatments . Dehydrogenase activity can be more sensitive to treatments most likely due to its being associated with viablemicrobial populations (Dick et al . , １９９６) . Within each tillage system , plots amended with cow slurry showed higher values ofdehydrogenase activity . Regarding CO２ emission , conventional tillage seemed to increase CO２ flux to atmosphere .

Table 1 E f f ect o f treatments in summer ２００７ .Di f f erent letters w ithin each line indicate signi f icant di f f erences ( p ＜ ０ .１ ) .

Till ＋ Mineral Till ＋ Slurry No‐till ＋ Mineral No‐till ＋ slurry
OM content ( ％ ) ２ Ё.７１ ± ０ .０５a ２ �.９２ ± ０ .０７ab ２ 哪.８８ ± ０ .０９ab ２ 妸.９９ ± ０ .０９b

Dehydrogenase ( mg INTF kg － １ dry soil h － １ ) ０ Ё.３３ ± ０ .０９a １ 技.２３ ± ０ .１８a ０ 蜒.３７ ± ０ .１３a ３ 妸.７７ ± １ .３５b

CO２ emission ( g CO２ m － ２ h － １ ) ０ Ё.４６ ± ０ .１６a ０ 技.５０ ± ０ .０２a ０ 蜒.２３ ± ０ .０３a ０ 妸.３９ ± ０ .０２a

Conclusions Cow slurry application increases soil OM content and dehydrogenase activity , particularly when is combined withno‐tillage . Dehydrogenase activity has a great value as early and sensitive indicator of changes in soil properties induced bydifferent systems of tillage and fertilization . No‐tillage can contribute to reduce CO２ emission form soil .
Acknowledgement We gratefully acknowledge financial support from INIA ( RTA ２００６‐００１５３‐C０２‐０２) .
ReferencesMAPA , １９９４ . M todos Oficiales de An lisis III . Madrid , Espa鼻a : Mo de Agricultura , Pesca y Alimentación , p . ６６２ .Dick , R .P . , Breackwell , D .P . , Turco , R .F . , １９９６ . Soil Enzyme Activities and Biodiversity Measurements as IntegrativeMicrobiological Indicators . In : Doran , JW , Jones A J . Methods for Assessing Soil Quality . Madison : Soil Science Societyof America , ２４７‐２７１ .
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Resources use efficiency in tall fescue and annual ryegrass pastures with different nitrogen
nutrition (Humid Pampa , Argentina)
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　 Figure 1 Forage accumulation ( a) , N up take (b)
and radiation use e f f iciency ( RUE ) w ith
ap p lied N ap p lied in late autumn ( AUT ) or
in early sp ring ( SPR) . LM , annual ryegrass .
FA , tall f escue .

Introduction The Humid Pampa pastures frequently grow undersuboptimal N nutrition . The series of experiments presented here weredesigned to better understand the agronomical impact and the efficiencyof N fertilization practices that are expected to have an increasingdemand because of the eminent agriculture area expansion in the region .Results on radiation and N use efficiency for two conspicuous temperateforage grasses‐Festuca arundinacea Schreb . ( FA ) or Lolium
multi f lorum Lam . ( LM ) ‐under different N fertilization levels appliedin late autumn ( AUT ) or in early spring ( SPR) are reported .
Materials and methods Experiments were conducted in the EEA INTABalcarce ( ３７°４５′ .S lat . ５８°１８′ W long .) on Typic Argiudol soils in
１９９４ , １９９５ , １９９７ , ２００３ and ２００５ ( LM ) and in １９９６ and ２００６ ( FA ) .Data on nine experiments with N application in AUT ( four) or in SPR( five ) were used . N treatments covered the range ０‐２５０ kg N ha‐１
（applied as urea under non limiting P ) . Independent plots ( ５ .５ m２ )were used . For each regrow th period forage accumulation ( kg DM .ha‐１ ) , photosynthetically active radiation intercepted ( PARint , Mj m‐２

s‐１ ) , radiation use efficiency ( RUE , origin ＝ ０ ) , N absorptionefficiency ( NAE , kg N uptake/ kg N applied ) and N use efficiency( NUE , kg DM ha‐１ / kg N uptake ) were measured . Plant Nconcentrations ( ％ ) were determined , except in ２００５ and ２００６ .Briefly , nitrogen nutrition index ( NNI) were calculated as proposed bythe reference N dilution curve ( Nref ) ( Gastal and Lemaire , １９９７ ) andcritical N dilution curve ( Ncr ) ( Justes et al . , １９９４ ) . Data wereanalyzed using ANOVA ( P ＝ ５ ％ ) and regressions were fitted .
Results Forage accumulations were significantly incremented by N .Responses varied between seasons and species ( Figure １a) . N uptakeincreased linearly in relation to increments in N applied ( Figure １b) ,however , NAE was higher in SPR than in AUT ( on average ６３％ and
２５％ , respectively ) . NUE was higher for LM than for FA ( on average
４９ and ３４ kg DM ha‐１ / kg N uptake ) , no differences being detectedbetween seasons . On other hand , N application increased PARint andRUE but , while higher PARint were observed for LM than for FA ,
principally in AUT ( on average ２８０ and １６６ Mj m２ , respectively ) , theestimated RUE for SPR doubled those estimated for AUT ,independently of the species ( Figure １c) . Finally , for both seasons andspecies , N rates compatible with optimum N nutrition ( NNI ＝ １ ) wereapproximately １３５ ( Ncr ) or １９５ ( Nref ) kg applied N ha‐１ , and １０６( Ncr) or １４７ ( Nref ) kg N uptake ha‐１ .
Conclusion A higher use efficiency of resources was mainly associated toseason ( spring greater than autumn ) and , to a lesser ex tent , to
genotype ( annual ryegrass greater than tall fescue) .
ReferencesLemaire , G . , and F . Gastal . １９９７ . N uptake and distribution in plant canopies . p . ３‐４４ . Ed . Gilles Lemaire . Springer‐VerlagBerlin Heidelberg . In : Diagnosis o f the nitrogen status in crops .Justes , E . , B .Mary , J .M . Meynard , J .N . Machet , and L . Thelier‐Huche .１９９４ . Determination of a critical nitrogen dilutioncurve for winter wheat crops . A nnals o f Botany ７４ : ３９７‐４０７ .
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Root phenotypic plasticity in response to P deficiency in two tall fescue cultivars
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Introduction Low soil P availability has been recognized as a key factor limiting pasture production in many soils . Changes in the
partitioning of C between shoot and root ( Mollier & Pellerin , １９９９ ) or root length per unit of root biomass are particularlyimportant to provide a greater root‐soil contact to improve uptake of P ( Gahoonia & Nielsen , ２００４) . The objective of this workwas to analyze the genotypic variability of two tall fescue cultivars of different origin in response to P deficiency .
Materials and methods Two cultivars of tall fescue ( Festuca arundinacea Schreb .) , El Palenque Plus ( EP , temperate) andFraydo ( F , Mediterranean) , were cultivated under three P levels ( ０ , １０ and １００ mg P added per kg mixture １ :１ w /w of soil(４ .５ ppm P and ４ .９％ OM ) and river sand , P１ , P２ and P３ , respectively ) during ６３ days in １２ PVC containers per cultivar perP level , arranged in three blocks in a glasshouse . Four harvests were performed (３３ ,４２ ,５４ and ６３ days af ter seeding) . Shootand root dry matter , shoot and root P content and total root length were measured . Statistical analyses were carried out usingSAS ( SAS Inst . , Cary , NC , USA) . Means were separated using LSD ( P＜ ５％ ) and slopes compared using dummy variables .
Results and discussion EP produced more root in relation to shoot ( significantly steeper slope) than F under all of P treatments( Figure １) . Conversely to F , EP was capable of producing longer roots per unit of root biomass in response to P deficiency( Figure ２ ) . However , specific root length was not significantly different between cultivars for P１ and P２ . Phosphorusutilization efficiency ( total plant biomass at the last harvest divided by tissue P concentration) was higher in P２ than in theother treatments and was similar between cultivars (Data not shown) .

Figure 1 Root DM vs . shoot DM in two tall
f escue cultiv ars subj ected to three P treatments .

Figure 2 Root length vs . root biomass in two tall
f escue cultiv ars sub jected to three P treatments .

Conclusions EP tended to show a higher phenotypic plasticity in response to P deficiency : a higher biomass allocation to rootsystem and an increased proportion of fine roots . However , no significant differences were found under the most limiting Pavailability between cultivars . Phosphorus utilization efficiency was increased under moderate P deficiency ( P２) only .
ReferencesGahoonia , T .S . , Nielsen N .E . , ２００４ . Root traits as tools for creating phosphorus efficient crop varieties . Plant and Soil

２６０ , ４７‐５７ .Mollier , A . , Pellerin S . , １９９９ . Maize root system grow th and development as influenced by phosphorus deficiency . Journal
o f Ex perimental Botany ５０ , ４８７‐４９７ .
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Introduction Tall fescue , Lolium arundinaceum ( Schreb .) Darbyshire , infected with the endophytic fungus , Neoty phodium
coenophialum ( Morgan‐Jones and Gams) Glenn , Bacon , and Hanlin , accumulates peramine , ergot and loline alkaloids . Theloline alkaloids are present in much greater amounts than the other alkaloids . In the common endophyte strain the predominant
pyrrolizidine alkaloids are N‐formylloline ( NFL ) and N‐acetylloline ( NAL ) . Accumulation of these alkaloids is a significantdeterminant for ecological fitness . The objectives of this study were to determine development of N . coenophialum in tall fescueand the accumulation of NAL and NFL in different plant tissues and clippings .
Materials and methods Flowering plants were collected from field grown plants at Lexington , KY in １９８２ and １９８３ ( Burhan ,
１９８４) . Plants were grown in pots in the glasshouse with ４ replications in a split‐plot design with time and frequency of harvestas sub‐plots . Harvests were made weekly from pots that had not been previously harvested and regrow th tissue was harvestedat ３ week intervals . NFL and NAL was measured by gc/ FID . Endophyte was measured by ELISA of Johnson et al . ( １９８２) .
Results and discussion In flowering plants greatest loline abundance was found in the spikelet and much lesser amounts in
descending order in rachis , stem , leaf sheath and leaf blade . Endophyte concentration was greatest in the rachis . Leaf blades
contained the lowest concentration of NFL , NAL and endophyte in these flowering plants . Samples were taken at anthesis and
most likely levels of alkaloids and endophyte would have increased as the spikelet matured . In flowering plants the amount of
NAL ＋ NFL in the stem , rachis and leaf blade had a positive and significant linear correlation with the amount of endophyte in
the respective tissue . Small amounts of NFL and NAL were measured in roots from plants grown in soil or sand culture but not
in roots grown in solution culture . Presence of these alkaloids in all tissues examined , strongly suggests translocation within
the plant . Koulman et al . (２００７) measured NFL in sap from cut leaves and guttation water of tall fescue . The observation thatthe lolines are in the guttation water and thus found on the surface of the leaves may be significant for insect deterrence .

　 Figure 1 Harvest f requency e f f ect on alkaloid accumulation .

In vegetative plants the greatest amount of
lolines are found in the pseudostem with lesser
amounts in the leaf blade . Pseudostem tissue
also contained as much as two orders of
magnitude more endophyte than the blade ( ～
１０００ vs １０ g g‐１ ) . However , there was nosignificant correlation between endophyte and
NAL and NFL concentration . This result is
probably because of translocation of the
alkaloids and the dynamic of endophyte grow th
and accumulation of alkaloids . NFL ＋ NAL
concentrations were very similar in initial
harvest from ３ to １３ weeks after seeding ( Figure
１ ) .However , with additional harvests at ３ weekintervals the alkaloid content was much higher .
Plant maturity alone was not sufficient to cause
an increased alkaloid concentration as indicated
by similar alkaloid accumulation at the initial

harvest time with １０ weeks difference in age . The increase in alkaloids with clipping may be result of mobilization of plant
reserves for regrow th and thus also available for endophyte biosynthesis of the alkaloid .
References
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Introduction Phosphate ( P) fertiliser is a major cost in New Zealand farm budgets . Movement of P to the root surface is the ratelimiting step in P acquisition by plants . Plants with finely divided roots that colonise a large volume of soil are more efficient inobtaining P than plants with coarse , unbranched roots ( Hill et al . , ２００６) . In this study we analysed P uptake and the grow thresponse of two white clover genotypes , previously selected for either relatively long fine roots ( LFR) , or relatively short thickroots ( STR) .
Materials and methods P response curves were determined for the two genotypes in a glasshouse experiment . CaHPO４ wasmixed with an allophane ash soil at ０ , ５０ , １００ , ２００ , ４００ , ６００ , ８００ , １０００ , and １２００ mg P kg‐１ dry soil . Basal potassium andmagnesium fertilisers were also added . There were ５ replicates of each genotype x P level combination in a row‐column design .After ４０ days grow th in pots , the plants were washed free of soil and shoot dry weight (DW) measured . Root length , surfacearea , and diameter were measured using WinRhizo５ .０TM image analysis software . After the image analysis the roots were ovendried and weighed . Shoot and root systems were analysed for total P .
Results The clovers had identical root DW but the LFR genotype had thinner , longer roots with more root tips mg‐１DW ( Table
１ ) . The LFR genotype had higher P uptake per unit root DW in all P treatments . Shoot P content ( mg P per plant) was higherin the LFR genotype and shoot DW of the LFR genotype was heavier than for the STR genotype in P treatments ＞ ６００ mg Pkg‐１ ( Table １) .
Table 1 A verage root DW , diameter , length , number o f root tips mg‐１ root DW , P up take and shoot DW f or white clover
genoty pes w ith contrasting root morphology , and grown over nine soil P levels .
Genotype Root DW Diameter Length Tips P uptake Shoot DW

mg mm m tips mg － １ root DW μgP mg － １ root DW mg
LFR １３３ 厖０ ǐ.３７６ ２４ \.３３ １２ 哌.６ ２０ 唵.９ ６１８ Z
STR １２８ 厖０ ǐ.４２０ １６ \.７４ ８ 北.４９ １７ 唵.４ ５１９ Z

P ＜ ０ 揪.００１ P ＜ ０ @.００１ P ＜ ０ 妹.００１ P ＜ ０ F.００１ P ＜ ０ 眄.００１ P ＜ ０ 摀.００１
Discussion The thin , frequently branching roots of the LFR genotype acquired P more effectively than the relatively short , thickroots of the STR genotype , as was expected from the literature ( e .g . Hill et al . ２００６) . The additional root length of the LFRgenotypes was achieved at the same root DW as the STR genotype , so the LFR genotype made more effective use of carboninvested in the root system . Reducing fertiliser P inputs into New Zealand pastures while maintaining productivity would havemajor economic and environmental benefits . Clover breeders should select for high fine root length frequencies and increasedbranching to optimise P acquisition . Indirect selection through exploitation of linked root traits in white clover will be useful( Jahufer et al . , ２００７) .
ReferencesHill , J .O . , Simpson , R .J . , Moore , A .D . , Chapman , D .F . ２００６ . Morphology and response of roots of pasture species to
phosphorus and nitrogen nutrition . Plant and Soil ２８６ : ７‐１９ .Jahufer , M .Z .Z . , Nichols , S .N . , Crush , J .R . , Ouyang , L . , Dunn , A . , Ford , J .L . , Care , D . A . , Griffiths , A .G . ,Jones , C .S . , Jones , c . g . ２００７ . Genotypic variation for root trait morphology in a white clover mapping population grownin sand . Crop Science ( In press) .
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Effects of grazing and rainfall variation on root and shoot decomposition in steppe ecosystem
M . Giese1 , N . Fanselow 1 , H . Brueck1 , S . L in2 , Q . Pan3 and K . Dittert1
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Germany , E‐Mail : kdittert＠ p lantnutrition .uni‐kiel .de
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Key words :Nitrogen and carbon cycling , litter bag , semi‐arid grassland , Inner Mongolia
Introduction Overgrazing affects large areas of Inner Mongolia semi‐arid grassland . Grazing effects on above‐and belowgrounddecomposition as a key process of ecosystem carbon and nitrogen cycling are still unclear .
Materials and methods We studied the effects of grazing on shoot and root decomposition using the litter bag method in a long‐term grazing exclosure , a moderately winter grazed site and a long‐term heavily grazed site at Xilingole steppe ( ４３°３８′N ,
１１６°４２′E) . Decomposition of control and site‐specific root and shoot biomass were analysed to distinguish effects of localenvironmental factors and litter quality as altered by grazing . Growing seasons of average ( ２００４ ) and very low precipitation(２００５ ) allowed to study effects of inter‐annual rainfall variation on decay dynamics .
Results Grazing impact on local environment ( Figure １) and litter quality parameters had no effect on decay rates of shoot androot dry mass . In contrast to expected grazing effects , we found pronounced impact of rainfall variability on decay rates ( Table
１ ) . In the year of average precipitation (２００４) root decomposition was faster than shoot decay , while under dry conditions (２００５) theopposite was observed . Not shown : fitting a simple exponential decay function , we found soil moisture storage the best parameterexplaining root decomposition dynamics . Contrarily , shoot decay rates were almost constant and unaffected by annual rainfall variance .Initial N content had no effect on N release dynamics and net N immobilization was not observed during decay process of shoot and root( see Parton et al . ２００７) .

Figure 1 Test f or local env ironment e f f ects on decay dynamics o f shoot and root biomass among three graz ing intensities f rom
2004‐2006 .

Table 1 K‐values o f shoot and root biomass incubated in 2004 (325 mm rain) and 2005 (166 mm rain) at di f f erent graz ing
intensities . K‐values calculated as‐L N (X /X 0 ) ＝ kt (Olson 1963) .

k‐value shoot k‐value root
Site ２００４  ２００５ 沣２００４ Ё２００５ k
Heavy grazing ０ 晻.２８ ０ Y.３６ ０  .４０ ０ 後.２０
Winter grazing ０ 晻.２４ ０ Y.２６ ０  .３８ ０ 後.２３
Grazing exclosure ０ 晻.２６ ０ Y.２９ ０  .４１ ０ 後.１７

Discussion When root decay is limited in dry periods , shoot decomposition becomes relatively more important for plant nutrientsupply . Photodegradation ( UV‐B radiation ) might explain balanced aboveground decay dynamics ( Austin et al . ２００６ ) .Consequently , separate analysis of shoot and root decomposition is crucial to describe carbon and nitrogen cycling in semi‐aridenvironments . Under average rainfall conditions grazing effects on nutrient supply through decomposition are less pronounced becauseof more active belowground processes . The grazing impact on C and N fluxes through decomposition of plant biomass , thus , likelyexhibits a strong interaction with seasonal rainfall patterns .
ReferencesAustin AT , Vivanco L (２００６) . Plant litter decomposition in semi‐arid ecosystem controlled by photodegradation . Nature ４４２ ,

５５５‐５５８ .Parton W , et al . (２００７) Global‐scale similarity in nitrogen release pattern during long‐term decomposition . Science ３１５ , ３６１‐
３６４ .
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Selection of forage pigeon‐pea (Cajanus caj an (L .) Millsp) lines for soil decompaction
Rodol f o Godoy 1 , Osny Oliveira Santos Bacchi2 , Patrícia Menezes Santos1 and Fernando de A lmeida Moreira3
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Introduction According to Camargo & Alleoni ( １９９７ ) , pigeon‐pea plays an important role among species fit to promote soildecompaction , due to the capacity of its roots to penetrate highly compacted soil layers . Since differences not only amongspecies but also within species have been observed for this character , selection within a species like Caj anus caj an seems to bean excellent aid to help solving the problem of soil compaction . This work had the purpose of selecting , among forty pigeon pea
pure lines , the most efficient genotypes to promote soil decompaction .
Materials and methods In a series of five experiments , seeds of forty pure forage pigeon‐pea lines were planted in PVC tubescontaining an upper ３０ mm layer of vermiculite , compacted clayey soil ( to a density of １ .６ g / cm３ ) and a lower vermiculitelayer , in a randomized block design with four replications , in a greenhouse . Nine pre germinated seeds were planted in each １４３mm diameter tube . Around two weeks af ter planting , the plants were harvested and dry mass of their parts was determined . Inall experiments , the cultivar Fava Larga served as the control and the main measured characteristic was the amount of roots
produced in the compacted soil layer . Three lines were selected and went though a series of three experiments where , besidespigeon‐pea root and shoot dry mass , root development of Tanz nia grass plants ( Panicum max imum Jacq .) seeded af ter pigeon‐
pea harvest was evaluated . The experiments had ten blocks , half of which had the pigeon‐pea plants completely harvested afterapproximately two weeks . In the other half , the aerial part of the pigeon‐pea plants was removed ; Tanz nia seeds were plantedand after about two weeks the plants were harvested and the same type of data were collected . Sample compacted blocks wentthrough computerized tomography to check their soil bulk density uniformity .
Results In the series of five experiments , three lines were selected since they yielded significantly more roots in the compactedsoil blocks : g５ ～ ９４ , g８ ～ ９５ and g１２４ ～ ９５ , although high variation coefficients were found . These lines went trough newexperiments : in the first one , sand was used in the place of the upper vermiculite and that caused , due to water infiltration , soil
penetration resistance to fall from ３ .８ MPa to １ .６ MPa , in two weeks . For that reason , the second part was not performed andTanz备nia grass seeds were not planted . Also in this case , g５ ～ ９４ had significantly higher amount of roots in the compactedlayer than the control . A second experiment was performed , using again vermiculite in the upper layer . When the pigeon‐peaplants were harvested , average penetration resistance of the soil blocks was １４ .６ MPa and the tubes that had received the FavaLarga plants had significantly ( Duncan p ＜ ０ .０５ ) higher resistance than those that received the g８ ～ ９５ plants . Dunnett test( p ＜ ０ .０５ ) revealed superiority of g５ ～ ９４ and g８ ～ ９５ over the control , in quantity of roots in the compact layer , but nodifference was found among the Tanz备nia plants , when the variation coefficient went up to ４９％ . In the third experiment , thesame scheme was performed but only the g５ ～ ９４ and g８ ～ ９５ lines were used . When the pigeon‐pea plants were harvested theaverage penetration resistance was １２ .６ MPa and the variation coefficient , ２０ .７ ％ . When the Tanz备nia plants were harvested ,
penetration resistance ranged from １ .７ to ２４ .８ MPa and the variation coefficient was ６８ .５％ , demonstrating that the longerstaying of the plants in the greenhouse tends to cause problems in the soil properties , confirming observations by De Maria(１９９９ ) about problems to evaluate roots under these conditions . Root dry mass of the two lines were significantly higher thanthat of the control ( Dunnett p ＜ ０ .０５ ) . Roots of the Tanz备nia grass grown where those lines had been grown were onlynumerically higher than those of the control , probably due to the high variation coefficients . Tomographical images revealedthat the blocks were uniformly compacted and horizontallly the soil bulk densities ranged from １ .４１ to １ .５２ g / cm３ .
Conclusions There is genetic variability in the Caj anus caj an species to penetrate compacted soil layers and two genotypes , g５ ～
９４ and g８ ～ ９５ were the most efficient . The artificially compacted soil blocks used were adequate for the purpose of theseexperiments , since tomographical images revealed their soil bulk density uniformity .
ReferencesCamargo , OC . , ALLEONI , LRF (１９９７) Compacta毕本o do solo e o desenvolvimento das plantas . Piracicaba . １３２ p .De Maria IC , Castro OM , Souza Dias H (１９９９) Atributos fí sicos do solo e crescimento radicular de soja em latossolo roxo sobdiferentes métodos de preparo do solo . Rev ista Brasileira de Ci崩ncia do Solo , ２３ , ７０３‐７０９ .
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Root development of three commercial forage pigeon‐pea cultivars in artificially compacted soil
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Introduction Soil compaction is an increasing problem in Brazil and the use of appropriate species for soil decompaction is themost practical and economical way to face this problem . Among these species , pigeon‐pea plays an important role due to thecapacity of its roots to penetrate highly compacted soil layers ( Camargo & Alleoni , １９９７ ) . Observations in a pigeon‐pea linecollection showed that there are differences among them in that capacity . To test pigeon‐pea lines to this characteristic , it isnecessary to select a control , among the available commercial cultivars . The purpose of this work was to select the mostefficient commercial forage pigeon‐pea cultivar to penetrate compacted soil layers , to serve as a control in the process ofselecting pure lines .
Materials and methods Seeds of three commercial forage pigeon‐pea cultivars , An本o , Caqui and Fava Larga , were planted inPVC tubes containing ３０ mm layers of vermiculite , compacted clay and vermiculite , in two randomized block design with fourreplications experiments in a greenhouse . Nine pre germinated seeds were planted in each １４３ mm diameter tube . The soil wascompacted to three calculated density levels : １ .０ , １ .４ and １ .５ g / dm３ in the first experiment and in the second experiment , totwo levels , １ .４ and １ .５ g / cm３ . Plants were irrigated according to the average water loss . After three weeks in the firstexperiment and two in the second , it was determined the dry mass of the aerial parts of the plans , of the roots in the uppervermiculite layer , in the compacted soil layer and in the lower vermiculite layer . Sample tubes without plants were prepared andhad their weight periodically determined to estimate the water loss . Soil resistance to penetration in the compacted layer wasalso determined , in the second experiment , using a digital laboratory penetrometer .
Results Root dry mass in the compacted soil layer was the main used criteria . In the first experiment , no significant interactionwas found between cultivars and soil density . The average root dry mass found was ７２ .５ mg , ７３ .８ mg and ６９ .７ mg forcultivars An本o , Caqui and Fava Larga , respectively , without any statistically significant difference . A root mass significantreduction (Duncan , p ＜ ０ .０５) was found for the １ .５ g / cm３ density ( ５２畅０ mg) against the １畅０ g / cm３ density ( ８８畅８ mg) andthe １ .４ g / cm３ density (７５畅３ mg) .
In the second experiment , monitoring soil penetration resistance showed an increasing tendency for both soil densities ( Figure
１) , indicating that probably the soil water content was reducing . No statistical difference was found for the soil densities or forthe root dry mass in the compacted layer . However , in this case , the Fava Larga cultivar ( ３０ .４ mg) yielded １９％ more thanCaqui (２５ .５ mg) and ２７％ more than An本o (２０ .０ mg) .

Conclusions The three forage commercial pigeon‐pea cultivars had potential for soil decompaction , since all of them were able toproduce roots in the compacted soil layer . Cultivar Fava Larga was selected for its performance in the second experiment and forthe fact that presently is the most used pigeon‐pea cultivar .
ReferenceCamargo , OC . , ALLEONI , LRF (１９９７) Compacta毕本o do solo e o desenvolvimento das plantas . Piracicaba . １３２ p .
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Correction of sulphur deficiency on naturalized pastures of Western Patagonia (Chile)
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Introduction Sulphur has been recognized as a main deficiency in soils in different parts of the world . Its importance ishighlighted in legume‐dominant pastures and has been extensively used for decades in New Zealand ( e .g . Cornforth , １９９８ ) .Soils in western Patagonia are mainly of volcanic ash origin and show widespread sulphur deficiency , as a result of recentcolonization during the XX Century ( Hepp , １９９６) . This paper reports experimental evidence on S use in W . Patagonia .
Materials and methods Results shown correspond to : ( a) a survey and analysis of agricultural soils ; ( b) Two experiments withrandomized block design ( RBD) and four replicates , plot area of １２ m‐２ , located in the Coyhaique area ( ４５°３２′２８″S ; ７２°５′５１″W) , with five levels of P ( as triple superphosphate) and five levels of S ( as elemental S) in a four‐year evaluation period . Allplots were managed with ２ ～ ３ cuts per season , weighed , dried , and subsampled for botanical composition . Naturalizedpastures were initially dominated by Poa p ratensis , w ith Dacty lis glomerata , T ri f olium repens , Taraxacum o f f icinale ,
Cerastium sp p , A caena p innati f ida and other minor species . Soils were of volcanic ash origin , with pH of ６ .５ ; １５ and ５ .１ mgkg‐１ of available P and S , respectively .
Results and discussion Data from the survey indicated that ash soils of the Intermediate Zone of Western Patagonia ( rainfall
７００ ～ １ ,５００ mm) had average pH levels of ５ .８ ～ ６ .５ , high cation exchange capacity , negligible aluminium saturation , low‐medium levels of available P , high K levels , and extremely low available S levels ( normally under ２ ～ ３ mg/ kg ) . P and Sresponses are likely under these conditions .
Table １ shows that there are significant effects on pasture production when P is applied in combination with S . These effects areapparent from the second year on . If S is not applied , even with very high P fertilization , pasture production does not respond( S‐０ level) . Levels of S as low as １５ kg ha‐１ induce ４‐７‐fold DM production increments .
Table 1 E f f ects o f repeated P and S f ertiliz ation ( f our years ) on naturalized pastures o f the Intermediate Zone o f western
Patagonia . Pasture dry matter p roduction (DM ; t / ha) and white clover abundance ( ％ in DM ) .
kg P ha － １ Year１ \Year２ jYear３ xYear４ 唵kg S ha － １ Year１ 蝌Year２ Year３  Year４

倡 DM ％ DM ％ DM ％ DM ％ 倡倡 DM ％ DM ％ DM ％ DM ％

0 ０ @.５３ a ４ u.２ １ O.５６ e ８ 儍.０ ２ Z.８２ d ４８ ＃.９ ３ ,１６ d ４５ 北.８ 0 ０ 种.５１ a ８  .０ １ 邋.１５ c １４ +.９ ０ 篌.６２ c ３１ 9.８ ０ �.４８ d ５ D.８
8 ,7 ０ @.４９ a ６ u.１ ３ L.１９ d ２６ 晻.０ ４ ].４３ c ６０ ＃.４ ４ ,３１ c ４４ 北.６ 15 ０ 种.５８ a ６  .０ ４ 忖.０９ b ４７ +.１ ４ 痧.２５ b ７６ 9.０ ３  .３０ c ４７ V.９
17 ,5 ０ @.５５ a ０ u.０ ４ O.０２ c ２２ 晻.０ ４ K.６５ bc ６８ ＃.９ ４ ,６４ b ５１ 北.６ 30 ０ 种.４９ a ４  .１ ４ 滗.８３ a ３８ +.０ ５ 蝌.８４ a ７７ 9.０ ５ �.８４ b ６０ V.９
34 ,9 ０ @.５１ a ７ u.０ ５ L.４５ b ５９ 晻.８ ５ Z.０１ b ７４ ＃.４ ４ ,４５ b ５１ 北.９ 45 ０ 种.５２ a ５  .４ ５ 滗.１１ a ２１ +.８ ５ 蝌.６６ a ６２ 9.１ ６ .５６ a ４９ V.４
69 ,9 ０ @.５１ a ４ u.１ ６ N.２７ a ３８ 晻.０ ５ \.８１ a ７１ ＃.６ ５ ,６６ a ６０ 北.９ 60 ０ 种.５０ a ７  .４ ５ 滗.３０ a ４６ +.５ ６ 蝌.０８ a ７１ 9.６ ６ 铑.０５ ab ４４ V.２

Significant differences between means within columns ( p ＜ ０ .０５ ) . Base fertilization : 倡
６０ kg S ha‐１ ; 倡 倡

７０ kg P ha‐１ .
From the second season on , a change in botanical composition was observed , with a strong white clover increase in the sward ,boosted by P in the presence of S fertilization .
Degraded naturalized pastures of this area may therefore be recovered with soil P‐S correction . Moderate levels of fertilization
produce very significant increments in DM production ( from ５００ to over ５ ,０００ kg DM ha‐１ ) . There is also a pasturecomposition/ quality change , with a strong legume increase , which is likely to have positive effects on animal productionresponses . However , af ter four years , there was a decline in pH levels ( ５ .９) in soils of high P‐S treatments .
Conclusions In western Patagonia , sulphur is a main primary component in soil fertilization programmes . There is a P‐Sinteraction , indicating that P response is subjected to sufficient available S levels in soils . White clover abundance seems to bedirectly correlated with the correction of S levels in these soils . Effects on soil acidification have to be monitored .
ReferenceCornforth , I .１９９８ . Practical Soil Management . Lincoln University Press . Lincoln University , Canterbury , New Zealand . ２４８
pp .
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Yield trends and soil mineral changes in three summer winter forage cropping systems for 5
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Introduction Mineral balance between plants and soil to which fertilizer is applied is important in a sustainable agriculture
( Haynes and Naidu , １９９８) , especially on unfavorable soil conditions . Cropping systems are chosen based on considerations ofcrop yield , soil physical and chemical properties and climatic conditions . Summer crops of maize ( Zea mays L . : M ) andsorghum ( Sorghum bicolor Moench : S) and a winter crop of Italian ryegrass ( Lolium multi f lorum Lam . : IR) are major foragecrops in southern Kyushu of Japan . This study tested three cropping systems typical to the region ( double cropping of M andIR ( M‐IR) , double cropping of S and IR ( S‐IR) , and double cropping of maize ( M‐M ) for ５ consecutive years for their
performance in yield and mineral balance on the non‐fertile , poorly permeable heavy soil .
Materials and methods Field experiments were conducted based on the standard regional cultivation under the heavy soil andthree different summer‐winter forage cropping systems were examined for ５ years ( May ２００１‐April ２００６ ) . Samples of allplants , divided into each plant organ , were oven‐dried to determine dry matter yield . Total nitrogen ( TN) of plant and soil wasanalyzed by Indophenol method . The TN balance was calculated as input in fertilizer minus output in harvested crop .
Results and discussion Annual dry matter yield of three cropping systems on the heavy soil is shown in Table １ . The annualvariation of herbage yields of summer crops ( ５２ .８％ and ５４ .４％ in M and S , respectively ) was greater than that of wintercrop , IR (２３ .１％ ) . Low yields of summer crops were associated with frequent typhoons and heavy rainfalls . Consequently , inM‐IR and S‐IR , incorporation of IR into the cropping system decreased the year‐to‐year variability in herbage yield ( ３１ .２ and
４８ .３％ , respectively ) . In TN balance , the input in fertilizer was larger than the outputs in herbage for all cropping systems( Figure １) . Thus , TN content of soil increased in the fif th year , except for M‐M . The TN balance of summer crops ( M and S)decreased from the first year to the fif th year due to the increase in yield and TN content of crops .
Table 1 A nnual dry matter y ield ( kg /m２ ) o f ３ crop p ing
systems on the heav y soil .
Year M － IR S － IR M －M
２００１ － ２００２ �２ 枛.１３ ２ L.０６ １ }.９０
２００２ － ２００３ �１ 枛.５６ － ２ \.４３ 倡

２００３ － ２００４ �１ 枛.６０ １ L.８１ １ }.５０
２００４ － ２００５ �０ 枛.９０ － ０ }.７７
２００５ － ２００６ �２ 枛.４９ ２ L.１２ １ }.３６
Mean １ 枛.７４ １ L.５６ (１ A.５９) 倡 倡

SD ０ 枛.５４ ０ L.７６ (０ A.５５) 倡 倡

CV ( ％ ) 倡 倡 倡
３１ 哪.２ ４８ z.３ (３４ o.８) 倡 倡

倡 M‐IR , 倡倡 Excluding data in ２００２‐２００３ , 倡倡倡 Coefficient of variation .

Figure 1 TN balance and TN contents o f soil
( TN soil ) in ３ crop p ing systems on the heav y soil .

Conclusions The results confirm the relatively low productivity on the heavy soil and show the advantage of combining a wintercrop with a summer crop for stabilizing annual herbage production on the heavy soil in southern Kyushu . Even in the heavysoil , consecutive cropping might contribute to increase the soil fertility and yield of summer crops , and to reduce the mineralbalance remained in the soil environment .
ReferenceHaynes , R .J . , Naidu R . , １９９８ . Influence of lime , fertilizer and manure applications on soil organic matter content and soil
physical conditions : a review . Nutrient Cycling in A groecosystems ５１ , １２３‐１３７ .
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Effects of cultivation of Puccinellia tenui f lora on the chemical and physical characteristics of
alkalinized soil in western areas of Jilin
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Key words : alkalinized soil , alkali‐grass , Puccinellia tenui f lora ,chemical and physical characteristics of soil
Introduction Alkalinized soils are expanding over the western area in Jilin province of China and have been partially used as
grasslands . Alkali‐grass ( Puccinellia tenui f lora) , a perennial plant in the Poaceae f amily , grows well in those areas , unlikemost grasses which do not grow in soils with very high levels of pH . It has been observed that some grasses become establishedafter several years of cultivation of the alkali grass in these soils . Thus , it is expected that the grass could be used to improvealkalinized soil . Changes in soil characteristics from alkali‐grass cultivation , however , were not determined in detail in previousstudies . The present study , therefore , was conducted to clarify the effects of alkali‐grass cultivation on the chemicalcomponents and physical characteristics of alkali soil in Jilin .
Materials and methods Soil samples were collected from the alkalinized region around Da‐an city of Jilin province . Samples werecollected from different depths (０ to ２ , ２ to １０ , １０ to ２０ , ２０ to ３０ , ３０ to ４０ and ４０ to ５０ cm) from five points in each threetypes of the alkali areas where alkali‐grass had cultivated for three years ( Third year ) and ten years ( Tenth year ) or nevercultivated ( Control) , respectively . Electrical conductance ( EC mS /cm) , pH , minerals ( Na , Ca , Mg , K , P , Fe and Cl mg /kg ) , CO２‐

３ （g /Kg) and HCO －
３ （g /Kg ) of the samples were analyzed af ter soils were dried and passed through a screen mesh

Results and discussion Mean values of EC , pH ( Table １ ) and Na contents of shallow layers of soil of Third and Tenth yearswere lower than those of Control respectively , although those values of middle layer of soil of Third year were higher than thoseof Tenth year . On the other hand , mean values of EC and Na contents of deep layer of soil of Third year were higher than thoseof Control . There is significant positive correlation ( r２ ＝ ０ .７７２) between CO２‐
２ content and pH of alkalinized soils . These datasuggest that anions in the soils would be neutralized by unknown factor( s) such as organic acids released from roots of alkali‐

grass and , as a result , sodium concentration of the soils could decrease via transportation of ions .
Table 1 Characteristics o f p H o f soils collected f rom di f f erent dep th in the alkalinized lands which are cultiv ated alkali‐
grass .

Depth of soil ( cm)
Soil type ０‐２ 滗２‐１０ 洓１０‐２０ R２０‐３０ 耨３０‐４０ 憫４０‐５０ 槝
Control １１ Ё.１ １１ G.４ １１ 骀.３ １１ 唵.２ １１ &.３ １１ ,.２
Third year ９ 悙.９ １１ G.３ １１ 骀.３ １１ 唵.３ １１ &.３ １１ ,.３
Tenth year ９ 悙.９ ９ 0.４ ９ 舷.１ １０ 唵.１ １０ &.４ １０ ,.５

Conclusion Based on the results obtained in the present study , it is likely that alkali‐grass could improve the alkalinized soil viaprocess of neutralization by unknown factor( s) released from the roots .
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Caucasian clover ( Tri folium ambiguum ) is persistent in New Zealand montane , improved
rangeland but requires regular sulphur application for productivity
P . Jarv is , R .J . Lucas and J .R .Sedcole . L incoln University , A griculture and L i f e Sciences Div ision , PO Box 84 , L incoln
University , New Zealand . E‐mail : sue‐peter .j arv is＠ x tra .co .nz

Key words :Caucasian clover , Kura clover , T ri f olium ambiguum , persistence , sulphur
Introduction Caucasian clover ( Cc) became dominant af ter １０ years in a ２５ species , grazed pasture under higher rates of
phosphorus ( P) and sulphur ( S ) . At low P and S inputs , Cc persisted but was unproductive on the low fertility tussockgrassland site ( Scott , １９９８) . This paper records the outstanding persistence and productivity of Cc when S and P were appliedregularly to two rangeland sites in the upper Rangitata valley ( Lat ４３°S , Long １７１°E) .
Methods Jarvis et al . (１９９８) reported responses of hexaploid Monaro Cc to S fertiliser for an experiment which was established(５００m asl ,９４０ mm rainfall) in spring １９９２ . P at ５ rates and S at ４ rates were applied in １９９８ and again in ２００１ . Plots were cutin December each year to obtain spring / early summer herbage accumulation and botanical composition . A similar experimentwas established on a higher terrace (７００m asl ,１０００mm rainfall) in １９７５ ( Lucas et al . ,１９８１) .This site has been top‐dressed at
２‐３ year intervals at ２００kg / ha sulphur superphosphate (８％ P , ２０％ S) for the last ２０ years .
Results and discussion Figure １ shows the large DM response of Cc to S and P in ２００２ after treatments were reapplied in ２００１ .Three years later the responses to P were less marked especially at low S ( Figure ２) . The mean ２００５ yields were less that halfthose of ２００２ . Craighead and Metherell ( ２００６ ) also indicated that S applications are required more regularly than P . In the
１９７５ experiment , Cc has persisted in the sward for more than ３２ years and is still a significant contributor to the pasture underintensive continuous grazing by red deer . The grass component was dominated by A grostis cap illaris and A nthoxanthum
odoratum at both sites . The １５％ cover of the prostrate invasive H ieracium p ilosella present at the start of each experimentwas suppressed after ３ years by the application of P and S fertiliser and Cc seed .

　 　 　 Figure 1 Cc DM (kg/ ha) ２００２ . 　 　 　 Figure 2 Cc DM (kg / ha) ２００５ .

Conclusions Caucasian clover is well adapted to the montane rangeland regions of New Zealand . Persistence is currentlydemonstrated at sites at ７００ and ５５０m a .s .l . where Cc was sown in spring １９７５ and １９９２ .Sulphur applications are requiredevery ２‐３ years to maintain productivity at these inland sites
ReferencesAllan , B .E . , Keoghan , J .M . １９９４ . More persistent legumes and grasses for oversown tussock country . Proceedings o f the

New Zealand Grassland A ssociation ６０ , １４３‐１４７ .Craighead , M .D . , Metherell , A .K . ２００６ . The impact of the form and frequency of sulphur on pasture yield and compositionin South Island high country . Proceedings o f the New Zealand G rassland A ssociation ６８ , ３６１‐３６７ .Jarvis , P . , Lucas , R . J . , Sedcole , J .R . , White , J .G . H . １９９８ . Responses of Caucasian clover to sulphur fertiliser .
Proceedings o f the New Zealand G rassland A ssociation ６０ , １９３‐１９７ .Lucas , R .J . , White , J .G .H . , Daly , G .T . , Jarvis , P . , Meijer , G . １９８１ . Lotus , white clover and Caucasian cloveroversowing , Mesopotamia Station , South Canterbury . Proceedings o f the New Zealand G rassland A ssociation ４２ , １４２‐
１５１ .Scott , D . １９９８ . Six teen years of Caucasian clover under contrasting managements . Proceedings o f the New Zealand
G rassland A ssociation ６０ , １１５‐１１８ .
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Effects of phosphate fertilizer on regrowth of Medicago sativa after defoliation
Jiang H ui‐x in1 , 2 , Shen Y i‐x in1 倡 ,Zhai Gui‐yu2
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Key words : phosphorus , buds , regrow th ,alfalfa , starch
Introduction Regrow th after defoliation was related to carbohydrate reverses in resident tissue . Phosphorus advanced regrow th
speed and forage yield of alfalfa . A field experiment was conducted to study the effects of phosphate fertilizer on the
relationship between regrow th speed and carbohydrate reserves of alfalfa ( Medicago sativ a) .
Materials and methods he trial was designed randomly with ４ treatments (０ , ９０ , １８０ , ２７０ Kg P２O５ ／ha) and ３ replicates . The
area of plot was ４ m × ２ m . Each plot was seeded with １８g alfalfa ( var . Sanditi) seeds in ３０ cm row space on September ２３ ,
２００６ . Alfalfa was cut with ５cm stubbles on May ３ , ２００７ . Ten plants from each plot were dug on ０ , ２ , ５ , ９ , １３ d after
defoliation . The number and dry weight of new buds and shoots , starch content in resident tissue were investigated .
Results and discussion
Regrowth performance

　 　 Figure 1 E f f ects o f phosphorus on regrow th .

　 　 Figure 2 Starch reserves as in f luenced by phosphorus .

Buds per plant reached the peak on ５ days after defoliation in all treatments , and mass per plant rapidly increased after ５ days
( Figure １) . Both of buds and mass per plant were increased as P application rate increased . The correlation of buds per planton ５ days and mass per plant on １３ days after defoliation was significant ( R２

＝ ０ .３６) . It suggested that buds in dormancy were
promoted by the application of phosphorus , and then regrow th of alfalfa increased .
Starch reserves during regrowth Rapid decrease of starch reserves in root and crown occurred from ０ to ９ days af ter defoliation
( Figure ２) . Decreasing rate of starch was higher than that of water soluble carbohydrate . It showed that starch reserves inmain root and crown of alfalfa played an important role during early term of regrow th . Starch loss in root during the first ５ days
in plot applied phosphate fertilizer rate at ０ , ９０ , １８０ , ２７０ Kg P２O５ ／ha was ５ .１ , ８ .２ , ８ .４ , １２ .９mg / plant , respectively , and
the regrow th weight / root starch loss was ３３ .７％ , ３６ .５％ , ５５ .８％ , ５２ .６％ , respectively . The results showed that more
starch reserves were utilized and used more efficiently as phosphate application increased .
Conclusions Utilization of starch reserves in root and crown of alfalfa during early regrow th period was increased as P application
rate increased . Phosphorus could promote the regrow th speed of alfalfa by enhancing the efficiency of root starch reserves for
emergence of buds in dormancy after defoliation .
References
Berg , W . K . , Cunningharm , S . M . , Brouder S . M . , ２００５ . Influence of Phosphorus and Potassuim on Alfalfa and Yield
Components . Crop Sci . , ４５ , ２９７‐３０４ .
Fu‐kuan , Zhai Gui‐yu , Shen Yi‐xin , ２００５ . Effect of superphosphate application and rhizobia inoculation on grow th and forage
quality of Medicago sativ a in the Yellow River Delta . A cta Prataculturae Sinica . １４ , ８７‐９３ .
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Impacts of long‐term enclosure on soil microbes in mountain‐pasture in Bayinbuluke
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Introduction Biomass of microbes functions to store and regulate release of plant nutrients and is an important component of soilfertility . Presently , research on soil microbes focuses mostly on morphology , physiology , conversion of substances , and theimpact of root system on development and activity of microbes etc . but little about research has been conducted on grasslands .
Xinjiang is an important province of animal husbandry and Bayinbuluke is the secondary biggest pasture area in China . Theunbalance between grass availability and animal requirements leads to the increasing degradation of grassland and endangersanimal husbandry . Enclosure favors the restoration of grassland vegetation , promotes soil microbes , and increases soil fertilityand protects against desertification .
Materials and methods Subalpine grassland , subalpine meadow steppe and subalpine steppe meadow of ２５‐year enclosure life inBayinbuluke were selected . Sampling points were selected at random inside and outside each sample area with a sampling depthof ６０cm and an interlayer‐space of ５cm . The soil microbes were analyzed with the dilution plate method .
Results and analysis
Impact of enclosure on soil microbe population Bacteria in soil microbe samples inside and outside enclosures in those three
grassland types exceeds ５０％ of gross .Bacteria , ctinomyces and fungi in soil microbe inside enclosures in subalpine grasslandand subalpine meadow steppe exceeds that outside due to higher moisture and nutrient contents than that outside ; but it isopposite in subalpine steppe meadow due to higher moisture and nutrient contents outside than that inside . Bacteria , ctinomycesand fungi in those three grassland types are of obvious surface accumulation .
Impact of enclosure on total soil microbes With little interference from the outside in the long‐term enclosure , neither eating nortrampling , the total microbe count inside enclosures of subalpine grassland and subalpine meadow steppe is statistically higherthan outside . The enclosures of １ ～ ５ years are not significantly different between inside and outside , which was reported by LiHui et al . , and demonstrates that the enclosure time decides the difference in soil microbe count inside and outside theenclosure .
Conclusions For vertical distribution of soil microbes , the three grassland types studied have most soil microbes in the top soillayer , showing a surface accumulation feature ; soil microbes between ０ ～ ６０cm decreases with depth ;For the impact of enclosure on total soil microbes , microbe counts inside the enclosure of subalpine grassland and subalpinemeadow steppe is much higher than outside ; but total soil microbe inside of enclosure of subalpine steppe meadow is lower thanoutside .
ReferencesMA Shuang , YANG Chen‐de , XUE Li , CHEN Xiu‐rong . Seasonal dynamic of soil microbe in typical grassland under differentcarrying capacities in Longdong of Gansu [ J] Grassland and Tur f , ２００４ , １０５(２) : ２７‐３０ .Gu Fengxue , Wen Qikai , Pan Borong et al . A preliminary study on soil microbe of artificial vegetation in the center ofTaklimakan Desert [ J] CH INESE BIODIV ERS ITY , ２０００ , ８(３) : ２９７‐３０３ .Zhong Wenhui , Cai Zucong . Advances of studies on soil management measures and environmental factors on microbial diversity[ J] Biodiversity , , ２００４ , １２(４) : ４５６‐４６５ .Insam H , C C Mitchell , J F Dormaar . Relationship of soil microbial biomass and activity with fertilization practice and cropyield of three Ultisols[ J] Soil Biol .Biochem ,１９９１ .Li Hui , Jiang Ping‐an , Cheng Luming et al . Impacts of Fencing on the Plant Community Biodiversity of the TypicalMountainous Lawn in Xinjiang [ J] Journal o f X in j iang A gricultural University , ２００５ , ２８ (３) : ４０‐４３ .
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P and K effects on N partitioning during regrowth of Italian ryegrass
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Introduction Phosphorus and potassium are essential elements for normal grow th and development of plants . Phosphorusdeficiency is revealed as leaf shape distortion and also leads to a reduction in the number of leaves ( Rao et al . ２００６ ) . Pdeficiency also decreased N uptake and translocation of NO －

３ from roots , due to decreases in primary root elongation and shootregrow th ( Kim et al . ２００３) . Potassium deficiency induces reduced grow th and development , shortening of internodes followedby bushy appearance , cholorosis and necrosis , affecting reproductive grow th and sugar translocation . The objective of thisstudy was to investigate the effects of P and K deprivation on N partitioning during regrow th of Italian ryegrass .
Materials and methods Italian ryegrass ( Lolium multi f lorum L .) was grown hydroponically in controlled environment and fedwith complete nutrient solution . When plants reached full‐vegetative stage , the plants in ２０ pots were fed with ３ mM KH２ PO４( P and K‐sufficient , ＋ P/ ＋ K) , while other plants in ２０ pots received a P and K‐f ree nutrient solution ( P and K‐deprived ,‐P/‐K) for ７ days before defoliation . The treatments with and without P and K were grown for ２４ days after the P and Ktreatments were imposed . To label the N reserves uniformly , the plants for both P and K treatments were fed with ４ .０ mMNa１５ NO３ for ７ days before defoliation . The plants were then defoliated ６ cm above root base ( day ０) and allowed to regrow oneither under ＋ P/ ＋ K or P/‐K medium containing ４ .０ mM Na１４ NO３ . Harvested plants were separated into regrowing shoot ,stubble , and roots . １５ N in the nitrate , amino acids and proteins contents were analyzed at ０ , ６ , １２ , and ２４ days af ter the finaltreatment of １５ N labeling .
Results The changes in １５ N excess content of nitrogenous fractions in the remaining organs ( stubble and roots) during ２４ daysof regrow th after defoliation are shown in Figure １ . The amount of １５ N‐nitrate in stubble largely decreased during regrow th onthe ＋ P/ ＋ K medium , but no significant changes were measured on the ‐P/‐K medium ( Figure １A ) . The １５ N‐nitrate in rootswas largely decreased during regrow th ( Figure B) . A distinctly higher decrease of １５N‐amino acids in stubble ( Figure １C) ofthe P and K‐sufficient plants was observed for the first ６ days of regrow th , while remained at same level in‐P/‐K plants .Higher decrease of １５ N‐proteins in all treatments was observed for the first ６ days of regrow th ( Figure １E and １F) . Thechanges in １５ N excess content in nitrogenous fractions in regrowing leaves are shown in Figure ２ . The amount of １５ N‐nitrate and
１５ N‐protein continued to increase linearly in all treatments ( Figure ２A and ２C ) . The amount of １５ N‐amino acids wassignificantly higher under ＋ P/ ＋ K stress condition for the first １２ days of regrow th . After ２４ days of regrow th , the amount of
１５ N amino acids in ‐P/‐K plants exceeded that of ＋ P/ ＋ K plants .

Figure 1 changes in amounts o f １５ N excess o f nitrate ( A ,
B) , amino acids ( C ,D ) , and p rotein ( E ,F) f raction o f
stubble(A ,C ,E ) and roots ( B ,D ,F) o f ＋ P/ ＋ K ( ○ ） or‐P /‐K ( ● ） p lants during ２４ days o f regrow th . Each value
is given as the mean ± S .E . f or n ＝ ５ .

Figure 2 changes in amounts o f １５ N excess o f
nitrate( A ) , amino acids ( B ) , and p rotein ( C )
f raction o f leaves o f ＋ P/ ＋ K ( ○ ） or‐P /‐K ( ● ）
p lants during ２４ days o f regrow th . Each v alue
is given as the mean ± S .E . f or n ＝ ５ .

Conclusions During regrow th of Italian ryegrass １５ N tracing demonstrated that N reserves labeled continuously decreased instubble and roots , whereas １５N‐labeled nitrogenous compound in the regrowing leaves increased throughout the experiment of
period , clearly indicating a remobilization of N reserves into regrowing leaves . After regrow th of Italian ryegrass , total １５Ncontent in regrowing leaves on the ‐P/‐K medium was lower than that on the ＋ P/ ＋ K medium . This clearly indicated that the
pool size of N reserve compounds in remaining organs plays an important role in ‐P/‐K plants to initiate the regrow th .



瞯 ]314　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Effects of grazing on AM colonization and spore density in arid grasslands of Loess Plateau
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Introduction Arbuscular mycorrhizal fungi ( AMF) form symbioses with the roots of the majority of terrestrial plant species .These associations are generally considered mutualistic to both plants and fungi . However , few studies foucsed on therelationships among AMF , plants , and herbivores . The objective of this study was to investigate the effects of grazing on AMin arid grasslands of the Loess Plateau .
Materials and methods This study was conducted in Huanxian Ecological Research Area of Lanzhou University ( N３７°１２′ , E１０６°
８２′) , located in Loess Plateau , Gansu Province , China . Four grazing intensity plots ( ０ , ２畅７ , ５畅３ and ８畅０ sheep hm２ ) weredesigned in ２００２ . Every plot area is ５０００ m２ with ３ replicates . Stip a bungeana and A rtemisia cap illaries are the two dominantspecies in the grassland . The roots and rhizosphere soil from S . bungeana and A . cap illaries with ２０ replicates were randomlycollected in every plot for determining AM colonization rates and spore densities in ２００６ . Data were analysed using One‐wayANOVA with SPSS ( v１３ .０) .
Results Our results showed that there were no significant difference ( P ＞ ０ .０５) in AM colonization rates of S bungeana and A
cap illaries for four grazing intensities ( Figure １) . AM colonization rates in the roots of S bungeana are higher in ５ .３ and ８ .０sheep hm２ treatments than CK . However , the rates of AM colonization of A . cap illaries decreased while the grazing intensityincreased . AMF spore densities in rhizosphere soil of S . bungeana and A . cap illaries under four grazing intensitiessignificantly decreased ( P ＜ ０ .０５ ) as grazing intensity increased ( Figure ２) .

　 Figure 1 AMF spore density in the rhizosphere soil
o f S . bungeana and A . cap illaries under f our
graz ing .

　 　 Figure 2 AMF coloniz ation rate in roots o f S . bungeana
and A . cap illaries under f our graz ing .

Note : The black bar shows the results of S . bungeana and the white bar shows the results of A . cap illaries in Figure １ andFigure ２ .
Discussion Our results showed that herbivores can regulate AMF colonization rates in various plants with different strategies .Aboveground consumers may reduce photosynthate translocated to the root system and available to mycorrhizal fungi , resultingin a reduction in AMF spore density in rhizosphere soil . In general , the grazing can result in a negative relationship with AMFsporeproduction .
Acknowledgement This study was funded by National Basic Research Program of China ( ２００７CB１０６８０４ ) and Natural Scienceand Technology Program of Lanzhou University (５８２４０２ , ５８２４０３) .
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Introduction Cycling and distribution of minerals in various compartments of the ecosystem is most important aspects ecosystemstudy . The semi‐arid grazing land ecosystem at Madurai developed under short evolutionary grazing histories and low moistureregimes , in which grazing pressure has dramatic effects on plant community and biomass ( Karunaichamy , １９９２) . The objectiveof this experiment was to study the distribution of N , P and K in the vegetation components and to estimate the annual nutrientbudget in grazed and ungrazed lands dominated by Chrysopogon f ulvus ( Spreng ) Chiov .
Materials and methods The study area is located in the southern part of Tamil Nadu (９°５８′N ; ７８°１０′E) at an altitude of １００mabove mean sea level . Average monthly temperature ranges between ３５ .３ ℃ and ２５ .３ ℃ . The mean annual rainfall was ５７１ mmduring the two‐year study . Twenty quadrants of ５０ × ５０ cm were sampled randomly in grazed and ungrazed areas at monthlyintervals . Litter was collected carefully from each plot . The root phytomass was evaluated by excavating soil cores of ２５ × ２５ ×
３０ cm . Soil samples (３０ cm depth) were also taken at the same harvested plot for determination of soil nutrients . Total N andP in plant components and soil were digested and analyzed colorimetrically by an autoanalyzer . Potassium was estimated usingan atomic absorption spectrophotometer . The transfer of nutrients between various compartments and the release of nutrientsthrough root and litter disappearance were calculated following balance sheet approach ( Singh and Yadava , １９７４) .
Results The live shoot component showed higher content of N , P and K in the grazed plot ( Table １ ) . Live shoots containshigher nutrient content than other components . The trends of soil nutrient concentrations were in the following order K ＞ N ＞P in both grazed and ungrazed areas . The maximum storage of nutrients was in lives shoots and root components . Content of Nand K (mg /m２ ) in live shoots showed a significant positive relationship with a linear combination of rainfall , air temperatureand soil moisture in both grazed and ungrazed plot .
Table 1 Nutrient ( ％ ) in the vegetation components ( ± S .E ; n ＝ ５ ) . V alues in the parenthesis are ungrazed p lot .
Components N P K
Live shoots １ G.８５ ± ０ .０４(１ .６７ ± ０ .０４ ) ０ 亮.０８ ± ０ .０１(０ .０５ ± ０ .００) ０ J.７５ ± ０ .０６(０ .９４ ± ０ .０９)
Dead shoots １ G.６０ ± ０ .０７(１ .４９ ± ０ .０６ ) ０ 亮.０７ ± ０ .０１(０ .０４ ± ０ .０１) ０ J.４９ ± ０ .０４(０ .５９ ± ０ .０９)
Litter １ G.５７ ± ０ .０８(１ .５２ ± ０ .０８ ) ０ 亮.０３ ± ０ .００(０ .０４ ± ０ .０１) ０ J.５０ ± ０ .０９(０ .４８ ± ０ .０８)
Roots １ G.６４ ± ０ .０７(１ .３６ ± ０ .０８ ) ０ 亮.０５ ± ０ .０１(０ .０４ ± ０ .００) ０ J.５９ ± ０ .０５(０ .５９ ± ０ .０７)
Total uptake of nutrients in plant components was higher in the ungrazed plot than grazed plot ( Table ２) . In the grazed plot , ofthe total ecosystem nutrients , less than ４％ of N and １％ of P & K were channeled through biological cycling . About ９５％ ofthe nutrients remain in the root debris , organic matter and soil fractions . In the grazed plot , annual release of nutrients in litterand roots to soil was lower than the ungrazed plot .
Table 2 Net up take , release and retention o f nutrient (kg / ha/ year) V alues in the parenthesis are ungrazed p lots .
Nutrients Soil Uptake Retention Release
N ５１４９(５２８６) １８５ (２５６) ９１ 眄.３(７１ .７) ９３ 腚.７(１８４ .３)
P ９０５( ９９１) ７ 览.２(７ .６ ) ４ 靠.３(２ .６ ) ２ 浇.９(５ .０)
K ５８２８(７５６６) ７０ 铑.９(１２４ .３) ３７ 眄.５(４８ .３) ３３ 腚.４(７６ .０)

Conclusions Cycling of mineral elements in a semi‐arid grazing land was regulated by both live shoot and root compartments andfaster recycling through root decomposition . Heavy grazing affects productivity and gives way to unpalatable species forinvasion ( Barleria bux i f olia Linn .) .The present study clearly indicates that heavy grazing not only degrades the nutrienteconomy of the system but also slows nutrient cycling within the plant biomass .
ReferencesKarunaichamy , K . , １９９２ . Biomass dynamics and nutrient composition in grazing land ecosystem of Western Ghats region ofTamil Nadu . Ph .D thesis , Madurai Kamaraj University , Madurai , India .Singh , J .S . , Yadava , P .S . , １９７４ . Seasonal variation in composition , plant biomass and net primary productivity of a tropical
grassland at Kruukshetra . Ecological Monographs ４４ , ３５１‐３７６ .
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Characteristics of the chemical composition and carbohydrate/ protein fractions along with the
growth of alkali‐grass ( Puccinellia tenui f lora) as feed for ruminants
K ato1 N . Ishikaw a1 , K . Shimiz u1 , W . Cao2 , M . Amari3 , O . Enishi3 , X . Y u4 and A . Xu4
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Introduction Alkali‐grass ( Puccinellia tenui f lora) , a perennial plant in the Poaceae f amily , grows well in heavily alkalinized ,high pH soils presumably due to its neutralizing effect on alkali soil . Alkali‐grass can be fed to ruminants , but the optimumcombinations with other feedstuffs are unclear because the chemical composition of alkali‐grass has not been evaluated in detail .Therefore , the present study was conducted to clarify the characteristics of carbohydrate/ protein fractions along with the
grow th of the plants .
Materials and methods Alkali‐grasses cultivated for three years in the alkalinized region in Jilin Province of China were harvestedat four stages : vegetative , reproductive ( flowering and post‐flowering ) and post‐reproductive grow th phases . Thecarbohydrates and proteins of the growing alkali‐grasses and control samples ( A ueurolep idium chinense , alfalfa and timothyhey) were fractionated according to the methods of a net carbohydrate and protein system ( Hall et al . , １９８８ ; Licitra et al . ,
１９９６) .
Results and discussion Analysis of the chemical composition of alkali‐grass showed that the crude protein contents of the plantwere relatively high and decreased from the vegetative to reproductive stages ( from １７ .５ to １３ .２ ％ DM ) , but it was very lowafter post‐reproductive stage ( ７ .１％ ) . It was also demonstrated that alkali‐grasses of the vegetative and reproductive stageshad very high levels of protein A fraction which mainly consists of NPN ( non protein nitrogen ; about ５０ ％ of CP) and verylow levels of carbohydrate A and B１ f ractions , which mainly consist of saccharides , organic acids , starches and pectin . On theother hand , alfalfa hay had higher levels of protein B１ and carbohydrate A and B１ f ractions than those of the growing alkali‐grasses , A ueurolep idium chinense and timothy hay .
Conclusions It was demonstrated in the present study that the growing alkali‐grass contains relatively high levels of CP , veryhigh level of NPN and very low levels of soluble carbohydrates , showing that combination of alkali‐grass and alfalfa hay as feedfor ruminants would be best for compensate of nutrient balance among the feedstuffs used in the present study .
ReferencesHall , M . B . , A . N . Pell and L . E . Chase ( １９９８ ) Characteristics of neutral detergent‐soluble fiber fermentation by mixedruminal microbes . A nimal Feed Science and Technology , ７０ , ２３‐３９ .Licitra , G . , T . M . Hernandez and P . J . Van Soest ( １９９６ ) Standardization of procedures for nitrogen fractionation ofruminant feeds . A nimal Feed Science and Technology , ５７ , ３４７‐３５８ .
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Response of natural and cultivated hay meadows to fertilizer applied by small scale livestock
farmers in the mountainous Sandzak region of Serbia
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Introduction Farmers rely on hay as winter feed from １

st October to １st May . They will graze their cows part time if grass isavailable . It may be possible to extend the grazing season , with increased milk yields and lower production costs , by earlyfertilization with N applied at Tsum２００ to jump‐start grow th of natural pastures ( NP) and artificial pastures ( AP) .
Materials and methods Farmers from ９ forage machinery and forage groups took part from three municipalities , and providedareas of NP and AP normally used as hay meadows , at altitudes from ５００ ～ １３００ m .a .s .l . On each pasture ３ plots １０ × １０ mwere set out . A １２ :６ :６ N :P２O５ :K２O compound fertilizer was used for basal dressing . Extra N was from calcium ammoniumnitrate ( KAN) at ２７％ N . T reatments for NP ( ９ sites ) were Control : no fertilizer (０ :０ :０ ) , Basal : ２００ kg / ha compound(２４ :１２ :１２) , and Basal ＋ N : ２００ kg / ha compound ＋ ２００ kg / ha KAN ( ７８ :１２ :１２ ) ; and for AP (７ sites) were Control : nofertilizer (０ :０ :０ ) , Basal : ３００ kg / ha compound ( ３６ :１８ :１８ ) , and Basal ＋ N : ３００ kg / ha compound ＋ ２００ kg / ha KAN
(９０ :１８ :１８) , applied ２８ March‐１０ April ２００４ . Plots were sampled １ week before hay stage , af ter ６６‐８７ days摧 grow th .
Results and discussion Variation in DM yield was high among both NP and AP sites ( Figure １ ) . Yields without fertilizer were
５７％ greater for AP than for NP . Response to spring fertilization was ４０ .６ and ５４ .５ kg DM / kg N for NP and AP respectively .Response tended to be curvilinear for NP , but was linear for AP up ９０ kg N / ha . Altitude accounted for ２３ and ３５％ of thevariation in response to the high level of N in NP and AP ( Figure ２ ) . A t ２００５ prices for hay and fertilizers returns over the costof fertilizer for Basal and Basal ＋ N were ２４３ and ２２４％ for NP and ３１２ and ３７１％ for AP respectively .

Figure 1 Response o f pastures to early N f ertiliz ation . Figure 2 E f f ect o f altitude on response o f pastures to N .

Conclusions DM yields of both natural and artificial pastures were doubled by early application of １ kg N / ha/ day of grow th .This response was reduced by altitude , but was highly economic at ２００５ prices for fodder and fertilizer .
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Effects of liming and nitrogen application on the Cu , Mn , and Zn concentrations in herbage
from extensively managed pastures
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Introduction In less intensively managed grassland in Central Europe , the micronutrient concentrations in herbage areapparently more likely to be in levels between barely sufficient and deficient than to be excessively high . Insufficient amounts ofselenium , copper , manganese , and zinc cause physiological disorders in ruminants .
Materials and methods Three identical experiments on low‐
input pastures in different locations in low‐mountain areas
of Central Germany were set up in a Latin Rectangle design
with three replicates . The locations were chosen based on
a screening of more than １００ locations in which soil pH
and carbon content were the most important criteria ( Table
１) . At each site treatment plots were laid out to includethe effects of liming ( ＝ ０ or ４ t CaO ha‐１ ) , and Napplication ( ＝ ０ or ８０ kg N ha‐１ , applied as calcium
ammonium nitrate) . Se , Cu , Mn , and Zn were determined
by AAS .

Table 1 Chemical characteristics o f the soils in di f f erent
ex perimental locations .
Location A B C
g C in kg soil DM ４０ 创.１ ２０ M.９ ２０ �.６
g N in kg soil DM ３ 潩.０ ３ 6.０ ３ 珑.０mg Se in kg soil DM ０ 唵.４５ ０  .３１ ０ 行.３６mg Cu in kg soil DM １ 潩.３ ３ 6.０ ３ 珑.０mg Mn in kg soil DM １５６ 怂.５ １０５ d.６ １５９  .０mg Zn in kg soil DM ３ 潩.４ ３ 6.２ ３ 珑.９pH ( before liming ) ４ 帋. ８ ５ 6.６ ４ 珑.９pH ( limed plots) ５ 潩.９ ６ 6.６ ６ 珑.１

　 　 Figure 1 E f f ect o f liming and nitrogen f ertiliz ation on z inc ,
manganese and cop per concentrations in two grow ths f rom
di f f erent locations .

Results The three locations show significant differences in
Zn , Mn and Cu concentrations in herbage ( Figure １ ) .Location is the most important factor of variation for all
elements . Se was insufficient to meet animal requirements
( ＜ ５０μg kg‐１ DM ) for all locations and treatments . Theincreasing pH value caused by liming results in a
significant decrease in Mn concentrations in several
grow ths . This effect is very important at location A ,which has the lowest soil pH ( pH ４ .８) , but also for thesecondary grow th at location C ( pH ４ .９ ) . The effect ofliming is less clear for Zn and not significant for Cu ,
although the effect on soil pH was very clear ( Table １ ) .Application of nitrogen shows no constant effect on the
concentrations of Se , Zn , Mn and Cu . Although N
fertilization increases DM yield , no dilution effect is
evident .
Conclusions Considering the nutrition of beef cattle , the
animal requirements for the essential selenium are not met
in any location or treatment . The amounts of zinc and
copper are close to the recommended levels ( Anonymus
１９９６ ) but sometimes even slightly below . The
manganese supply is mostly safe but the amounts are very
variable ( between ＜ ２５ and ＞ １７５ mg Mn kg‐１ DM ) .
The effect of soil pH is of limited importance for the Cu
and Zn concentrations , considering values between pH
４畅８ and ６畅６ .
Reference
Anonymous ( １９９６ ) . Nutrient requirements for beefcattle . ７th ed . Publ . National Res . Council , National
Academy Press , Washington D .C .
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Comparison of aggregates content and carbon proportion of top soil in perennial forage
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Introduction Carbon storage in cropland soil , a potentially huge carbon pool , accounts for approximately １０％ of globalterrestrial carbon storage . In croplands , tillage is one of the key drivers behind the degradation of soil stability and leads to theaccelerate decomposition of soil organic carbon . Perennial forages are widely accepted as being beneficial to the storage of soilorganic matter and the formation of the soil aggregates , which can effectively improve and enhance soil fertility . In this studythe carbon sequestration rate was estimated to be on average ０畅３３２Mg . ha‐１ .a‐１ after cropland was converted to forage land ,this outcome has positive effects in terms of improving sustainable agriculture , including a reduction in CO２ emissions . Thepurpose of this study was to compare the carbon fixation rates of various perennial forage at different topsoil depths .
Materials and methods This study was carried out in the western Loess plateau ( ３５°４０′N , １０７°５１′E) , which has an annualrainfall of ５６２ mm . In ２００２ , seven different species of forage were sown . In august of ２００７ , soil samples from ０‐５cm and ５‐
１０cm depths were collected , with six subsamples collected using a cutting ring ( volume of ２００ g cm‐３ ) to determine bulkdensity . The proportion of water‐stable aggregation ( ＞ ０ .２５mm) was measured by wet sieving . Total organic carbon ( TOC) ,total carbon ( TC) were determined through a combustion method using liquiTOC ( elementar , Germany) .
Results For the ０‐５cm layer , water‐stable aggregates ( ＞ ０ .２５mm) was the highest under bromegrass . The TC ranged between
１９ .６８７‐２５ .７５ g / kg , with the highest under clover . Every index measured was significant lower in the ５‐１０cm layer comparedto ０‐５cm layer , with water‐stable aggregates reduced by ５０％ , and TOC and TC declining by approximately ２０％ ( see table) .A significant positive correlation was found between water‐stable aggregates ( ＞ ０ .２５mm ) and TOC/ TC ( R ＝ ０ .３４０﹡ and
０畅４４８

﹡﹡
，respectively ) .

Table 1 Water‐stable aggregates( ＞ ０ .２５mm) ,carbon content and bulk density o f ７ di f f erent perennial f orages .

Sample Layer Water‐stabe aggregate( ＞ ０ 摀.２５mm) ％ Bulk density
( g / cm３ ) TC ( g / kg ) TOC ( g / kg) TOC/ TC

AM sweet pea １６ 6.８７３ a １  .０６６ ab １９  .６８７ a １０ W.１６３ a ０ q.５１４ a
Bromegrass ３３ 6.９８８ b ０  .９８６ a ２２  .６２３ b １３ W.２５９ bcd ０ q.５８５ b
Clover １７ 6.５３６ a ０  .９８３ a ２５  .７５０ c １５ W.０６２ d ０ q.５８４ b
Crow toe ０‐５ cm ２１ 6.４４７ a １  .１５２ b ２０  .４３８ ab １０ W.３５４ a ０ q.５０６ a
Lucerne cv . longdong １９ 6.５２６ a １  .１５５ b ２１  .０３６ ab １１ W.４２１ abc ０ q.５４１ a
Lucerne cv . saditi １８ 6.０３８ a １  .１１９ ab １９  .７７４ a １０ W.８９３ ab ０ q.５４７ ab
Sainfoin １７ 6.３７６ a １  .１４９ b ２３  .１２５ bc １３ W.７７８ cd ０ q.５８５ b
AM sweet pea １０ 6.５９９ a １  .１３９ a １７  .４６０ bc ７ ).９３１ ab ０ q.４５４ bc
Bromegrass １５ 6.０４６ b １  .１９１ ab １７  .６６４ bc ８ ).２１３ bc ０ q.４６５ bc
Clover ８  .２８２ a １  .２７２ bc １８  .５１８ d ８ ).３０４ bc ０ q.４４８ d
Crow toe ５‐１０ cm １０ 6.２７２ a １  .２４７ bc １７  .７５４ bc ７ ).５７８ a ０ q.４２７ bc
Lucerne cv . longdong ８  .８９４ b １  .１９７ ab １８  .０８４ cd ８ ).５７３ c ０ q.４７４ cd
Lucerne cv . saditi ８  .１４７ a １  .２５０ bc １６  .３４７ a ７ ).４９１ a ０ q.４５８ a
Sainfoin １０ 6.８９ a １  .３２５ c １７  .３３９ b ８ ).２３２ bc ０ q.４７５ b
Conclusions In this study the organic carbon of perennial forage in the topsoil accounted for over ５０％ of the total carbon , withwater‐stable aggregates and TOC showing significant differences between ０‐５cm and ５‐１０cm layer . This finding indicates thattillage disturbs the soil causing the spatial distribution of organic matter to become more homogenous . Further , tillage has nobeneficial effect in terms of both carbon fixation and maintaining soil health . Lastly this study indicated that different perennialforages result in significant differences in organic carbon fixation .
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NO－
3 uptake and its partitioning in drought stressed perennial ryegrass ( Lolium perenne L .)
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Introduction Drought is the major limitation to crop productivity ( Boyer , １９８２) , and affects up to ４５％ of the world agriculturallands (Bot et al . ２０００) . The availability of water seems to be the most important factor limiting plant grow th and productivelyin dry areas . It is well documented that nutrient uptake is inhibited in dry soil . Soil drought decreased mineralization oforganically bound nutrients ( Bloehm et al . １９９２ ; Walworth , １９９２) , and nutrient transport in soil by mass flow and diffusion( Seiffert et al . １９９５) , and thus may diminish nutrient availability at the root surface , which may lead to foliar nitrate depletion( Foyer et al . １９９８) . Perennial ryegrass ( Lolium perenne L .) is one of the most important plant species in forage ecosystemsand used all over the world as a valuable species for turf . The objective of this work is to investigate the kinetics of N uptakeand distribution in response to the change of water deficit stress using １５ N‐tracing in perennial ryegrass .
Materials and methods The １５ NO －

３ feeding was carried out every day throughout the entire １０ days of sampling period . For １５Nfeeding for the well‐watered ( control) treatment , ２５ mL of １５N solution ( １ mM K１５ NO３ with ８ .３４ １５ N atom ％ excess) wasadministered evenly through three porous plastic tubes buried vertically to a depth of ５ cm in each pot at １０ :００ h and １６ :００ h ,respectively . Using the same protocol of administration , plants submitted to water‐deficit received ２ .５ mL of １５ N solution ,containing the same １５ N atom ％ and the same amount of N as applied to the control pot ( i .e ０ .７ mg N pot‐１ d‐１ ) . The samplewas harvested at ０ , ２ , ４ , ６ , ８ , and １０ days after treatment . Freeze‐dried power samples ( １‐５ mg ) were weighed into tincapsule for total N determination . N content and １５ N atom ％ of total N was determined using N single mode analysis on anANCA‐SL isotopic ratio mass spectrometer ( PDZ‐Europa , Crewe , UK) .
Results Leaf water potential reached a minimum value of ２ .５ MPa after １０ days of drought stress treatment . This showed thatdrought stress occurred during the experiment . １５N‐uptake , expressed by the amount of newly absorbed N in the total Nfraction in shoot plus roots , was significantly decreased to ５８％ in drought‐stressed plants compared to control af ter １０ days oftreatment . The amount of １５N distributed to shoots of drought‐stressed plants was ３５％ lower than in the control plants １０ daysafter treatment ( Figure １) . In roots , １５N amount in drought stress treatment is decreased to ４４％ at day ６ and then rapidly decreasedto ３０ .９％ at day １０ compared with control ( Figure ２) .

Figure 1 Figure 2

Conclusions In the present study , １５ N‐uptake was significantly decreased with prolonged periods of drought while the rate ofdecrease in １５ N amount by water deficit was higher in the roots than in the shoots of perennial ryegrass . These results usuallywere explained by a reduction in N availability and the limitation of N acquisition under drought stress .
ReferencesFoyer CH , Valadier MH , Andre M , Becker TW (１９９８) Drought‐induced effects on nitrate reductase activity and mRNA andon the coordination of nitrogen and carbon metabolism in maize leaves . Plant Physiology １１７ , ２８３‐２９２ .Kim TH , Lee BR , Jung WJ , Kim KY , Avice JC , Ourry A ( ２００４ ) De novo protein synthesis in relation to ammonia andproline accumulation in water stressed white clover . Functional Plant Biology ３１ , ８４７‐８５５ .Serraj R , Sinclair TR , Purcell LC ( １９９９ ) Symbiotic N２ fixation response to drought . Journal o f Ex perimental Botany ５０ ,

１４３‐１５５ .
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Effect of Molybdenum and Boron on increasing alfalfa seed yield
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Introduction Although the content of microelements is low in plants , they play a role in translocation and energy exchange inmetabolism , and have an important influence on crop yield ( Guoxiao ,etc . ,２００６ ;Chang Yao‐hong ,２００７ ; Hu Ai‐tang ,２００３ ) .Different concentrations of borax and ammonium molybdate were sprayed at early florescence ,squaring , and florescence ofalfalfa in this study , and the effect of boron and molybdenum on yield of alfalfa seed was measured .
Experimental area survey The experimental area is located in the grassland research station ,Hutubi ,Xinjiang .E :８６°７′ , N :４４°８′ ,H :０ .４４６km . Annual precipitation is １６１ .３ mm , annual evaporation is ２３１２ .７mm ,average humidity is ５４％ during growingseason , the annual accumulated temperature over or equal to １０ ℃ is ３５６１ .３ , the frost‐free period is １７３ days . The total saltcontent of the research area in ０ ～ ２０cm is more than １ .５％ ,and pH is more than ８ .５ .
Materials and methodsTest materials are Xinmu No .１ Variegated Alfalfa , borax ( the boron content is １１％ ) , ammoniummolybdate( the molybdenum content is ５ ４％ ) .
The treatments were foliar sprays of borax at ０ .４％ , ０ .６％ and ０ .８％ , ammonium molybdate at ０ .０５％ , ０ .０７％ and ０ .０９％ ,and normal water . There were sprayed during early florescence , squaring period and florescence , respectively . The size of plotswere １０m２ . Each treatment was repeated three times in a randomized block design .
The following was measured on １０ plants : plant height , grow th rate , branch numbers , the number of racemes , the podnumbers per inflorescence , the seed setting number in each pod after regrow th , and seed yield , １０００‐grain weight , germinationrate after harvest seed .

Table 1 The e f f ects o f boron and molybdenum on al f al f a seed y ield and yield components .

treatment １０００‐grain w eight
( g )

the number of
branches ( m２ )

pod /
inflorescence( a)

inflorescence /
branches ( a)

seeds /
pods( a)

seed yield
( kg / hm２ )

Ammonium Molybdate０ 潩.０５％ １ I.９００ ± ０ .０２６２ ４２１ R.６６ ± ３０ .１ １５ 殚.５３ ± ０ .６８ １５ Ζ.１３ ± １ .５ ５ 骀.９７ ± ０ .２０ ５９２ @.３１ ± ６５ .２
Ammonium Molybdate ０ 抖.０７％ ２ I.０５２ ± ０ .０２５８ ３９２ R.３３ ± ２５ .６ １４ 殚.２３ ± ０ .７０ １４ Ζ.３６ ± １ .６ ５ 骀.００ ± ０ .２３ ５１３ @.３ ± ７０ .８
Ammonium Molybdate ０ 抖.０９％ １ I.８９９ ± ０ .０２０３ ３８８ R.６７ ± ２３ .６ １１ 殚.６６ ± ０ .４２ １３ Ζ.３６ ± ２ .０ ５ 骀.２０ ± ０ .２７ ４０８ @.００ ± ４２ .９
borax ０ 噰.４％ １ I.８７２ ± ０ .０１９９ ４７２ R.６７ ± ４５ .１ １５ 殚.２６ ± １ .１ １１ Ζ.２６ ± １ .２ ５ 骀.７７ ± ０ .２１ ４７１ @.００ ± ６８ .５
borax０ n.６％ １ I.９００ ± ０ .０２３４ ４８４ R.００ ± ３３ .５ １３ 殚.８ ± ０ .９０ １２ Ζ.１ ± １ .２ ５ 骀.３７ ± ０ .２２ ４９２ @.００ ± ７３ .２
borax ０ 噰.８％ １ I.９００ ± ０ .０１２３ ４９２ R.００ ± ５０ .１ １６ 殚.３ ± １ .３ １３ Ζ.４６ ± １ .３ ５ 骀.７３ ± ０ .２６ ５０７ @.００ ± ６８ .６
ck １ I.９４４ ± ０ .０２４４ ３８０ R.００ ± ３２ .６ １０ 殚.０６ ± ０ .５１ １６ Ζ.６６ ± ２ .２ ４ 骀.４０ ± ０ .１９ ４３８ @.７５ ± ６１ .４

Results and discussion The results showed that alfalfa seed yield ,branch numbers , the pod numbers per inflorescence and theseed setting number in each pod were higher than in the control af ter spraying boron and molybdenum . When ０ .０５％ammonium molybdate was sprayed , the yield increased ３５％ compared to the control . Branch numbers , the pod numbers perinflorescence and the seed setting number in each pod increased １０ .９６ ％ , ５４ .３７％ , ３５ .６８％ ( p ＜ ０ .０５ ) , respectively . When
０ .８％ borax was sprayed , the yield increased １５ .５６％ relative to the control .Branch numbers , the pod numbers perinflorescence and the seed setting number in each pod also increased ( p ＜ ０ .０５ ) . When ０ .０７％ ammonium molybdate wassprayed , thousand‐grain weight increased ５ .６％ compared to the control . Af ter the different concentrations of borax andammonium molybdate were sprayed , the numbers of racemes per reproductive branch were lower than that in the control .
The effect of boron and molybdenum on increasing yield of alfalfa seed is evident from this study . With increasingconcentrations of Ammonium Molybdate , the seed production decreased gradually , and seed production increased withincreasing concentrations of borax . Various factors related to the formation of seed production were affected , especiallyinflorescences per pod and per pod seed of alfalfa .
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Effects of different land use on soil organic carbon and microbial biomass C in the Longzhong
part of Loess plateau
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Introduction The soil organic carbon ( SOC) and microbial biomass C ( MB‐C) play key roles in soil conservation , agriculture
production , and global environmental changes . Land use and management practices have great influence on SOC and MB‐C .Pool size and activity changes in components of soil organic can be influenced by many factors , including climate and land use .The objective of this study was to investigate changes in SOC and MB‐C after conversion to different land use .
Materials and methods The study was conducted at Semi‐Arid Climate and Environment Observatory of Lanzhou University (３５°
５７′ N , １０４°０９′ E) . Soil type is Sierozem , elevation is １９６６ m , mean air temperature is ６ .７ ℃ , mean annual rainfall is about
３８２ mm . Four sites [ fenced grassland ( FG) ,grazing grassland ( GG) , millet field ( MF) and fallow cropland ( FC ) ] , each １hm２ and adjacent to each other , were selected for the study . FG and GG : dominant grass was Stipa . Bungeana , fenced in Oct .
２００５ . MF : planted S . italica ( L .) Beauv . FC : fallowed in ２００６ and ２００７ . Both organic manure and chemical fertilizer wereapplied to croplands except in the fallowing year . Three sample plots (５０ × ５０ m２ ) were randomly located within each site . InMay ２００７ , ten soil samples at five soil depths (０‐６０cm) were taken in each plot using soil cores and each five soil samples fromsame depth were mixed together . Soil samples were analyzed organic carbon and microbial biomass C . Data were analyzed usingGeneral ANOVA .
Results The data was shown in Table １ , SOC and MB‐C in the ０‐１０ cm layer decreased in the order : FG ＞ GG ＞ MF ＞ FC . Butin the １０‐２０ cm and ２０‐３０ cm layers , SOC in FG and GG were almost at the same level . In MF and FC soil , the maximum SOCwas in the ２０‐３０ cm . SOC and MB‐C of FG and GG were decreased with increased soil depth . MB‐C of FC in the ２０‐３０ cmlayer was higher by ５１％ than those in the １０‐２０ cm . MB‐C of MF in １０‐３０ cm layers was higher than in FG , GG and FC
( Table１) .
Table 1 Change o f SOC and MB‐C under di f f erent land use regimes
The data in the table are means (SE) , di f f erent cap ital letters in the same row mean signi f icant di f f erence at P ＜ ０畅０５ ;the
di f f erent lower cases in the same column mean signi f icant di f f erence at P ＜ ０畅０５ .
Soil depth SOC ( g / kg )

FG GG MF FC
０ － １０ cm ９ 哌.１(０ .５) aA ８ 葺.９(０ .６ ) aA ７ 苘.５(０ .１) bB ７ 谮.２ (０ .２) bB
１０ － ２０ cm ６ 哌.７(０ .３) bAB ６ 葺.４(０ .２ ) bB ７ 苘.９(０ .３) abA ７ 谮.４ (０ .３) bA
２０ － ３０ cm ５ 哌.９(０ .６) bB ５ 葺.６(０ .６ ) bB ８ 苘.２(０ .４) aA ９ 谮.３ (０ .５) aA

MB‐C (mg / kg )
FG GG MF FC

０ － １０ cm １４１ ;.４ (４ .７ ) Aa １０７ 9.６(８ .１) Ba １０５ 8.７ (２ .８) Ba ４０  .０ (１ .６) Ca
１０ － ２０ cm ２７  .３５ (２ .９ ) Cb ４６  .１５(６ .０) Bb ９９  .６０ (２ .１) Aa １６  .９ (０ .９) Cc
２０ － ３０ cm ２６  .６３ (３ .１ )Bb ２５  .５０(０ .５) Bc ８０  .９９ (１ .３) Ab ２５  .７ (０ .８) Bb

Conclusions The SOC and MB‐C in ０‐１０ cm layer decreased in the order : fenced grassland ＞ grazing grassland ＞ millet field ＞fallow cropland . The SOC in the １０‐２０cm soil layers were shown millet field ＞ fallow cropland ＞ fenced grassland ＞ grazinggrassland . Fertilization and human activities were found to have major impacts on SOC . The MB‐C of MF was higher in the １０‐
２０ cm and ２０‐３０ cm than FG , GG and FC . After land use change , soil microbial biomass was affected , fallowed cropland ismore sensitve than others , two grasslands also have small change . Different land use has been shown to have profoundinfluence on MB‐C and SOC .
Acknowledgment This study was sponsored by the China National Key Projects for Basic Scientific Research (２００６CB４００５０１) .
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Nitrous oxide emission and methane oxidation potential in the pastoral soil under intensive dairy
farm management
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Introduction Anthropogenic nitrous oxide ( N２O) emissions from agricultural soils are estimated to contribute ～ １４％ of NewZealand摧s greenhouse gas ( GHG ) inventory ( New Zealand Climate Change Office ２００７ ) . The global annual soil sink formethane ( CH４ ) was estimated to be ３‐９％ of the atmosphere摧s removal rate ( Smith et al . , ２０００ ) . We report N２O emission andCH４ oxidation rates in freely and poorly drained soils on an intensively managed dairy farm following a cattle urine application .
Materials and methods The two soils examined were located beneath pasture grazed by dairy cattle in Waikato region of NewZealand (３７ .８°S , １７５ .３°E) with average annual rainfall of １２４０ mm and air temperature of １４ ℃ . Cow urine was applied tocreate experimental urine patches in the soils at １０ L /m２ (６５０ kg N / ha) . Fluxes of N２O and CH４ were measured using staticchambers ( diameter ２５０ mm , height １３０ mm) , with ３ replicates for urine patches and controls , over １００ days in autumn andwinter seasons . Gas samples were analysed by gas chromatograph with a ６３Ni‐electron capture detector ( ECD) for N２O and aflame ionization detector ( FID ) for CH４ . Soil and relevant environment parameters were measured/monitored over the trail
period .

　 　 Figure 1 N itrous ox ide emission and CH ４ ox idation rates measured
over １００ day trial period (n ＝ ３ ) .

Results There were eight occasions for bothsoils when N２O fluxes in the urine patchesexceeded the １００‐day average . For the freelydrained soil , seven of these days occurredduring the first ３ weeks after urineapplication and accounted for ６１％ of totalemissions . Higher than average dailyemissions occurred throughout the １００ daysof measurement for the poorly drained soil ,and ４ of these days during the first ３ weeksafter urine application accounted for ４１％ oftotal emissions . For both soils , N ２Oemissions of the urine‐amended plots alwaysexceeded the controls . Nitrous oxideemission factors ( EF３ ) were １ .３ and ０ .４ ％for the poorly and freely drained soilsrespectively .
Following urine application , the poorlydrained soil was a net source of CH４ on Days
２ , ３ , １３ , ２２ , ２７ and ７９ . On the day of urineapplication and ７ and ９ days later , the freelydrained soil was also a net source of CH４ .Over １００ days , for the poorly drained soils ,the integrated CH４ oxidation rates were ０畅６
± ０畅１ and ０畅２ ± ０畅１ kg C / ha yr for the Controls and Urine plots , respectively . For the freely drained soil , the correspondingrates were １畅８ ± ０畅２ and １畅１ ± ０畅２ kg C / ha yr .
Conclusions Applying urine markedly increased soil摧s N２O emissions . The integrated N２O emitted from poorly drained soil was
３ times than that from freely drained soil . Cattle urine application reduced the CH４ oxidation rates of freely and poorly drainedsoils for up to two months and by ０ .７ ± ０ .２ and ０ .４ ± ０ .１ kg C/ ha yr . Overall , the two soils摧 responses were not significantlydifferent .
ReferencesNew Zealand Climate Change Office (２００７) National Inventory Report New Zealand , Greenhouse Gas Inventory １９９０‐２００５ .Smith KA , Dobbie KE , Ball BC , Bakken LR , Sitaula BK , Hansen S , et al . ( ２０００ ) Oxidation of atmospheric methane inNorthern European soils , comparison with other ecosystems , and uncertainties in the global terrestrial sink . Global Change

Biology , ６ , ７９１‐８０３ .



瞯 ]324　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Production , botanical composition and nutrient status of an originally Lolium perenne —
dominant sward receiving long‐term manure applications
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Introduction Long‐term slurry applications may alter the botanical composition of herbage (Christie , １９８７) . Perennial ryegrass
(Lolium perenne L .) is the most important plant species in intensively managed grassland in the UK . The aim of this studywas to investigate the effect of long‐term slurry application on production and botanical content of a Lolium perenne‐dominantsward and to determine the possible role of macronutrients in determining botanical composition .
Materials and methods The experiment was established on a sown sward of Lolium perenne L . at Hillsborough , NorthernIreland and has been managed as a three‐cut silage system since １９７０ . Eight treatments have been applied to plots of net area
１８ .７５ m２ in three randomized blocks ( each containing two replicates of each treatment ) i .e . unfertilized control ( UF ) ,fertilized control ( FE ; ２００ kg N ,３２ kg P , and １６０ kg K ha‐１ y‐１ ) , pig slurry at ５０ , １００ and ２００ m３ ha‐１ y‐１ （Pig５０ , Pig１００ andPig２００) , and cow slurry at the same three rates ( Cow５０ , Cow１００ , Cow２００) . In ２００６ the proportions of dominant species ineach plot at each harvest and at the first two harvests the concentrations of N and P in Lolium perenne ( L .p .) and in two othermajor ingressing species ( A grostis stoloni f era , A .s .) and Poa spp . were determined ( except in treatment UF) .
Results Total annual DM yield varied from ３ .１ t ha‐１ （UF) to １８ .２ t ha‐１ （Cow２００) . Perennial ryegrass content declined andAgrostis content increased with increasing slurry application rate ( Table １) . Nitrogen concentration in either species was onlymarkedly increased by Cow２００ . Only in perennial ryegrass did P concentration increase with slurry rate . Therefore increasingdeficiency in N and P does not explain severe decline in perennial ryegrass at high slurry rates . However , perennial ryegrasswas less able to take advantage of the higher availability of N ( Figure １ ) and P ( similar pattern to N ) at high rates of slurryapplication . Among the other macronutrient concentrations determined in perennial ryegrass , Ca suffered the steepest declinewith increasing slurry rate , suggesting a possible limitation to perennial ryegrass contribution , although physical factors such assmothering摧 of the herbage by high application rates of slurry may have also been involved .

Figure 1 Relationship between N
o f f take by L . p . ( x , solid line ) ,
A .s . ( ■ ，broken line ) and Poa ( ○ ，dotted line) and total o f f take ( r２ ＝
０ ． ２７ ， ０ ． ８３ and ０ . ９２ ) ,
respectively .

Table 1 Proportion in dry matter (３ cuts) and N and P content (mg g‐１ ) o fLolium perenne (L .p .) and A grostis stoloni f era (A .s .) (２ cuts) .

L .p .Prop . A .s .Prop . L .p .N A .s .N L .p .P A .s .P
UF ０ 4.３１ ０ 觋１１ 挝.９ ０ V１  .８１ ０ 妹
FE ０ 4.２３ ０ 觋.２９ １４ 挝.１ ２０ 剟.２ ２  .３１ ２ 妹.７４
PIG５０ 佑０ 4.３７ ０ 觋.１８ １２ 挝.５ １７ 剟.５ ２  .３６ ２ 妹.５８
PIG１００  ０ 4.２０ ０ 觋.４８ １１ 挝.５ １７ 剟.７ ２  .３９ ２ 妹.８２
PIG２００  ０ 4.０３ ０ 觋.６１ １２ 挝.１ １８ 剟.４ ２  .６１ ２ 妹.８６
COW５０  ０ 4.３９ ０ 觋.２６ １２ 挝.３ １７ 剟.７ ２  .１９ ２ 妹.６８
COW１００ <０ 4.２１ ０ 觋.４７ １２ 挝.８ １９ 剟.１ ２  .２７ ２ 妹.６８
COW２００ <０ 4.０９ ０ 觋.４７ １９ 挝.１ ２２ 剟.３ ２  .９３ ２ 妹.９６
s .e .m . ０ 4.０４倡倡倡

０ 觋.０４９倡倡倡
０ 牋.７３倡倡倡

０ V.４４倡倡倡
０  .０９倡倡倡

０ 妹.０８ns
Conclusions The inability of perennial ryegrass to withstand long‐term application of high rates of slurry application cannot beexplained by deficiency in N and P induced by competition but limitation in other nutrients may be responsible , perhaps togetherwith physical effects of high slurry application rates on plant grow th .
Acknowledgement This work was funded by a Stapledon Memorial T rust T ravelling Fellowship to WJL from the BritishGrassland Society .
ReferenceChristie P １９８７ . J . A gric . Sci . Camb . １０８ : ５２９‐５４１ .
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Effect of soil temperature and soil moisture on soil respiration of ungrazed grassland in Loess
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Introduction Soil respiration ( SR) is a major component of greenhouse gas emission and is a crucial pathway of the C cycle . The
potential increase of SR caused by global warming may present a positive feedback effect on atmospheric CO２ and climate change
( Kirschbaum ,１９９５) . However , the factors that control the exchange of CO２ between soil and atmosphere in Loess Plateau ,
Gansu are not well understood . The results in this paper represent a preliminary exercise in studying SR variations and its
correlation with soil temperature ( Ts) and soil moisture ( Ms) .
Materials and methods Monthly measurements of SR were made from August ２００６ to July ２００７ in a fenced Stipa . bungeanagrassland ( free from grazing since Oct . ２００５) which located in the Semi‐Arid Climate and Environment Observatory Station ofLanzhou University ( ３５° ５７′ N , １０４° ０９′ E ) . The measurements of SR were made by using a LICOR ６４００ portablephotosynthesis system fitted with a soil respiration chamber ( LICOR , Inc . , Lincoln NE) . SR was measured between ８ :００ ～

１０ :００ .１２ PVC collars that held the SR chamber were set ２４ hours before SR measuring . Ts at ２ , ５cm depths and Ms down to
１０cm were measured simultaneously .

Figure 1 Diurnal variations o f SR .

Results Diurnal variations of SR could be expressed as one‐
humped curves , reaching to the maximum around １３ :００
and falling to the minimum between ０ : ００ ～ ３ : ００ in
different growing periods . Ts at ５cm depth was the
dominant factor controlling SR ( P ＜ ０ .００１ ) . Ms had
relatively little effect on diurnal SR variation as it changed
little within one day . Seasonal SR variation was dominated
by Ts‐Ms interaction and root biomass . The maximum of
SR was observed in Jun ,２００７ , while the minimum in Nov ,
２００６ . Negative CO２ efflux was observed from Nov , ２００６
to Jan , ２００７ . The correlation between Ts at ２cm ,５cm
depths and SR were much remarkable( R２

＝ ０ .５４ and R２
＝

Figure 2 Seasonal variations o f SR , Ts and Ms .

0 .５６ , P ＜ ０ .００１ ) . Ms was secondary factor controlling SR
variation at seasonal scale . The single Ms effect on SR was
examined by normalizing SR at a reference value of ２０ ℃ ,
and the correlation was significant ( R２

＝ ０ .３９ , P ＜ ０ .００１ ) .
When both Ts and Ms effects on SR were considered , SR
could be given better simulations :
SR ＝ ０ .０２４T ＋ ０ .０３９Ms － ０ .２６ ( R２

＝ ０ .７３ , P ＜ ０ .００１) .
Conclusions Ts was dominant factor controlling diurnal SR
variation when Ms was relatively stable . Both Ts and Ms
effects on SR could better reveal SR variation at seasonal
scale , thus the predictive capacity of the model about SR
variation has been improved .
Reference
Kirschbaum , M .U .F . , １９９５ . The temperature dependence
of soil organic matter decomposition , and the effect on
global warming on soil organic C storage . Soil Biol .
Biochem . ２７ , ７５３‐７６０ .
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Improvement of production and nutrient uptake of Pueraria phaseoloides by rock phosphate
fertilization in Kombucha suspension and Glomus manihotis fungi inoculation
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Introduction Rock phosphate ( RP) is often considered as an alternative to the use of more expensive soluble P fertilizers ( SP) .Symbiotic association between AM fungi and legume plants has been reported to be more responsive and efficient with RP thanthe other type of P fertilizers . Kombucha is a sweetened tea beverage that contains various organic acids such as citric and malicacid (Bartholomew and Bartholomew , ２００１ ) . Ishikawa et al . ( ２００２ ) reported that citric and malic acid were capable ofmobilizing P from the soil . The objective of the research is to investigate the influence of RP fertilization in Kombuchasuspension and Glomus manihotis fungi inoculation on the dry matter ( DM ) production , and nutrient uptake of puero
( Pueraria phaseoloides ) .
Materials and methods The experiment was conducted in a greenhouse on the acid latosolic soil . A completely randomized designwith ５ treatments , and ５ replicates was used . The treatments were control ( T０) , RP ( T１) , RP ＋ G . manihotis ( T２) , RP ＋Kombucha ( T３ ) , and RP ＋ Kombucha ＋ G . manihotis ( T４) . Standard fertilization as urea (４６ ％ N) and KCl (６０ ％ K２O)at ５０ kg N ha‐１ and ８３ kg K ha‐１ , respectively , were added to each pot . RP (２７ ％ P２O５ ) fertilization as the treatment was usedat ８７ kg P ha‐１ （２畅２２ g RP pot‐１ ) . We prepared １０ glasses and poured １００ ml of Kombucha suspension , added ２ .２２ g of RPinto each glass and stirred the suspension for T３ and T４ . Each pot received ６ kg of dry soil and contained two seedlings of
puero , inoculated with ５０ g crude inoculum of G . manihotis , according to the assigned treatment at the time of planting . After
８ weeks of grow th , plants were cut and oven‐dried at ７００C for ４８ hours . These samples were analyzed for measurement of DM
production , nitrogen ( N ) and phosphorus ( P ) uptake . Data were analysed using GLM procedure of SAS . Significantdifferences among the treatments were tested using Duncan摧s Multiple Range Test ( Steel and Torrie , １９８０) .
Results and discussion There were no significant differences in DM production , N and P uptake between T０ , T１ , T２ , and T３ .However , T４ increased DM production , and N and P uptake compared to T０ , T１ , T２ and T３ ( Table １ ) . Kombucha producedcitric and malic acid ( Bartholomew and Bartholomew , ２００１ ) , and was capable of solubilizing RP ( Ishikawa et al . , ２００２ ) .Puero has magnolioid roots , which are highly responsive to AM fungi inoculation . Therefore , their association with AM fungicombined with RP fertilization in Kombucha suspension will improved the grow th and development of puero .
Table 1 Dry matter p roduction , nitrogen and phosphorus up take o f Pueraria phaseoloides by rock phosphate f ertiliz ation in
Kombucha suspension and Glomus manihotis f ungi inculation .

T reatment DM Production
( g plant － １ )

N Uptake
( mg plant － １ )

P Uptake
( mg plant － １ )

T０ ( control) ０ 葺.７１ b ２１  .７３ b １ 换.９１ b 倡

T１ ( rock phosphate) ０ 葺.９８ b ２８  .０８ b ２ 换.７２ b
T２ ( RP ＋ G . manihotis) １ 葺.３５ b ３４  .５０ b ３ 换.４３ b
T３ ( RP ＋ Kombucha) ０ 葺.４８ b １５  .３１ b １ 换.２０ b
T４ ( RP ＋ Kombucha ＋ G . manihotis) ３ 葺.０６ a ８１  .２５ a ７ 换.２０ a

倡 Significantly different at DMRT ５ ％

Conclusion Rock phosphate fertilization in Kombucha suspension combined with Glomus manihotis fungi inoculation increasedDM production , N and P uptake of Pueraria phaseoloides in the acid latosolic soil . No differences in DM production , N and Puptake were found between other treatments .
ReferencesIshikawa , S . , Adu‐Gyamfi , J . J . , Nakamura , T . , Yoshihara , T . , Watanabe , T . , Wagatsuma , T . , ２００２ . Genotypicvariability in phosphorus solubilizing activity of root exudates by pigeonpea grown in low‐nutrient environments . Plant and
Soil ２４５(１ ) : ７１‐８１ .Bartholomew , A . , Bartholomew , M . , ２００１ . Kombucha tea Therapy . http :/ / www .positivehealth . com / permit / articles/nutrition/ kombucha .html .Steel , R .G .D . , Torrie , J .H . , １９８０ . Principles and Procedures of Statistics . Second Edition . McGraw‐H ill Book Company
Inc , New York .
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Introduction Animal excreta deposited during grazing are the single largest source of nitrous oxide ( N２O) from agriculture inNew Zealand . N２O gas is formed in soils during nitrification and denitrification processes and these processes are affected bymany soil and climatic factors ( e .g . , soil water‐filled pore space (WFPS) and nitrate concentrations) . There are a number of
possible management options that can reduce N２O emission from dairy farms ( Clark et al . ２００５) . These options include usingrestricted grazing regimes to reduce excreta‐N deposited onto wet soil and using low‐N feed supplements ( e .g . maize) as analternative to using N‐rich pasture . A dairy farm system study was carried out to evaluate effects of these options on N２Oemissions . In this paper we summarise N２O emission data and environmental efficiencies in terms of N２O emissions per unit of milk
production obtained from this study .
Materials and methods The study site contained white clover‐based pasture ( perennial ryegrass , Lolium perenne ; white clover ,
T ri f olium repens ) on a poorly drained loam soil . Farm systems included : １ ) Control : a normal rotational pasture grazingregime with a stocking rate of ３ .０ cows ha‐１ ; ２) Maize supplement : a rotational grazing regime with a stocking rate of ３ .８ cowsha‐１ . About ５ tonnes DM ha‐１ of maize silage were brought in annually ; ３) Stand‐off : Same grazing regime and stocking rate asthe control , but cows were kept on stand‐off pads for １８ hours each day with grazing for ６ hours on pasture during the winter
period . Measurements of N２O were made for two years on the grazed pastures , maize growing land and stand‐off pad ( Luo et
al . ２００８a ,b) . The New Zealand IPCC inventory methodology was used to calculate indirect N２O emissions from leached andvolatilised N .
Results Nitrous oxide emission rates exhibited marked seasonal variation , largely explained by changes in soil WFPS ( Figure
１) . Annual N２O emissions from the grazed dairy pastures were ４ .７ , ４ .０ and ３ .４ kg N２O‐N ha‐１ for the control , maizesupplement and stand‐off treatments , respectively . The N２O emission rate from the maize growing land was ２ .１ kg N２O‐Nha‐１ , and this was equivalent to emission of ０ .１ kg N２O‐N per tonne of maize silage . Emissions of N２O also occurred from thestand‐off pad . Total annual N２O emissions ( including both the field measured and calculated direct and indirect emissions fromall components of the farm systems ) were ７ .７ , ８ .０ and ７ .０ kg N２O‐N per hectare of dairy farm on the control , maizesupplement and stand‐off farm systems ( Table １) . Total N２O emissions per kg of milk production from the maize supplementand stand‐off farm systems were ２２％ and ９％ lower than that from the control system , respectively .

　 Figure 1 N２ O emissions as a f f ected by soil
W FPS .

Table 1 N２ O emissions and env ironmental e f f iciency indicators ( L uoet al . ２００８a ,b) .

Control Maizesupplement Stand‐off
N２O emissions
( kg N２O‐N ha‐１ yr‐１ ) ７ <.７ ８ 种.０ ７ 殚.０
Change in N２O emissioncompared to control ( ％ ) ４ 种‐９  
Milk solids
( kg ha‐１ yr‐１ ) １３ j.４３７ １７  .９２５ １３  .４３７
Efficiency indices
( kg N２O‐N tonne‐１ milk) ０ <.５７ ０ 种.４５ ０ 殚.５２
Gain in efficiency ( ％ ) ２２  ９ 殚

Conclusions The results confirm that the use of low‐N feed supplements or restricted grazing regimes during wet winter areeffective at reducing N２O emissions from dairy farms in terms of N２O emissions per unit of milk production .
ReferencesClark H , Pinares‐Patino C , de Klein CAM ( ２００５ ) Methane and nitrous oxide emissions from grazed grasslands . In :McGilloway DA , Grassland : a global resource , Wageningen Academic Publishers , ２７９‐２９３ .Luo J , Ledgard SF , de Klein CAM , Lindsey SB , Kear M ( ２００８a) Effects of dairy farming intensification on nitrous oxideemissions . Plant and Soil , ( in press) .Luo J , Ledgard SF , Lindsey SB ( ２００８b) A test of a winter farm management option for mitigating nitrous oxide emissionsfrom a dairy farm . Soil Use and Management , ( in press) .
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Introduction Little information is available on the mineral nutrition of yaks ( Bos Grunniens ) .Five mineral elements in herbageand soil were studied in the Qinghai lake area ( Zhang et al ,１９９７) . The results showed that Copper and Zinc content in herbagewas lower than standard , Manganese content was lower than standard in both herbage and soil , while Molybdenum contentexceeded standard in herbage This study aimed to understand the present status of mineral elements in the main yak raising areaaround Qinghai lake , to provide some scientific basis for supplementation of mineral elements to yaks .
Materials and methods Whole blood samples from yaks aged from ２ to ８ years old were collected from Haiyan Tongbao Farm , atan altitude of ２ ,９００ meters above sea level , Samples were collected in March while yak were on spring pasture , grazing naturalgrassland and supplemented with hay at night with a poor body condition score . More blood samples were collected on the samefarm in July while yak were grazing summer grassland without any supplement . At the same times , samples of pasture herbageand soil ( １５cm depth ) were also collected . Zinc , Calcium , Copper , Iron , Potassium and Sodium levels were measured byatomic absorption spectrometry , Sulphur by LY / T １２５５‐９９ , Phosphorus by GB１２３９３‐９０ , Chloride by ion chromatography ,Fluorine by ion selective electrodes , Iodine by GB/ T １３８８２‐９２ and Selenium by GB/ T １２３９９‐１９９６ ( codes refer to nationalstandard methods of P .R .China) . Blood results were statistically analysed with SPSS for differences between ages and sexwithin one age group . Herbage and soil results were analaysed .
Results The results showed that the contents of Sulphur and Selenium in whole blood were greater in summer compared withspring , while other minerals were lower ( P ≦ ０畅０５） ． The content of Calcium , Phosphorus , Potassium , Sodium , Iron ,Selenium and Copper in summer soil in around Qinghai lake area were ０畅７１２０ mg / g , ０畅２３９０ mg / g , ２畅１８４０ mg/ g , １畅０４３０ mg/
g , ４７ .７８ mg/ g , １９７μg / kg and ０ .０５４０ mg / g respectively . , There were no differences between seasons for the Calcium ,Sodium , Iron or Copper content of soils . In summer the content of Phosphorus decreased by １０ times , Potassium decreased by
８ times and Selenium increased by ４ times compared to winter . For the content of mineral elements in herbage , there were nodifferences in the Calcium , Phosphorus ,Potassium , Sodium , Iron or Copper content between the two seasons , while theSelenium content decreased by ５ times from Spring to Summer .
Conclusions The results showed that the deficiency of mineral elements for yak in summer grassland were even worse than thosein winter and spring grassland . , We should give supplementary feeding for mineral elements in summer time for increasing yak
productivity and performance further .
ReferenceZhang CJ , Shang HZ , Zheng XB( １９９７ ) Determination on content of mineral elements in soil and herbage in around Qinghailake area . Journal o f Qinghai A nimal & Veterinary Medicine , ２７ (３) :１‐３ .
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Introduction The relative success of a plant , both in an evolutionary sense and in terms of biomass productivity , depends on itsability to sequester and efficiently utilize soil resources that often are scarce . Nitrogen ( N ) and water are considered to be theresources most of ten limiting survival , reproduction , or grow th , although macro‐or micro‐nutrients , oxygen , physical space ,or other soil factors also may be important in some circumstances . The ecophysiological responses of plants to fluctuations inavailable water and N , therefore , have been and will continue to be important subjects of research ( Evans , １９８９) .
Methods Two Casuarina equiseti f olia clones ( CH and TCR ) were grown in the pots and the pots received two differentnitrogen treatments and water treatments starting from July to December ２０００ . Photosynthesis and WUE of the clones weremeasured seasonally and diurnally to determine different response of the clones .
Results and discussion Photosynthesis and stomatal conductance were well correlated in our study in both clones ( Figure １ ) ; r‐values were in excess of ０畅５ . The slopes and intercepts of the two linear regressions were nearly identical . However , the dataset for �TCR�contained more values in the upper range of photosynthesis ( A ) and stomatal conductance ( g ) . The resultsshowed that physiological processes in foliage of the Casuarina clones respond differently to water stress . Genotypic andpopulation level difference in photosynthetic rate and water relations have been reported within hardwood genera or species( Abrams and Knapp １９８６ ; Furukawa et al . , １９９０ ) . Based on the earlier reports and from the present study , it can beconcluded that high intrinsic rates of photosynthetic rate , light control of stomatal water loss , high WUE , and osmoticadjustment to cellular desiccation are all very desirable for the grow th of the tree species . The physiology of �CH�appears tobe more susceptible to extreme drought than does that of �TCR�. These results could lead to the conclusion that �TCR�wouldbe a better choice for high biomass production under non irrigated in grassland ecosystem condition than �CH�.

Figure 1 L inear regression o f photosynthesis (A ) vs . stomatal conductance ( g ) f or a) CH and b) TCR clones o f Casuarinaequisetifolia .Data f rom all treatment combination and f rom seasonal and diurnal measurements .

ReferencesEvans , J .R . １９８９ . Photosynthesis and nitrogen relationships in leaves of C３ plants . Oecologia , ７８ : ９‐１９ .Abrams , M .D . and Knapp , A .K . １９８６ . Seasonal water relations of three gallery forest hardwood species in northeastKansas . For . Sci . ３２ : ６８７‐６９６ .Furukawa , A . , Park , S‐Y . and Fujinuma , Y . １９９０ . Hybrid poplar stomata unresponsive to changes in environmentalconditions . T rees , ４ : １９１‐１９７ .
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Introduction In Nigeria , Columbus grass is a recently introduced forage crop grown mostly in research settings . Most of theruminant population in Nigeria is located in the semi arid zones , characterized by a long dry season of ６‐７ months , during whichthere is a serious lack of forage both in quantity and quality . This research was therefore conducted to investigate the effect ofdifferent levels of nitrogen fertilizer on the grow th characteristics and herbage yield of Columbus grass in semi‐arid Nigeria asfodder during this period .
Materials and methods The experiment was conducted in the rainy season of ２００５ /２００６ at the Usmanu Danfodiyo UniversityTeaching and Research Farm (１３°１′N , ５°１５′E) using a Randomized Complete Block Design ( RCBD) with three replications .Land was prepared manually using a hoe . The plots were marked out into parallel rows , separated by ０ .５m footpath . The plotswere rectangular , slightly sunken basins of ３m２

× ４m２
（１２m２ ) . Seeds of Columbus grass ( Sorghum almum Parodi ) weremanually broadcasted on the plots at the rate of １９ .８kg ha‐１ . Nitrogen fertilizer ( NPK １５ :１５ :１５) was applied at the rate of ０ ,

４０ and ８０ kg ha‐１ . Plant height , leaf length , leaf width , number of leaves and number of plants per plot were measured in each
plot at ２ , ４ , ６ , ８ and １０ weeks af ter planting (WAP) Herbage yield was estimated once at １０ WAP . Data were subjected toanalysis of variance , and LSD was used to compare means ( SAS １９８８) .
Results and discussion Plant height , leaf length and leaf width of Columbus grass under different nitrogen applications atdifferent time intervals are presented by weeks post planting in Figure １ . Nitrogen application affected ( P ＜ ０ .０５) plant heightat １０ WAP and leaf width at ２ and １０ WAP respectively . Similarly , stand count was affected ( P ＜ ０ .０５ ) at ４ to １０ WAP( Figure ２) . Mean number of leaves did not differ significantly ( P ＞ ０ .０５ ) between the treatments . ８０ kg ha‐１ produced thehighest ( P ＞ ０ .０５ ) mean DM yield of ７１００ kg ha‐１ . This was slightly lower than the value of ８１８０ kg ha‐１ reported byMuhammad (２００４) in the same ecological zone .
Conclusion It can be concluded from the results of this study that ８０ kg ha‐１ produced the best results in the area of study .

Figure 1 Plant height , Leaf length and Leaf w idth o f
Columbus grass w ith di f f erent sow ing methods at
di f f erent time interv als .

　 　

Figure 2 Stand count and number o f leaves o f Columbus
grass w ith di f f erent sow ing methods at di f f erent time
interv als .

ReferencesMuhammad , I .R . (２００４) .Production and utilization of Columbus grass ( Sorghum almum Parodi) in the Savannas of Nigeria .PhD Thesis , Department of Animal Science , Ahmadu Bello University , Zaria , Nigeria . １８２pp .SAS (１９８８) . Statistical Analysis System ( SAS /STAT ) user摧s guide release ６ .０３ . ed . Statistical Analysis Systems InstituteInc . , Cary NC . , pp ５４９‐６４０ .
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Introduction The productivity of grazing land is an important factor to maintain soil organic carbon . Soil carbon is an importantdeterminant of site fertility due to its role in maintaining soil physical and chemical properties ( Reves , １９９７ ) . Biomassproduction indicates land productivity and declining soil organic carbon indicates land degradation ( Ramachandran et al . ,
２００７) . Land use and soil management practice can influence soil organic carbon dynamics . Thus , the present investigation isfocused on soil organic carbon , rainfall and productivity of grazing lands in the Eastern Ghats of Tamil Nadu( TN) .
Materials and methods The present study was carried out at Yercaud , Sirumalai , Hogenakal and Thoppur . Biomass and
productivity studies followed the methods of Singh and Yadava , ( １９７４ ) . Organic carbon was estimated by the method ofWalkley‐Black ( １９３４) .
Result and discussion Maximum productivity was observed at Yercaud ( １８９０ ) and minimum at Thoppur ( １３４８ ) . This may bedue to the vegetation and rainfall condition of that area , similar observations were reported by Singh and Yadava ( １９７４ ) .Organic carbon was higher at the ０‐１０ cm soil depth in all study areas similar to the findings of Ramachandran et al . , (２００７) atKolli Hills . Organic carbon variation at different location may be due to the variation in productivity of these study areas
( Table１) . The content of organic carbon was higher during winter due to high litter fall in that season . Present investigationreveals that higher rainfall increases the biomass productivity and soil organic carbon in the Eastern Ghats of Tamil Nadu .
Table 1 Graz ing land biomass p roductiv ity and soil organic carbon in the Eastern Ghats o f TN .

Location Dominant grasslandspecies( rain fall)
BiomassProductivity
g /m２ / yr

Organic carbon ( ％ )
Soil Depth ( cm) Seasons

０ － １０ Z１０ － ２０ '２０ － ３０ 葺Winter Summer Monsoon
Yercaud Themeda triandraForsk . (１９５８mm) １８９０ �４ 父.０８ ３ o.４２ ２ %.８５ ４ 圹.３１ ３ 憫.４０ ３ 悙.０４

Hogenakal Heteropogon contortusLinn . (７１０mm) １６８０ �１ 父.５５ １ o.１８ ０ %.９９ １ 圹.５２ １ 憫.４２ １ 悙.２５
Sirumalai Themeda triandraForsk (７８０mm) １７５１ �１ 父.７３ １ o.３９ １ %.２０ ２ 圹.８２ １ 憫.５０ １ 悙.２９
Thoppur Heteropogon contortusLinn . (７５４mm) １３４８ �１ 父.３３ １ o.２０ １ %.０３ １ 圹.３６ １ 憫.１５ １ 悙.０６

ReferencesRamachandran , A . , Jayakumar S . , et al . , ２００７ . Carbon sequestration : estimation of carbon in natural forests in the EasterGhats of TN . Current Science ９２(３) : ３２３‐３３１ .Reves , D W . , １９９７ . The role of soil organic matter in maintaining soil quality in continuous cropping systems . Soil T illage
Res . , ４３ , １３１‐１６７ .Singh J S . , and Yadava P S . , １９７４ . Seasonal variation in plant biomass and productivity of grassland at Kurukshetra , India .
Ecological Monographs . ４４ , ３５１‐３７６ .Walkley , A . , and Black I A . , １９３４ . An examination of the Degtajareff method for determining soil organic matter and a
proposed modification of the chromic acid titration method . Soil Sciences , ３７ : ２９‐３８ .
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Introduction Maintaining an optimum soil pH through liming is critical for soil health and grass grow th . Pelletised lime is finely
ground limestone , pelletised into fertiliser‐sized granules that can be conveniently spread using a conventional fertiliserspreader , making it easier to apply than regular liming materials and eliminating the dust problem associated with them .Pelletised lime has been shown to produce yield responses in crops such as alfalfa , soybean and wheat but the effects on grass
yield have yet to be evaluated . The fine particle size of pelletised lime may result in a quicker reaction in the soil and a smallerquantity may be required compared to bulk spread aglime , which of ten has some larger nonreactive particles as part of itscomposition . Some studies however , have reported a slower rate of reaction , possibly due to the lignosulfonate binding agentand/or the distribution pattern ( Murdock , １９９７ ) . This study is aimed at evaluating some of the potential benefits of usingpelletised lime on grassland , in a three‐year fully replicated plot experiment and through a concurrently running on‐farm trial atfour farms across Northern Ireland . The first year results of the experiment are presented here .
Materials and methods A grassland plot experiment investigated the following rates of pelletised lime (０ , １７５ , ３５０ and ５２５ kglime/ ha/ yr) and dolomitic ground limestone ( ０ , １７５ , ３５０ and ５２５ kg lime/ ha/ yr ) applied annually in spring . Nitrogenfertiliser ( as CAN) was applied equally over three applications , at the following rates , ０ , ７５ , １５０ , ２２５ and ３００ kg N / ha/ yr .There were three replicates of each treatment , laid out in a randomised block design , along with controls , giving a total of １１７
plots . Each plot (２m x ８m) was cut using a Haldrup harvester , under a three cut silage system ( cuts at ～ ６ week intervals )with ２ slurry applications per year after harvest . In the on‐farm trial , silage fields were marked on into ２４ m wide strips .Pelletised lime was applied to alternate strips . Two cuts of silage took place per farm , with strip‐cuts made using an Agriamower . Grass dry matter ( DM ) yield was measured at each cut , along with N Offtake , and the nutrient composition of the
grass was analysed . Grass Quality was measured by the digestibility of the grass , the crude protein content and dry mattercontent at each cut . Soil pH and soil chemical composition were analysed at the start of the experiment and will be evaluatedafter three years of the study to assess the effects of pelletised lime on soil pH and other chemical properties , along with grass
yield and grass quality . The pH at the start on the study was ５ .７８ , which is below the UK guidelines for the optimum soil pHfor continuous grass swards on mineral soils
Results Within the plot trial there was no significant effect of lime at Cut １ or Cut ３ or on the total DM yield for the year .Therewas a slightly significant ( 倡 ) difference in DM yield at Cut ２ for plots that had received lime compared to those that had not .Plots which had received pelletised lime had a small significantly lower DM yield at zero N and at the highest N application rate( ３００ kgN / ha/ yr ) . However , the effect was only slightly significant and applied to Cut ２ only . There were no overallstatistically significant effects of pelletised lime on grass DM yield , grass quality , N off take or nutrient composition of theherbage in year １ . In the on‐farm trial there were significant differences in grass yield and nutrient composition of the herbagebetween different farms , but there was no significant lime effect on DM yield of chemical composition of the herbage at any cut .
Conclusions Pelletised lime had no overall significant effect on herbage DM response curves to nitrogen in both plot and on‐farmtrials in the first year of use . There were no overall statistically significant effects of pelletised lime on grass quality , nitrogenoff take or in the nutrient composition of the herbage . No overall positive benefits or conclusive interactive effects of pelletisedlime and fertiliser N on sward productivity were apparent in year １ . Two further years of experimental data will enable moreconclusive benefits of using pelletised lime on grassland to be scientifically evaluated .
ReferenceMurdock , L .W . ２００７ . Pelletized Lime How quickly does it react ? Vol . １８ Number ９ . University of Kentucky , USA .
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Productivity potential and seasonality of five grass species under varying Nitrogen levels at three
latitudes in Ireland
D . McGillow ay 1 and T . J . Gilliland2 ,
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Introduction This multi‐site project was initiated in Ireland to address the expected implications of the recent European UnionCAP reform ( ２６ June ２００３ ) , which established management directives that curtail soil fertility and animal stocking rates tothreshold levels on farms . As this is expected to increase extensification of grassland use , the existing ryegrass based highfertility production systems (DAF ２００７ , Gilliland , ２００７) need to be re‐evaluated for their ability to meet grazing animal needsin comparison with alternative minor grass species . Comparative studies of grass species have been conducted in the past
( Frame , １９８９ and １９９１ ) but varietal improvements have since been achieved in most species . Furthermore , the interactionsbetween climate , fertility levels and stock grazing strategies for seasonal production have not been adequately determined .Therefore , the primary objectives for the current study were to assess the relative productivity potential of a range of grassspecies under different fertility and defoliation regimes at widely different climatic locations .
Materials and methods The study was conducted at three locations , Crossnacreevy ( ５４°３２′N , ０５°５２′W) , Backweston ( ５３°２２′N , ０６°３０′ W) and Moorepark ( ５２°０９′ N , ０８° １６′W) , which equate to a maximum range of difference in day length of ６０minutes on １６ June ( derived from Meeus , １９９１) and a wide range in mean daily temperatures , rainfall and photosyntheticallyactive radiation levels . Single ( ?) varieties of five grasses ( Lolium perenne , Phelum p ratense , Festuca p ratensis , Festuca
arundinacea and Dacty lis glomerata) were sown with companion white clover ( T ri f olium repens ) in a three replicate field plotexperiment at each site in ２００６ . Three nitrogen ( N ) levels : High , ４２０ kgN ha‐１ , Medium , ２１０ kgH ha‐１ and Low , １０５ kgNha‐１ were applied . Sward height assessment by rising plate metre was performed fortnightly , January‐November ２００７ . For theHigh N and Medium N treatments , coincident , approximately monthly , defoliations were imposed , whereas at the Low Ntreatment , defoliation frequency was timed independently at each site , occurring when the average sward height of the thirdtallest species achieved ６ cm above the base defoliation height .
Results and discussion There were significant effects of site , species and nitrogen level on yield and seasonality of production .The differences in seasonality of grow th were evident between the sites from early in spring , with first Moorepark (２０ March)and then Backweston ( ２７ March) and finally Crossnacreevy (１２ April) reaching the initial target defoliation height at the LowN treatment . Total annual production ranged by ２ . １ t / ha between the sites ( ８畅１ t / ha Crossnacreevy to １０畅２ t / haBackweston) , by １畅５ t / ha between species ( D . glomerata cv , Donata ８ .４ t / ha to P . p ratense cv , Dolina ９ .９ t / ha) and by ４畅０t / ha between nitrogen treatments ( High N , １１ .２ tDM ha‐１ to ７ .３ tDM ha‐１ for the Low N ) , which also significantly affectedcompanion clover content in all species and sites . Nitrogen use efficiencies and herbage supply profiles were calculated for allspecies by site combinations and evaluated with reference to the white clover content for each of the three nitrogen treatments .
Conclusions The generally accepted hierarchal ranking of these grass species , which have been long established under temperatemaritime growing conditions , was not accurately reproduced . Imposing the fertility and location variables affected the speciesdifferentials and it was also concluded that advances in plant breeding had further acted to significantly distort the established
production superiority of L . perenne over these other minor摧 grass species .
ReferencesDAF ２００７ , Department of Agriculture and Food , Grass and Clover Recommended List Varieties for Ireland ２００７ .Frame , J . １９８９ . Herbage productivity of a range of grass species under a silage cutting regime with high fertilizer nitrogenapplication . Grass and Forage Science , ４４ , ２６７‐２７６Frame , J . １９９１ . Herbage production and quality of a range of secondary grass species at five rates of fertilizer nitrogenapplication . Grass and Forage Science , ４６ , １２９‐１５１Gilliland , T . J . ２００７ , Department of Agriculture and Rural Development , Grass & Clover Recommended Varieties forNorthern Ireland ２００７ /０８ , ISBN ９７８ １ ８４８０７ ００３ ５ , Belfast , pp ３３ .Meeus , J . １９９１ . Astonomical algorithms . Richmond , Va . : Willmann‐Bell . ISBN ０９４３３９６３５２ .
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Physical soil quality in the main areas of pastures in dairy production in Uruguay
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Introduction During the last decades dairy production in Uruguay has become more intensive . A better knowledge of soil qualityin dairy production is needed to improve and develop sustainable soil use and management practices under this scenario . As partof a larger research project some results related to soil physical properties in these systems are presented .
Materials and methods This study was conducted during ２００５ and ２００６ on eighty six dairy farms located in the Departments ofColonia , San Jos and Florida ( Mor n et al , ２００６) . Soils from the selected farms vary from Argiudolls to Hapludolls . For eachfarm , two sampling sites representing two different phases of the pasture rotation were selected . Sampling sites compared a
perennial pasture in it摧s third‐year ( P ) with an annual winter pasture ( V ) . Additionally , undisturbed sites usually locatedunder an old fence , were also selected as a reference for both phases of the pasture rotation . Hence , there was one reference forthe perennial pasture ( RP) and one for the annual winter pasture ( RV) . For each site and its correspondent reference six soilsamples were taken at the ０‐１０ cm depth with PVC cylinders of １６７ cm３ . Soil samples were saturated in the laboratory , placedin a tension table under a suction of ６０ cm until equilibrium was established . Soil macroporosity was then calculated . Soilsamples were dried and bulk density was determined . Total porosity was estimated from the bulk density data for each sampleand assuming a particle density of ２ .６５ g / cm３ . T reatments were analysed as a randomized split‐plot design .
Results and discussion Table １ depicts a summary of results obtained in all three departments . For the soil physical qualityindicators evaluated , no significant differences were observed between the two phases of the pasture rotation ( P vs V) . Thus ,the mean value is presented for P and V as well as for RP and RV . There was a significant effect ( P ＜ ０ .０００１) for the contrastbetween disturbed ( P , V ) and undisturbed sites ( RP , RV ) in each of the departments where the study took place . Thisindicates a degradation of soil physical properties . Soil bulk density for P , V was significantly different between
Table 1 A verages o f soil physical indicators in the three more important departments in milk p roduction o f Uruguay .

Bulk Density g / cm３ wMacroporosity ( cm３ / cm３ total)１００ 哪Total porosity ( cm３ / cm３ total)１００ 沣
Colonia P , V １ 热.５１ ４ 腚.１７ ４３ 栽.１２
Colonia RP , RV １ 热.３０ ５ 腚.６４ ５０ 栽.９２
San José P ,V １ 热.４１ ５ 腚.２１ ４６ 栽.６６
San José RP ,RV １ 热.２７ ６ 腚.５２ ５２ 栽.１１
Florida P , V １ 热.３７ ４ 腚.４９ ４７ 栽.２８
Florida RP , RV １ 热.２６ ５ 腚.４５ ５２ 栽.３８
P ＝ perennial pasture , V ＝ annual winter pasture , RP ＝ reference P , RV ＝ reference V
Colonia ＞ San José ≈ Florida . Total porosity for P , V also presented significant differences : Florida ≈ San José ＞ Colonia .Soil macroporosity for P ,V was :San José ＞ Colonia ( P ＜ ０ .０５) but Colonia ≈ Florida and Florida ≈ San José . The observeddifferences are not totally related to the impact of dairy production , since much of the sampling sites have a previous history ofconventional agriculture . This can reasonably explain the higher degradation observed in Colonia compared with the otherDepartments .
Conclusion There is a consistent soil physical degradation in soils under dairy production in all three Departments . However ,this impact is more important in the Department of Colonia .
ReferencesMorón ,A . ,Molfino ,J . ,Sawchik ,J . ,Califra ,A . ,Lazbal ,E . ,La Manna ,A . ,Malcuori ,E .２００６ .Calidad del Suelo en lasPrincipales reas de Producci n Lechera de Uruguay : Avances en el Departamento de Colonia . In : CD XX Congreso

A rgentino de la Ciencia del Suelo . Salta‐Jujuy , Argentina .
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Nitrogen fixation in irrigated lucerne ( Medicago sativa ) systems assessed using 15N natural
abundance
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Introduction While lucerne is grown on some ２７０ ,０００ ha in the SE of South Australia its capacity to fix N２ has not beenassessed , although in eastern Australia an irrigated lucerne stand was found to fix ca ８５％ of its N in its fif th year , and ４５％ inits sixth year (９０ kg N / ha/ yr) (Brockwell et al . , １９９５) . The present study examines possible N２‐fixation by irrigated lucernein farmers fields in the principal lucerne seed producing region of Australia .
Materials and methods The study was conducted in the area around Keith in south‐eastern South Australia in December of ２００６ .Five properties growing lucerne were visited and four lucerne fields under irrigation sampled on each property . Soils at the siteswere mostly shallow , neutral to alkaline sododols over limestone , with a few leached mildly acid sands . Most lucerne standshad been grazed earlier in the year and each lucerne stand had already been cut once in the months preceding our visit but wascurrently locked up for a second hay cut . Dry matter cuts of ０ .４７m２ were taken for estimation of dry matter production at fiveseparate locations . Dependence of lucerne on N２‐fixation was assessed using the １５N natural abundance ( １５N) technique .
Results and discussion Variation in dry matter production between sites (４ .６‐９ .９ t / ha) probably reflected time since last cuttingand irrigation applied . Amounts of N２ fixed in the standing dry matter at the time of harvest ranged from ７２‐２４３ kg N / ha , withan average of １４８ kg N / ha . This does not represent seasonal or annual totals , but only that in standing dry matter at the timeof our sampling af ter the first seasonal hay cut , and it is likely that total annual N２‐fixation could be ２‐３ times this . Taking aconservative approach (２x ) we estimate that N２‐fixation in irrigated lucerne in this region must average ＞ ３００ kg N / ha . Thisdoes not include possible contributions in lucerne root N .Kelner et al . , (１９９７) multiplied shoot N fixed by １ .５９ to acount forN in roots , which for the sites in our study would equate to ４７７ kg N fixed/ ha/ yr . Further work would be required to validatethese extrapolations . Nevertheless these productive pure lucerne hay / seed systems fix substantial quantities of N .
ReferencesBrockwell J . , Gault R . , Peoples M . , Turner G . , Lilley D . , Bergersen F . １９９５ . N２ fixation in irrigated lucerne grown forhay . Soil Biology Biochemistry ２７ , ５８９‐５９４ .Kelner D . , Vessey K . , Entz M . H . １９９７ . The nitrogen dynamics of １‐ , ２‐ and ３‐year stands of alfalfa in a cropping system .Agriculture , Ecosystems and Env ironment ６４ , １‐１０ .
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Sources of nitrogen in a Napier grass/ legume mixture on smallholder dairy farms in central
Kenya
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Introduction In Kenya , dairy production is a major source of smallholder farm income , especially in recent years after thecollapse of coffee prices . The smallholder dairy systems are characterised by low weight gains in young stock and low milk
production (５‐６ kg cow‐１ day‐１ ) . The low yields are attributed to inadequate year‐round feed supply , protein and energy intake .The main source of forage is Napier grass ( Pennisetum purpureum ) grown in monoculture . A Napier grass / forage legumemixture can address the constraints to forage yield as the legumes have the ability to fix atmospheric nitrogen ( N ) through theirsymbiotic association with rhizobia ( Giller , ２００１) .
Materials and methods The site was in central Kenya ( ３６ .３°E , ０ .３０°S ) . The soils are humic Nitosols with relatively highinherent fertility . The area receives １ ,０００ mm of rainfall in ２ seasons . The experiment was laid out in a randomised completeblock design replicated ５ times with plots measuring ８ x ８ m . Napier grass ( Pennisetum purpureum ) cv . Bana wasintercropped with one of the following legumes : Desmodium intortum cv . Greenleaf ( ILRI １０４ ) , Macroty loma ax illare cv .Axillare ( ILRI ６７５６ ) and Neonotonia w ightii cv . Tinaroo ( ILRI ９７９４ ) . All the legumes were inoculated with appropriate
Brady rhiz iobium spp . After the first three months establishment period the forage was harvested every ８ weeks and the yieldseparated into grass and legume components . Biological nitrogen fixation ( BNF ) was determined using the １５ N naturalabundance method .
Results The Napier grass / Desmodium mixture had the highest legume and total dry matter (DM ) yield ( P＞ ０ .０５ ) in the threeyears of the trial , although the grass component yield was slightly lower than that from the mixture with Macroty loma . Themixture with Neonotonia had the lowest legume and total DM yield in the same period . Over a period of three years the Napier/
Desmodium mixture had the highest total nitrogen yield followed by the mixture with Macroty loma ( Table １ ) . The mixturewith Desmodium derived the highest amount from biological nitrogen fixation (BNF) while the Napier / Neonotoniamixture hadthe least N from BNF ( Table １ ) . The proportion of nitrogen derived from BNF was relatively low , the highest being ２２％ .Even with Desmodium which had the highest proportion of N from BNF the mixture still ex tracted ４１２ Kg /N ha from the soil( Table １) .
Table 1 N itrogen y ield and sources in a Nap ier grass legume mix ture in central Kenya .
Mixture ofNapier grasswith :

Grass N yield
( Kg / ha)

Total N yield
( grass ＋ legume)( Kg / ha)

N from BNF
( Kg / ha)

Proportion ofN fromBNF ( ％ )
N from soil
( Kg / ha)

Desmodium ２６５ ┅５３０  １１８ 倐２２ 览４１２ Z
Macrotyloma ３５３ ┅４８７  ６６ T１４ 览４２１ Z
Neonotonia ２６７ ┅３２６  ３２ T１０ 览２９４ Z

Conclusions The low proportion of N derived from BNF could be attributed to the high inherent soil fertility at the site . Thelegume mixtures still ex tracted a large amount of N from the soil which would have to be replenished but still contributed alarge amount of N from BNF .
ReferenceGiller , K .E . (２００１) Nitrogen Fixation in T rop ical Crop p ing Systems . ２nd Edn ( CAB International : Wallingford) .
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Impacts of strategic grazing on herbage accumulation and nutritive value of naturalised hill
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Introduction Steep hill country is an important part of the landscape in southern Australia . Despite lower productivity , this land
plays a critical role in controlling recharge , water and nutrient runoff and soil erosion . A major problem in steep hill country isovergrazing on hilltops , which leads to poor groundcover by perennial pasture species and dominance of annuals in winter andspring . Restoration of perennial pastures including perennial native grasses that are well adapted to Australian environment isthe key to improve the sustainability and profitability of the farming systems . Previously Nie et al . ( ２００５ ) revealed that aseries of strategic grazing strategies can increase perennial grass population by ３０％ ～ ４７％ , and groundcover up to ９０％ insummer/ autumn . This paper reports the effects of strategic grazing on pasture production and nutritive value .
Materials and methods This study was conducted on a commercial farm ( １４３°０８′E , ３７°２５′S ) near Ararat , Victoria , Australiafrom ２００２ to ２００６ . The soil was a sedimentary clay loam with low fertility ( e .g . Olsen P ＝ ４ mg / kg soil) and low pH ( pHH２ O
＝ ５ .２ ) . The average annual rainfall during the experimental period was ４５０ mm . Four treatments were imposed in arandomised complete block design with ３ replicates . They were : １) a short‐term deferred grazing treatment ( SD) ( pastures notdefoliated between October and January each year) ; ２) long‐term deferred grazing ( LD) ( from October to May) ; ３) late‐startdeferred grazing ( LSD ) ( the starting time varied according to stem elongation of annual grasses each year to remove the
growing points of these species ; generally from October / November to May ) ; and ４ ) set‐stocking ( ST ) . The pasture wasinitially dominated by exotic unimproved annual species and perennial species were mostly Australian native grasses . Herbageaccumulation ( HA) was estimated by measuring pre‐and post‐grazing herbage mass ( deferred grazing treatments) , or herbagemass in ３ randomly located pasture cages per plot ( ST ) from July ２００５ to July ２００６ . Samples from ３０ toe cuts per plot werecollected on a seasonal basis for nutritive value analysis . The samples were oven dried at ６０ ℃ for ２４ hours for lab test andmean nutritive values calculated over ４ seasons .
Results and discussion There were significant ( P ＜ ０ .０５ ) differences in HA between treatments ( Table １) . Compared with ST ,LSD increased HA by ６７％ , LD by ５６％ , and SD by ３１％ . There were also significant ( P ＜ ０ .０１ or P ＜ ０ .０５ ) differences innutritive characteristics ( Table １) . Overall , w ith few exceptions , deferred grazing treatments increased dry matter digestibility(DMD) and crude protein content ( CP) , but reduced neutral detergent fibre ( NDF) , in comparison with ST . The increasesrange from ２％ ～ １３％ for DMD and １０％ ～ ３０％ for CP . SD and LD reduced NDF by ７％ and ３％ , respectively , but LSD didnot , compared with ST . Major reasons for improved yield and nutritive value under deferred grazing were probably attributedto longer growing season , higher yield and better nutritive value of the perennial native species than the exotic annuals , whichwere observed and reported by Nie & Mitchell (２００６) .
Table 1 Herbage accumulation ( HA , kg DM / ha ) f rom July ２００５‐July ２００６ and nutritive v alue : DMD‐dry matter
digestibility ( ％ ) ; CP‐crude p rotein (％ ) ; and NDF‐neutral detergent f ibre (％ ) under various graz ing regimes .

T reatment HA DMD CP NDF
SD ３５００ �５９  .１ １２ x.７ ６２  .０
LD ４１４１ �５６  .０ １１ x.１ ６４  .５
LSD ４４３３ �５３  .４ １０ x.８ ６６  .８
ST ２６６２ �５２  .２ ９ a.８ ６６  .５
s .e .m . ２８４ 晻.５ 倡

０ 　.９５ 倡 倡
０  .３０ 倡 倡

０ 构.８９ 倡

倡 P＜ ０ .０５ ;倡 倡 P＜ ０畅０１

Conclusions While various deferred grazing treatments improve the plant population density and groundcover by perennial
pasture species ( mostly Australian native species) in this marginal land class , they also have a positive impact on pasture yieldand nutritive value . Deferred grazing could achieve both environmental and economical benefits for difficult landscapes such assteep hills .
ReferenceNie ZN , Mitchell M (２００６) Managing and using native grasses ( Chapter １１) . In ZN Nie and G Saul ( Eds) : Greener pastures

f or south west V ictoria . Victorian Department of Primary Industries , Hamilton . pp９９‐１０６ .
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Growth and development in cultivars of Phleum pratense and Lolium perenne during winter
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Introduction More variable winter climate with frequent fluctuations between frost and mild weather are expected in Norway
( RegClim ２００５) . The aim of the study was to provide a detailed picture of grow th and development of contrasting cultivars( cvs .) of timothy ( Phleum p ratense L .) and perennial ryegrass ( Lolium perenne L .) during winter as part of a climate changestudy .
Materials and methods Cultivars of timothy ( Engmo , Grindstad , Jauniai , S４８) and perennial ryegrass ( Riikka , Gunne , Veja ,S２３ ) , all of North European origin , were established on a coastal location ( Fureneset , ６１°N , ５ .０４°E , ３０ m a s l) in Norway .Plants were established in May ２００５ in １０１ black polyethylene bags filled with a fertilized sand‐peat mix ture , １０ seedlings perbag and placed in the field , and ２０ bags per m２ . Destructive sampling was performed on five occasions from ２０ October ２００５ to
２１ April ２００６ for determination of above ground biomass , tiller density and leaf area , all dried at ６０ ℃ for ４８ h ( dw ) . Totalcarbohydrate content was analyzed according to Ashwell (１９５７) and LT５０ values were calculated from freezing tests ( H glindet al . , ２００６) .
Results Distinct differences between ryegrass and timothy during winter were observed ( Figure １ ) . Lowest LT５０ values werefound in January for ryegrass (‐８ .６ ℃ ) and in March for timothy (‐１４ .２ ℃ ) . In April the observed LT５０ values were‐６ .５ ℃and‐８ .６ ℃ for ryegrass and timothy , respectively . The autumn was very wet , with frequent rain , giving the plants poorhardening conditions . Mid‐winter was mild prior to a cold period in late winter and spring ( Table １) .

Figure 1 Above ground biomass , tiller density , lea f area and
carbohydrates during the period ２０ Oct . ２００５ to ２１ A p ril ２００６ .

Table 1 Mean monthly temperatures ( ℃ ) and
p recip itation (mm) f rom on‐location weather
station .
Month(２００５‐０６) Airtemp . Precip .
May ８ Ё.３ １５４ p
June １１ 揪.３ １５８p
July １５ 揪.３ １０１ p
August １３ 揪.３ ２１８ p
Sept . １２ 揪.０ ４１１ p
Oct . １０ 揪.３ ２１０ p
Nov . ５ Ё.８ ４１８ p
Dec . ３ Ё.０ １８７ p
January ２ Ё.９ ２０１ p
February ２ Ё.８ １２９ p
March ‐０ 抖.１ ５７ Y
April ５ Ё.２ １６９ p

Conclusions A high above ground biomass and tiller production in ryegrass compared to timothy during the autumn levelled outtowards the spring due to a rapid loss of ryegrass tillers during winter . The reduction also caused a considerable reduction incarbohydrates per unit area in ryegrass . Timothy kept most of its above ground biomass with slightly increased carbohydratecontent , and achieved a higher level of frost tolerance .
ReferencesAshwell , G . , １９５７ . Colorimetric analysis of sugars . Methods Enz ymol . ３ : ４６７‐４７１ .H迸glind , M . , J rgensen , M . , 矱strem , L . , ２００６ . Grow th and development of frost tolerance in eight contrasting cultivars oftimothy and perennial ryegrass during winter in Norway . Proceedings NJF seminar ３８４ Timothy productivity and forage
quality‐possibilities and limitations , Akureyri , Iceland . AUI Publication No . １０ : ５０‐５３ .RegClim . ２００５ . Norges klima om １００ 狈r . Usikkerhet og 矱kt risiko . ( In Norwegian) . http :/ / regclim .met .no
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Use of biofertilizer in the formation of joined pastures with Brachiaria decumbens and
Stylosanthes sp1

L . M . Paiva2 ,3 , H . J . Fernandes2 ,3 , V . A . C . dos Santos2 , F . P . de Oliveira2 , P . S . F . T rev isan2 and A . V . de
A lmeida2 . 1 Partially f unded by FUNDECT ; 2 State University o f Mato G rosso do Sul / FUNDECT , Aquidauana‐CERA
road , Km 12 , A quidauana , MS , 79200‐000 , Braz il , E‐mail : ike .f ernandes＠ hotmail .com ; 3 A nimal Science Department ,
Federal University o f V i osa , V i osa , MG , 36570‐000 .

Key words : joined pastures , heifers , organic fertilization
Introduction The competitive advantage of beef cattle on pasture is mainly the low cost and low risks of diseases associated withanimal nutrition . When initializing the growing phase , calves are affected by the weaning stress . If it was associated withforage production seasonality , the grow th will be affected and the production cycle increase . The system becomes then lessefficient and the production cost increases . Biofertilizers produced in the farm represents an opportunity to improve animal
performance , without large increase in the production cost . Besides , biofertilizer uses also has environmental advantages , as itreduces chemical fertilizer consumption , as well as the release of residues into the environment . The objective of this study wasto evaluate the productive capacity of the pastures that receive or not receive biofertilizer in their formation .
Materials and methods This study was developed in tropical conditions in the region of Aquidauana , MS , Brazil , f rom August
２００４ to August ２００５ , using twenty‐four pastures with B . decumbens stapf and Sty losanthes sp . Twelve pickets received andtwelve not receive organic fertilization with biofertilizer at pasture formation . The biofertilizer was made with fresh manure ,biofertilizer residue , milk , molasses , ash , manganese sulfate , zinc sulfate , bone meal , Arad phosphate , magnesium sulfate ,monoammonium‐phosphate , boric acid , ammonium molybdate and water . The mixture was diluted at ２５％ v / v and ３００ L of theproduct was applied per picket . Forty heifers with seven month age and ２００ kg of live weight were distributed into four groups .Each group was kept in a group of six pickets and managed in rotational grazing system . At every １５ days , pasture sampleswere collected from the pickets to evaluate the pasture availability . The animals were weighted every ２８ days . Data of monthlyavailability of pasture dry matter and daily mean gain during all the experimental period were examined by analysis of variance ,and , if fertilization significant effect was detect , the means were compared by the t‐test , at ５％ significance level .

　 　 　 　 Figure 1 Monthly dry matter av ailability o f
the pastures during all the ex perimental
period . There were no signi f icant di f f erences
in any o f the evaluated months ( p ＞ ０ .０５ ) .
(V ertical bars ＝ s .e .)

Results and discussion There was no significant difference for
pasture dry matter availability ( DM ) in any month betweenthe fertilized or not fertilized pastures , during all theexperimental period ( Figure １ ) . Despite this , it should beemphasized that DM in pastures that received biofertilizer wasalways higher than in pastures which did not receive thefertilizer . The non‐significance for the differences in DM canbe explained by the observed large standard errors . Thelargest weight gain observed in heifers kept on pasturesreceiving biofertilizer ( Table １ ) corroborates the largerproductive capacity of these pastures . The superiority ofpastures receiving the biofertilizer may be related to the highnitrogen content in this fertilizer . Fagundes et al ( ２００５ )reported that this is the main limiting factor to plantdevelopment under the pasture conditions here assessed .

Table 1 Daily mean weight gain (DWG) o f Nellore hei f ers graz ing on pastures receiv ing or not bio f ertiliz er .
Fertilized
Pastures

Non‐fertilized
Pastures

CV
( ％ )

DWG
(Kg/d) ０ い.３３６a ０ U.２４３b ４６ 　.２４

Means followed by different letters , are significantly different by the t‐test at ５％ of significance .
Conclusion The use of biofertilizer at pasture formation led to an increase in the productive capacity of the pastures .
ReferenceFagundes , J .F . , Fonseca , D .M . , Gomide , J .A . , et al . ２００５ . Acúmulo de forragem em pastos de Brachiaria decumbensadubados com nitrog nio . Pesquisa A gropecu ria Brasileira ４０ (４) :３９７‐４０３ .
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Seasonal nutrition content changes of stockpiled and standing Leymus cinereus forage
B .L . Perryman , L .B . Bruce , K . Conley , L . Schmelz er , and T . W uligi
Department o f A nimal Biotechnology , University o f Nev ada‐Reno , Mail Stop 202 , Reno , Nevada 89557 , USA .
E‐mail : bperryman＠ cabnr .unr .edu

Key words : seasonal nutrition content , stockpiled forage , standing forage , Leymus cinereus
Introduction Great Basin wildrye ( Leymus cinereus Scribn .&Merr .) , an indigenous , tall and robust grass species of theIntermountain Region of North America , has the potential to produce large amounts of forage , however , due to elevatedmeristematic growing points and a tendency to become coarse and unpalatable at maturity , it is of ten avoided or devalued as aforage resource . Stockpiled forages often retain higher nutritional quality than post‐senescent forage of the same species
(Buckmaster １９９２ ; Strohbehn et al . ２００４ ) . Great Basin wildrye frequently occurs naturally in meadows , essentially as amonoculture , permitting the use of equipment for cutting and windrowing . This project evaluated the nutritional quality ofGreat Basin wildrye as both a stockpiled and a standing forage .
Materials and methods In a meadow located at the University of Nevada‐Gund Ranch , Great Basin wildrye was sampled fornutritional analysis on June １ . A portion of the meadow was then windrowed with the cutter bar raised above the growing
points (４６ cm) . On the first of each succeeding month , July‐October , both standing and windrowed wildrye were sampled fornutritional analysis . Data were organized into paired t‐tests that compared windrow and standing forage values by month .
Results Dry matter , as expected , was much higher in the windrow than standing forage ( P ＜ ０ .０００１) until October when theywere equal . Acid detergent fiber ( ADF ) content was consistently lower in the windrow ( P ＜ ０ .０００１ , Figure １ ) . In thestanding crop , ADF increased from July to October , indicative of declining energy values . Crude protein was higher in thewindrow throughout the test period ( P ＜ ０ .０００１ ) . Crude protein decreased steadily from １２％ in June to ４ .６％ in October instanding forage ( Figure ２) . Phosphorus was lower in the windrow than standing forage in July , however , it maintained thatlevel , while phosphorus in the standing forage decreased from July to October , eventually containing less than windrow forage .Both hemicellulose and the neutral detergent fiber ratio ( NDF/ADF) remained higher in the windrow ( at a consistent level )than in the standing forage which decreased over time . There were no differences for NDF , nitrate‐nitrogen , manganese , andsodium between windrow and standing forages . Potassium , sulfur , zinc , iron and copper contents were generally higher in thewindrow forage .
Conclusions Cutting and windrowing Great Basin wildrye can be an affective management tool for improving the nutritional
quality of a grass species that is often underappreciated as a forage source . Cutting the wildrye above the meristematic growingpoints avoids problems often associated with spring and summer grazing , while preserving forage quality for several months . Atthe end of the assessment period , the stockpiled forage was equal to that of standing forage in energy content ( ADF) and higherin crude protein . Following this procedure will allow livestock producers to feed June quality forage during fall and earlywinter , long after the standing forage quality declines .

Figure 1 Change in A DF content over time .
　

Figure 2 Change in crude p rotein content over time .

ReferencesBuckmaster , D . １９９２ . Indoor hay storage : dry matter loss and quality changes . Agriculture and Biological Engineering Dept .Penn State Univ . PM‐１０２ .Strohbehn , D . Loy , D . Morrical , J . Russell and R . Driskill . ２００４ . A summary of monthly nutrient values for stockpiledforages in Iowa State University research studies . Iowa State University Animal Industry Report , A .S . Leaflet R１８８６ .
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Fertilisation strategies for sown organic pasture in the Mediterranean mountains of north‐east
Portugal
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Introduction The leptosols are dominant soils in the North‐east of Portugal , and are occupied mainly with forest , shrubs , cerealand fallow . The restricted and dispersed areas of pasture and fodder crops limit the sustainability of bovine and ovine meat
production in organic farming . To achieve this goal in future , the conversion of some of these areas to long‐term legume‐richpastures is essential . This experiment was developed to study the viability of these kinds of crops in organic farming systems onthese soils .
Materials and methods The experiment has been carried out since autumn ２００３ near Bragan a ( NE Portugal‐４１°５０′ N , ６°３５′Wand ８６０ m asl) in a leptosol with ２４ g kg‐１ organic matter ( OM ) content ,４ .５ pH( H２O) ,４２ mg kg‐１ P２O５ and ８１ mg kg‐１K２O .It comprised the comparison of six fertiliser treatments ( F) within two types of pasture ( PA ) , spontaneous vegetation ( SV )and sown pasture ( SP) . The fertiliser treatments included different combinations of bovine farmyard manure [ ( M )‐３０ t ha‐１ ] ,lime [ ( Ca) １ .５ t ha‐１ of lime] , phosphorous [ ( P) １００ kg ha‐１ of P２O５ ] , boron [ ( B) １ kg ha‐１ ] and the control with no fertiliser( C) . The treatments were : ( i) C ; ( ii) Ca ; ( iii) M ; ( iv ) Ca ＋ P ; ( v ) Ca ＋ P ＋ Bo ; ( vi) M ＋ Ca ＋ P ＋ Bo . The SP seed rate was
１８ kg ha‐１ in the following proportion of functional groups : ９ annual legumes (５０ ％ ) ; ２ perennial legumes ( ５ ％ ) ; ４ grasses(４１ ％ ) ; and chicory (４ ％ ) . It was conducted as a two factor nested design , fertilisation treatments within pasture type , withthree random replicates ( exclosure cages of １ m２ ) per subplot . The vegetation was subjected to the usual grazing in the farm ,and the dry matter (DM ) yield samples were obtained each year at the end of spring and autumn , inside the exclosure cages ona ０ .５ × ０ .５ m quadrat . The data for DM yield excluded a reseeding fallow period from autumn ２００５ to spring ２００６ and seasonal
yields ( SY) were analysed as repeated measures .

　 　 　 Figure 1 Dry matter y ields in sp ring and autumn f or the １２ f ertiliser
and pasture ty pe treatments .

Results and discussion There weresignificant effects for the F ( PA ) xSY interaction ( p ＜ ０ .０００１ ) on DMyields , for the effect of F ( PA ) onDM yields , on spring and autumnDM yield differences and onindividual DM yields ( p ＜ ０畅０１ ) .T reatment means for each season and
year ( Fig １ ) showed the followingresults : a ) treatments with manurewere always the highest yielding
group ;b ) the SV control treatmentyielded significantly less than thefour manure treatments in spring
２００４ and ２００７ , less than the SP M ＋Ca ＋ P ＋ Bo treatment in spring ２００５ , less than the SP M and SV M in autumn ２００４ and less than the SP M ＋ Ca ＋ P ＋ Bo andSV M ＋ Ca ＋ P ＋ Bo treatments in autumn ２００６ ; and c) only the SP Ca and SP Ca ＋ P treatments had similar yields to themanure treatments in spring ２００７ . The high values of legume proportion in these last two treatments in spring ２００７ (５４ and ６１
％ DM respectively ) may explain the importance of natural reseeding of annual legumes in these treatments . Rinehart ( ２００６ )advises manure use in pasture establishment and Jagtap and Abamu (２００３) also verified yield improvement of maize under cattlemanure application in the absence of N fertiliser .
Conclusions Manure demonstrated itself to be the most valuable fertilisation strategy for pasture yield in these low fertility soilsand climate conditions , Liming may boost the reseeding of annual legumes and have also a significant effect on dry matter
production ? in the medium term .
ReferencesRinehart , L . , ２００６ . Pasture , rangeland and grazing management . ATTRA National Sustainable Agriculture InformationService . Paul Driscoll edition , NCTA , USA , ２０ pp .Jagtat , S .S . , Abamu , F . J . , ２００３ . Matching improved maize production technologies to the resource base of farmers in amoist savana . Agricultural Systems ７６ , １０６７‐１０８４ .
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Establishment and growth of legumes in acid soils in the Falkland Islands
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Introduction The main problems with sheep production in the Falkland Islands ( FI) are mainly a function of the low quality ofnative pasture and are ; ( a) low ewe live weights reduce ovulation rate and subsequent ewe and lamb survival , ( b ) lifetime
performance of lambs ( low lambing percentage‐６０％ , high percentage mortality‐１０‐２０％ and low lamb birth weights x kg‐) ,( c) significant ewe live weight loss through winter and early spring , ( d) Hogget live weight loss during winter and early springincreases death rates and productivity of those that survive . Forage crops can help improve this situation as they have betterquality and , in some cases , quantity of production than native grasslands . Legumes are a good source of feed as they have highprotein content , better yield in mixtures and fix Nitrogen . Also FI soils have a low pH , low Ca & P , synthetic fertilizer isexpensive and is not compatible with organic production systems . One alternative is to use locally‐found Calcified Seaweed ( CS‐an acceptable organic material to raise the pH , Ca & other minerals) . The overall aim of this work is to investigate the effectof acid soils on legume establishment , grow th and nitrogen fixation in the FI .
Materials and methods Two groups of experiments were conducted ,
１ . In a controlled environment at Queen摧s University Belfast , a . In an experiment in pots , the effect of different doses ofCalcified Seaweed ( CS ) on grow th of legumes ( T ri f olium repens var . Gwenda , Lotus Corniculatus var . Leo and Lotus
Uliginosus var . Maku) was investigated , b . In soil incubations with different doses of CS and different particle size distribution
( ＜ ０ .２５ mm and ＞ ２ .４ mm) at two different temperatures (１１ ℃ × ７５ days and ６０ ℃ × ４ days) and lime as a control .
２ . Field experiments in the FI , at Bold Cove , Hope Cottage , Saladero and Shallow Harbour . At each farm grazing exclusioncages were used in established reseeds to measure the yield , chemical composition and nitrogen fixation of the legumes duringthe growing season ( October‐February ) . Data collected was used to measure how much nitrogen is being fixed using
１５ Nitrogen‐isotopic techniques . The soil １５ N‐enrichment to measure N２ fixation , have been extensively reviewed ( Ledgard andPeoples , １９８８ ; Witty et al . , １９８８) .
Results and discussion T ri f olium repens‐based swards fixed ６０ ; ６３ ; ６５ ; and ６７ kg N / ha , with a range between ３１‐９５ kg N / hadepending on the site during season １ . At the three lowest doses of CS , Al and pHw were unaffected by particle size , howeverat the two higher doses of CS Al was reduced , at the higher dose only pHw increased with increasing particle size in anincubation experiment (６０ ℃ ) . For pH in water the difference between doses of ０ g / kg and ６ .４ g / kg is ０ .４７ points ( ＜ ０ .２５mm) and ０ .１１ points ( ＞ ２ .４ mm) in comparison to a control value of ０ .６７ . From these results , it would be best to mill theCS to improve the pHw and decrease the exchangeable Aluminium ( Al) .
Table 1 Statistic di f f erences between treatments to Ca (meq /１００ g) , A l (meq /１００g) exchangeable and p H in water .

Doses ofCS g / kg
( tonnes/ ha)

Control Particle size distribution
Lime ＜ ０ 垐.２５ mm ＞ ２  .４ mm

Ca Al pHwater Ca Al pHwater Ca Al pHwater
０ (０) １ 厖.０２d ８ g.０１a ４ I.４１d １ +.０２e ８  .０１a ４ 镲.４１c １ 蜒.０２d ８ 吵.０１a ４ 晻.４１b

０ 9.８ (０ .６３) １ 厖.４２dc ７ g.３４b ４ I.４８d １ +.５７d ７  .６９ab ４ 镲.４３c １ 蜒.６３c ７ 吵.６１ab ４ 晻.４５ab
１ 9.６ (１ .２６) １ 厖.８９c ６ g.６２cB ４ I.６１cB ２ +.１６c ６  .８７bA ４ 镲.５３bAB １ 蜒.９２c ７ 吵.２４bA ４ 晻.４８abA
３ 9.２ (２ .５２) ２ 厖.７３bA ５ g.１６dC ４ I.７７bB ３ +.５０bB ５  .９５cB ４ 镲.６２bAB ２ 蜒.６８bA ６ 吵.７３bA ４ 晻.５３aA
６ 9.４ (５ .００) ４ 厖.６５aA ２ g.７７eC ５ I.０８aC ６ +.２１aB ３  .９４dB ４ 镲.８８aB ６ 蜒.０４aB ６ 吵.２６bA ４ 晻.５２aA

Values with different lower cases in the column are statistically different for doses . Different upper cases in the row are statistically different for particle sizes .
Conclusion It can be concluded from the first years摧 data that doses of calcified seaweed and particle sizes significantly affectedthe release of nutrients from incubated soils . Finer CS material had a better reaction with the soil and released nutrients fasterthan coarse CS . Nitrogen fixation rates in the Falkland Islands range from ３１‐９５ kg N / ha .
ReferenceLedgard , S .F . and Peoples , M .B . , １９８８ . Measurement of nitrogen fixation in the field . In Wilson , J .R . Advances innitrogen cycling in agricultural ecosystems . CAB International . Wallingford , Oxon . United Kingdom . ３５１‐３６７ .Witty , J .F . , Rennie , R .J . and Atkins , C .A . , １９８８ . １５N addition methods for assessing N２ fixation under field conditions .

In : Summerfield , R .J . , World crops : cool season food legumes . Dordrecht , Netherlands . Kluwer Academic Publishers .
７１６‐７３０ .
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Introduction Soil quality is assessed in terms of the ability of soil to perform those soil functions that are necessary to meet thegoals of the particular land use ( Karlen et al . , ２００１ ) . For rangelands , these goals include plant grow th and communitycomposition to support grazing animals . Our main objectives for this research were : １ ) Demonstrating a technique for scoringpredictive indicators of soil quality proposed by Rezaei (２００３) for two data sets ( Table１) ; and ２) Designing predictive modelsfor the relationships between soil properties and plant grow th characteristics . With regard to key indicators , total nitrogen ,exchangeable potassium , and nutrient cycling index imply nutrient availability for plant grow th ; topsoil and effective soil depthdenote both water availability and nutrient resources ; water retention capacity indicates available water , grade of structure , andthe slake test ( aggregate stability) shows soil resistance to erosion .
Methodology Samples were taken from a total of ２３４ transects within stratified land units in Alborz Mountain , Iran . For soilchemical analyses samples were collected from (０‐１０cm) and for soil physical characteristics a pit was dug to １５０ cm ( or less ifbedrock was encountered) at the mid point of each transect . We used the current year production of above ground biomass as anindicator of the productivity of the soil‐landscape system .
An integrated soil quality assessment procedure was derived from methods developed by Mausbach & Seybold ( １９９８ ) , andAndrews et al . ,(２００２ ) . The method for scoring the components of the data sets and construction of the Soil Quality Index( SQI) for native rangelands aimed to detect the criterions that maximize production and environmental performance . Observedindicator values were transformed to unitless ０ to １ values , with １ given for the maximum potential and the optimumperformance of the associated soil function( s) for a particular indicator . Principal Components Analysis ( PCA) was performedfor each data set . The PCA decomposition properties , indicator loading factors and the ％ of variability explained by eacheigenvector ( λi ) , were combined and used as weighting factors for the scored indicators .

　 　 Figure 1 Relationships between
assigned soil quality indices and
measured v alues o f total y ield
f or MDSs １ & ２ .

Results and discussion The first three principal components ( PCs ) , were retained ashaving latent roots ＞ １０％ for Data Set １ . In order to approximate the proportion ofeach variable , xi , the individual percent variance explained by each PC was firstdivided by the cumulative variance for the first three retained PCs to provide weighingfactors for each PC ( fi ) for the components of the data sets １ & ２ . Next , the size ofthe elements ( λ１i , λ２i ,λ３i , λ４i ,爥) was multiplied by the corresponding weighingfactor ( fi ) . Finally , the corresponding products for each variable were added togetherto produce the additive approximate contribution for each variable ( vector ofvariables) . The soil quality index for Land Units was calculated for rangelands using
Equation １ : SQI ＝ ∑ ρi × Si (１) Where ρi is a weighing factor for each indicator that
is derived from a PCA for the ascribed indicators and Si is the score for each indicatorbased on bivariate relationships between soil properties and plant grow thcharacteristics .
The percentage of variance explained by the regression of SQIs with plant yieldproduced R２ values of ０ .７５ and ０ .７７ for total yield ( TY ) for Data sets １ & ２ ,respectively ( Figure １ ) . The results of this research imply that for soil qualityassessment and monitoring purposes , the use of inherent properties such as effectiveprofile depth and water retention capacity together with dynamic indicators such asnutrient cycling index and slake test gives a better understanding of the system . Thesmall but consistently higher correlations between yield and SQI using Data set ２indicators rather than Data set １ , suggests that Data set ２ may be more suitable forrangeland assessment in this semi‐arid system . This priority for Data set ２ was driven by the nutrient cycling index .
Table 1 Proposed minimum data sets f or calculating Soil Quality Index ( SQI ) .
Soil functions Minimum Data Set １ ゥMinimum Data Set ２ ⅱ
Fertility Total nitrogen ％ ( N％ ) Exchangeable potassium ( K)

Nutrient cycling index ( from LFA)
Water retention First layer thickness ( FLT ) Water retention capacity at wilting point (WP)
capacity Soil profile effective thickness ( PET ) Soil profile effective thickness ( PET )
Stability Grade of pedality ( GP) Slake test ( ST )
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Response of an improved pasture to different phosphoric fertilisation strategies in basaltic soils
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Introduction Phosphoric fertilisation and broadcast seeding of a legume is a valuable technology to improve native pastures .Phosphorus ( P) represents the main input cost for these pastures , with a large impact on their productivity . The objective ofthis trial was to evaluate sources and levels of P fertiliser on such pastures .
Materials and methods The trial was conducted on a medium to deep basaltic soil ( Molisol) , at Glencoe Experimental Farm in atemperate to subtropical climate . The main properties of the selected soil , from ０‐１０ cm depth were : pH ( water) : ５ .７ , organiccarbon : ４５ .３ g / kg and available P ( citric acid) : ３ .８ mg / kg . The native canopy was sprayed ( glyphosate) , and white clover( T ri f olium repens ) cv . Zapic n was broadcast seeded . A factorial arrangement of ３ P fertilisers ( superphosphate , SP , ２３％ P２O５ ；Gafsa phosphate rock , GPR , ２８％ P２O５ ; Hyperfos , a mixture of superphosphate and rock phosphate , Hy , ２７％ P２ O５ )and ４ initial levels ( ０ , ４０ , ８０ , １６０ kg P２ O５ / ha) with ４ replications in a split plot design was used . At the beginning of thesecond year , split plot received ２ levels (０ , ４０ kg P２O５ / ha) of an annual application of each source for every initial dose . Themain evaluation consisted of botanical composition ( BC ) and forage dry matter ( DM ) measurements from harvests with anexperimental rotary mower . The plots were cut every time pasture reached １８‐２０ cm , leaving a stubble residue of ４‐５cm .Analysis of variance was performed on data recorded and adjusted regression equations were developed for legume production tothe initial treatments . Relative efficiencies ( RE) with reference to superphosphate , were estimated using significant regressionequations .
Results and discussion Average cumulative white clover forage yield during the ４ year period , for the ３ P fertilisers , variedbetween ３６１７ and １３８９８ kg DM / ha depending on initial dose , without any annual P application . This represents a legumeincrease of ５８ kg DM / kg P２O５ . On average , RE was １３４ for GPR and １２２ for Hy , relative to SP ( １００ ) . In the refertilisedsituation ( initial plus annual applications of ４０ kg P２ O５ / ha ) , legume forage yields during the ４ year period , for the ３ Pfertilisers averaged , varied between １３８４２ and ２４９９０ kg DM /ha depending on initial dose . This represents a white cloverincrease of ６７ kg DM /kg P２O５ . The average RE , was １３５ for GPR and １６７ for Hy , relative to SP (１００) . When only the effectof the annual applications was considered , ８７ .３ kg DM / kg P２ O５ were produced on average . Even though the soil considereddoes not offer optimal pH conditions for the use of GPR and Hy , it is possible that differences among plants in their ability toutilize P from such sources explain the response , in agreement with Khasawneh and Doll ( １９７８ ) . White clover would have ahigher capacity of rhizosphere acidification and calcium and P absorption . Previous national results show a similar behavior ofwhite clover in other soils , when GPR is utilized ( Mor n , ２００２ ; Risso y Mor n , ２００２) .
Conclusion There was a significant effect of the initial P doses and of the annual refertilisation in the legume yield . GPR and Hyfertilisers were significantly more efficient compared to SP , for both the initial fertilisation and the refertilisations . Such RE ,combined with responses higher than ５０ kg DM /kg P２O５ , present important practical connotations .
ReferencesKhasawneh , F .E . ; Doll , E .C . １９７８ . The use of phosphate rock for direct application to soils . A dvances in A gronomy , ３０ :

１５９‐２０６ .Morón ,A . ２００２ . Posibles usos de fosforitas para mejoramientos de pasturas en zonas ganaderas tradicionales en Uruguay .
IN IA Serie Técnica １２９ . p . ９７‐１１４ .Risso ,D .F . ;Morón ,A . ,Zarza ,A . ２００２ . Fuentes y niveles de fósforo para mejoramiento de campos en la región deCristalino . IN IA Serie Técnica １２９ , p . １１５‐１５１ .
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Introduction １５ N‐tracer techniques cannot be used accurately in the field to quantify N mobilisation due to problems of equallyand uniformly labelling all the different soil N pools with １５N . In remaining tissues of grasses following defoliation , protein isdegraded to amino acids through the action of protease enzymes ; the amino acids being subsequently transported to leafmeristems to support grow th . Potentially therefore , amino acids concentrations could be used as a surrogate for N mobilisationdetermination in the field . A greenhouse experiment involving １５ N techniques was used to test the hypothesis that , followingdefoliation of P . max imum , a correlation exists between the N mobilised from leaves and the amino acids concentration of thesetissues .
Material and methods P . max imum �Tanzania�plants were cultivated in pots filled with fine sand . The position of the pots inthe greenhouse was randomised in replicate blocks . Plants were cut to ３０ cm ３３ days after seeding . Three replicate pots wereharvested immediately after cutting ( day zero ) and １ , ２ , ３ , ５ , ７ , １４ and ２１ days thereafter . Concurrent with the first harvest ,all nutrient solution was washed from the remaining pots that were than watered with a nutrient solution enriched with １５ N . Atharvest ,�young leaves" ( two youngest expanded leaves at the time of the first harvest ) were separated and weighted . Totalfree amino acids content was determined following reaction with ninidrine and OPA derivatives amino acid were detected asdescribed by Jarret et al . ( １９８６ ) . The total N and １５N concentrations were determined using a continuous flow massspectrometer . The difference between the total and labelled nitrogen content ( unlabelled nitrogen ) was assumed to be thenitrogen present within the plants at the time of the first harvest .
Results and discussion Unlabelled N content of young leaves decreased from １ .５３ ± ０ .０６ to ０ .６１ ± ０ .０１ on the first seven daysafter defoliation and unlabelled N mobilisation rate was highest just af ter defoliation ( decrease of ０ ,５１ mg/ plant of unlabelled Nbetween day zero and day １) . There was also an increase of amino acids concentration in young leaves of Tanzania" just afterdefoliation , which was higher two days after defoliation (２００ .８ nmol/mL ; Figure １) . The increase of the amino acids contentat the same time as unlabelled N mobilisation increases may be related to protein degradation through the action of proteaseenzymes and subsequent transport of amino acids to meristems to support grow th . Aspartic acid , glutamic acid , asparagine ,
glutamine , glicine , threonine , tyrosine and leucine ＋ isoleucine represented more than ９０％ of free amino acids in young leavesof Tanzania . Although the most important �transportable" amino acids ( aspartic acid , glutamic acid , asparagine andglutamine) represented around ５０％ of free amino acids , its concentration did not follow any pattern throughout harvests .

Figure 1 Free amino acids concentration ( nmol /mL ) on young leaves o fP . maximum .Means o f three rep licates ± s .e .

Conclusion There is a correlation between free amino acids content and N mobilisation on�young leaves" of P . max imum afterdefoliation .
ReferenceJarret , H .W . ; Coosky , K .D . ; Wllis , T . et al . , １９８６ . The separation of o‐phthalaldehyde derivatives of amino acids byreverse‐phase chromatography on octylsilica column . A naly tical Biochemistry , １５３ , １８９‐１９８ .
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Does pre‐existing vegetation make a difference for re‐establishing native shrubs ?
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Introduction There exists within the Canadian prairies large areas seeded to monocultures of introduced grass species .Introduced species cover large areas of land in North America . Smooth brome grass ( Bromus inermis ) is one of the moreplentiful . Chosen for agronomic reasons but is also known for its invasive potential for surrounding native grassland . This grassas a monoculture is susceptible to many of the shortcomings found with monocultures such as increased sensitivity toenvironmental events , low diversity in structure and species ( fauna and flora) , and lower long term productivity . There existsa need to increase diversity by replacing and/ or re‐establishing native species to increase biodiversity both from an ecologicalperspective as well as sustainability perspective . This work has set out to determine the differences which occur betweenalluvial soils beneath stands dominated by smooth brome , native grass ( dominated by A gropy ron ssp .) and buffalo berry( Sheperdia argentea) for establishment of two native shrubs ; silver sage ( A rtemisia cana) and buffalo berry .
Materials and methods Topsoil was harvested from under stands of smooth brome ( Br) , native prairie ( N ) and buffalo berry
(Bb) . The soil was air‐dried , large root fragments were removed , and then the soil was placed in １ litre cardboard milkcartons . Seedlings of buffalo berry and silver sage were placed within individual cartons using a ２ by ３ factorial randomcomplete block design with １０ replicates . Growing conditions within the greenhouse were : constant temperature of ２１ ℃ with
１２ hr of light . One centimeter of sand was placed on surface of the soils to eliminate the possibility of cross contamination fromwind‐blown or water‐splashed soil among cartons . Water was applied daily . Soil microbial populations were characterized using
phospholipid fatty acid analysis ( PLFA) before and after plants were grown . Prior to germination seeds were surface sterilized .Plants were grown in cartons for a period of ４ months . Both above‐and below‐ground biomass data are presented and PLFAresults . ANOVA for statistical analysis of biomass and discriminant analysis for PLFA results were done . A correlation matrixwas calculated for plant variables and relative PLFA changes .
Results and discussion Buffalo berry seedlings initially showed a response to the Bb soil but final shoot biomass was not different
( P ＞ ０ .０５) w ith a mean of ２ .９ g for all soil types . Root biomass did differ ( P ＜ ０ .０５) with Bb soil having a root biomass of １ .
１ g while Br and N both had ０ .８ g . Under buffalo berry most of the discrimination is explained by PLFA iso c１７ :０ ＋ c１７ andc１５ :０ . Also the changes occurring in c１５ :０ and c１６ :０ are important in distinguishing among soils . These phospholipids areabundant in bacteria of the genus Frankia , associated with the nitrogen fixing shrub buffalo berry . Sage seedlings differed inshoot biomass in all soil types ( P ＜ ０ .０５) : Bb １ .６g , Br １ .１ g and N ０ .８ g . Sage root biomass was greatest ( P ＜ ０ .０５) in Bb
１ .２ g while Br had ０ .６ g which did not differ from ０ .４ g obtained from N . The correlation matrix among plant variables andrelative PLFA changes indicate that c１５ :０ was the most influential PLFA signature in the soil . Plant biomass was negativelycorrelated with c１５ :０ concentration across all soils . Bb soil contained the highest initial concentration of this marker suggestingthat sage grow th in this soil may have benefited from the presence of the nitrogen fixing bacteria associated with buffalo berry
plants . Bb soil resulted in both shrub species having an initially greater ( P ＜ ０ .０５) grow th rate .
Conclusions Our results indicate what covers the soil originally has an effect in grow th potential of re‐established species . Thisdifference is attributed to differences in soil microbial populations . The symbiotic relationship between Frankia and buffaloberry negated any advantage of soil type for this shrub摧s shoot biomass but a potentially higher initial concentration in Bb wouldappear to have benefited root grow th . Response of species to soil type in this work was species specific .
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Effect of Azospirillum on fodder production in the semi‐arid region of South India
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Introduction Productivity of the tropical and subtropical grazing lands is generally very low . Chemical fertilizers are expensiveand ecologically not desirable . Greater emphasis is now laid on the application of biofertilizers to increase the fodder production .Nitrogen fixing bacteria have the potential to reduce nitrogen fertilizer requirements in many agricultural areas . Yield increaseafter inoculation with Azospirillum have been recorded in many places throughout the world . A zosp irillum lipo f eruminoculation showed higher green forage yield than A zosp irillum brasilense . In the present investigation A zosp irillum
lipo f erum strain ( ICM １００１) was used to increase the productivity of five fodder grasses .
Materials and methods The culture of Azospirillum lipoferum ICM １００１ was obtained from ICRISAT , Hydrabad , India . Rootinoculation was done by immersing fodder grass tillers in the bacterial strains of semi liquid inoculums for １２ hours , later thetillers were transplanted to the field . Furrow irrigation was adapted for the application of water at every third day . Plants wereharvested af ter ３ months and samples were dried at ８００ ℃ for ２２ hours until constant weight was reached .
Results and discussion Table １ Shows that Bajra‐Napier BN３ attains the greatest maximum plant height peak when inoculatedwith the strain Azospirillum lipoferum １００１ . This increased the tiller number also . Compared with the controls , biomass
production was higher in Azospirillum inoculated clones . It effectively increased the above ground biomass production morethan the below ground production . Increasing rate of plant grow th and forage yield has been obtained in Azospirillum inoculatedfodder grasses . Similar findings were also observed by Jawahar and Suresh ( ２００７ ) , and Saikia and Jain ( ２００７ ) . Bajra NapierBN２ variety with Azospirillum lipoferum １００１ inoculation showed higher biomass production . It is a suitable fodder species forthe subtropical regions of South India .
Table 1 E f f ect o f A . lipo f erum inoculation on biomass p roduction o f f odder grasses .

Height cm No . oftillers Shoot biomass
g / plant

Root biomass
g / plant

Total biomass
g / plant

Brocharia mutica Control １２０ ゥ１４ 靠６７  .２ １２ 忖.９６ ８０ 技.１６
AL １００１ .１４９ ゥ１６ 靠７１  .４ １８ 忖.５２ ８９ 技.９２

Bajara‐Napier BN２ ZControl ２０９ ゥ５ 憫３０２ 5.０６ １２３  .１２ ４２５ 觋.２０
AL １００１ .２８２ ゥ６ 憫４５９ 5.３２ １６４  .７６ ６２４ 觋.０６

Bajara‐Napier CO１ ZControl １５３ ゥ６ 憫２４２ 5.５６ ８２ 忖.８０ ３２５ 觋.３６
AL １００１ .２０１ ゥ８ 憫３３６ 5.５２ １１１  .９６ ４４６ 觋.４８

Panicum maximum Control １７２ ゥ１２ 靠１２０ 5.９６ ２６ 忖.９２ １４７ 觋.６８
( Hamil grass) AL １００１ .２２２ ゥ２１ 靠１５６ 5.８０ ２９ 忖.４８ １８６ 觋.２４
Panicum maximum Control １５２ ゥ１２ 靠１０３ 5.２０ １９ 忖.１６ １２２ 觋.３６
( guinea grass) AL １００１ .２０６ ゥ１６ 靠１４０ 5.３１ ２７ 忖.４３ １６７ 觋.７４
ReferencesJawahar , D . , Suresh , S . , ２００７ . Effect of biofertilizer and enriched FYM in the yield of cotton under dry farming in vertisol .Adv . Plant Sci . ２０(１１) : ４７３‐４７５ .Saikia , S .D . , Vanitha Jain , ２００７ . Biological nitrogen fixation with non legumes . An achievable target or a dogma . Current
Science ２２ (３) : ３１７‐３２２ .
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Patterns in tropical grass silicification : response to substrate fertilization
K indomihou V alentin1 , Meerts Pierre 2 , Sinsin Brice1

1 L aboratory o f A p p lied Ecology , Faculty o f A gronomic Sciences , A bomey Calav i University , Benin ; 05 BP 325 Cotonou ; 2

L aboratory o f Plant Genetic and Ecology , Universit L ibre de Bruxelles . E‐mail :vkindomihou＠ yahoo .f r

Key words :Urea , phosphorous fertilizer , grass silicification , tropical
Introduction Silica is accumulated mostly in grasses . The effect of soil properties has not been much documented . Proportionsof silica in plants decreased on raising the soil pH and concentration in soil decrease with higher value of pH ( Jones &Handreck １９６５) . There is a quantitative relationship between silica concentration in the soil solution and the amount taken upby plants . We explore the hypothesis that soil fertility ( N‐P‐K ) influences leaf silicification of tropical fodder grass species .The response of plant silica concentration to substrate fertilization in ５ grass species was examined , as well as silicarelationships with leaf structural parameters tightly correlated with leaf functioning .
Materials and methods The experimental garden of the Faculty of Agronomic Sciences of Abomey‐Calavi University in Beninbelongs to a subequatorial climate with ２ dry seasons : mid‐July to mid‐September , and mid‐November to mid‐March .Precipitation averaged １１９７ mm in ２００２ with ２７８ mm from January to May , the experimental period . Plots were well watered .Soil is sandy loam , acid , with a fragile structure , poor in exchangeable bases , phosphorus , but with appreciable sodiumconcentration ; N standard level of the experimental site was ０ .０８％ N , and C/N mass ratio is １０畅６ . Five tropical fodder grassspecies were studied : A ndropogon gayanus var . Bisquamulatus ( Hochst .) Hack . , H yparrhenia smithiana ( Nees ex Steud)Clayton , Panicum max imum var . C１ , Panicum max imum Jacq and Pennisetum purpureum Schumach . Clumps from variousclimatic areas were established on ２５th September ２００２ in plots at Abomey‐Calavi . Eight tillers per clump were planted in each
plot sized ４ m × ６ m . Design was ２ treatments × ５ species × ５ replicates . Nutrients were initiated ３０ days after transplantation ,on ２８th October ２００２ . １００ g of CaH４ ( PO４ ) ２ ５６％ P２ O５ and １００ g of Urea ４６％ N , were directly applied per m in form ofgranules around each treated clump and tap watered at １ L per clump per day . Plants were harvested in April ２００３ . Tenstandardized leaf blades , bulks of sheaths and blades were sampled . Leaves were washed and stored . Bulk sheaths and bladesand ４０ samples of １０ blades were harvested . SLA was estimated from leaf fragments . Samples were oven dried at ６５ ℃ for ４８ hfor dry matter DM was calculated and relative water content ( RWC ) as ％ RWC ＝ １００ × ( １ DM / FM ) . Silica ( SiO２ ) andsoluble ashes ( SA ) concentrations were analyzed in bulk samples . Silica was analyzed gravimetrically by dry ashing , andweighted and SA calculated as ( total ashes silica) . ODM ＝ DM‐SiO２ （１） ；SA ＝ １００ × ( TA‐SiO２ ) /ODM ( ２ ) ; ％ SiO２ ＝ １００ ×SiO２ /ODM (３) ; DM ＝ dry matter , ODM ＝ Organic Dry Matter ; TA ＝ Total Ashes . ８０ bulk samples of blades and sheathswere analyzed for silica and soluble ashes concentrations . Statistical analyses were performed using STATISTICA ６ .０ .ANOVA was performed with species and fertilization . Relationships between silica and SA , RWC and SLA were assessed usingPearson correlation coefficients .
Results Dry mass production ranged from ４３０ to １２００ gm‐２ , depending on treatments and species . Variations were significantwith the highest values in A ndropogon gayanus var . Bisquamulatus ( AGB) ( ＞ １２００ gm‐２ ) and the lowest in Pennisetum
purpureum ( ＜ ４５０ gm‐２ ) . The highest production belongs to fertilized treatments . Substrate fertilization was significant onthe plant SiO２ concentration . Values were higher in blades compared to sheaths except for Hyparrhenia smithiana were thereverse was true . Mean values ranged from ２ .１３％ to ４ .８３％ of DM in blades and １ .５１％ to ４ .２０％ in sheaths , depending onspecies and treatments . The effect of fertilization varied depending on species ( P ＜ ０ .００１ ) . SiO２ in blades generally decreasedexcept Panicum maximum Jacq ( PMJ) . SiO２ in sheaths consistently decreased . SiO２ decreased both in blades and sheaths for
P . purpureum ( PP) , H . smithiana ( HSm) and AGB . Magnitude ranged from ２９％ to ５４％ in blades , and from １７％ to ５９％in sheaths depending of species . The impact of fertilization was not significant for Panicum accessions . Comparing １０observations ( i .e . blades ＋ sheaths) , SiO２ concentration decreased in the fertilized treatments in ９ cases and significantly so in
６ cases . RWC , SA and SLA were significantly affected . This indicates a rather specific pattern of variation of leaf traits inresponse to fertilization depending on species . The response of other traits was more complex compared to SiO２ . SiO２
positively correlated with SA in blades , so with RWC in control treatment but negatively in the fertilized . Plant silica generallydecreased with substrate fertilization consistently with previous results on Bouteloua gracilis ( Pieper et al . １９７４ ) . This might be aconsequence of enhanced biomass production , i .e . dilution effect (Griffin et al . , ２００２) .
ReferencesGriffin T , Giberson E , Wiedenhoeft M . ２００２ . Yield response of long‐term mixed grassland swards and nutrient cycling underdifferent nutrient sources and management regimes . Grass and Forage Science ５７ , ２６８‐２７８ .Jones LHP , Handreck KA . １９６５ . Studies of Silica in the Oat Plant . III . Uptake of silica from soil by the plant . Plant and

Soil １８ , ７９‐９６ .Pieper RD , Kelsey RJ , Nelson AB . １９７４ . Nutritive quality of nitrogen fertilized and unfertilized Blue Grama . J . o f Range
Management ２７ , ４７０‐４７２ .
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The impact of different grassland land‐uses on earthworm populations in a New Zealand fragi‐
pallic soil
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Introduction In the North Otago region of New Zealand摧s South Island , the first stage of a new irrigation scheme has recentlybeen completed allowing land use to change from dryland sheep farming ( １０ stock units/ ha) to more intensive irrigated dairyfarming ( ＞ ２０ s .u ./ ha) . The implications for the pasture and soil resources of this region ( pallic soils characterised by weakstructure and a compact fragipan subsoil horizon ) are largely unknown . Reported here are the impacts of different land‐usetreatments on earthworm populations .
Methods Factorial combinations of harvest method ( cattle grazing , sheep grazing , mowing and pasture fallow ) , pasture species
[ perennial ryegrass ( R) and tall fescue ( F) ] and irrigation ( with and without ) treatments were applied to ２４ paddock pairs .Enough nitrogen ( N ) was applied ( in split applications) to one paddock of each pair so that N was not limiting pasture grow th( see White & Knight ２００７ for details) . In winter ２００６ and ２００７ , four to eight １０ cm wide × ２０ cm deep cores were taken fromeach paddock and all earthworms were found and counted .

　 　 　 　 Figure 1 Total earthworm number (million per ha) under
di f f erent land‐use treatments over two w inters .

Results Irrigation , harvest method , pasture speciesand nitrogen all affected earthworm numbers
( Figure １ ) . There were fewer worms under cattlegrazing compared to sheep grazing , mowing andfallow in ２００６ . In ２００７ , there were fewer wormsunder cattle grazing and mowing than fallow whichhad less worms than sheep grazing ( P ＜ ０ .００１ ) .Overall , there were ８０ and ７３％ more earthworms inirrigated soil compared to dryland soil in ２００６ and
２００７ , respectively ( P ＜ ０ . ００１ ) . However , theincrease in worms due to irrigation in ２００６ was
greater under sheep grazing and fallow than cattlegrazing and mowing ( P ＜ ０ .０１ ) . There were moreearthworms in ryegrass compared to fescue paddocksbut only when combined with fallow ( ２００６ and
２００７) and sheep grazing ( ２００７ only ) ( P ＜ ０畅０３ ) .Adding N had no effect on worm numbers in ２００６ .In ２００７ , there were fewer worms overall in plus‐N
paddocks but this effect was only significant whencombined with irrigation and cattle grazing ormowing ( P ＜ ０ .０５) .
Conclusions Irrigation increases whereas cattle
grazing generally decreases worm abundance . Thegreater number of earthworms in irrigated soilagrees with previous research and relates to their need for a moist well‐aerated environment ( Lee １９８５ ) . Pasture grazing /harvesting impacts on earthworm populations have received little research attention . Fewer earthworms under cattle grazingmay be related to greater soil bulk density , lower macroporosity and injury from trampling (Bruyn & Kingston １９９７) . Futureresearch will examine worm biomass and earthworm species abundance to help understand how land use change may affect the
potential beneficial processes performed by earthworms in soil .
Acknowledgement This research was made possible by the generous support of landowners Grant and Elle Ludemann . DavidBaird performed the statistical analysis and funding was provided by FRST .
ReferencesBruyn , L .A . & T .J . Kingston ( １９９７) . Effects of summer irrigation and trampling in dairy pastures on soil physical propertiesand earthworm number and species composition . A ustralian Journal o f A gricultural Research , ４８ , １０５９‐１０７９ .Lee , K .E . (１９８５) . Earthworms . Their ecology and relationships with soils and land use . Academic Press , Sydney .White , T .A . & T .L . Knight ( ２００７ ) . Pasture yield and composition under different land uses in North Otago RollingDownlands . Proceedings o f the New Zealand Grassland A ssociation , ６９ , in press .
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Intensive grazing leads to degradation and spatial homogenization of topsoils in two major steppe
types in Inner Mongolia , P .R . China
M . W iesmeier , M . S te f f ens , A . K迸lbl , I . K迸gel‐Knabner
Lehrstuhl f ür Bodenkunde , Technische Universit惫t München , 85350 Freising‐Weihenstephan , Germany
E‐mail : w iesmeier＠ w zw .tum .de
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Introduction Intensive land use and especially overgrazing in semi‐arid grasslands results in degradation of steppe vegetationassociated with changes in the amount , composition , and turnover of soil organic matter ( SOM ) . The concurrent degradationof soil structure and destruction of aggregation leads to enhanced soil erosion . The effect of intensive grazing on the amount andcomposition of SOM was assessed by comparison of grazed and ungrazed plots in Leymus chinensis and Stip a grandisdominated steppe types in Inner Mongolia , China .
Materials and methods The research was conducted at the Inner Mongolia Grassland Ecosystem Research Station ( IMGERS ,Chinese Academy of Sciences) in the Xilin River Basin ( Inner Mongolia) at an altitude of １２７０ m above sea level . The semiaridshortgrass steppe ecosystem is composed of Leymus chinensis and Stip a grandis dominated steppe types . Climate ischaracterised by a mean annual temperature of ０ .７ ℃ and precipitation of ３４３ mm with the highest values from June to August .Soils are classified as Calcic Chernozems derived from Aeolian sediments above acid volcanic rocks (WRB , ２００６ ) . Both Leymusand Stip a dominated sites were sampled at continuously grazed plots ( CG) and ungrazed plots ( UG７９) , which were fenced in
１９７９ . A t all sites regular , orthogonal grids with spacings of １５ m and ５ m were sampled at ０‐４ cm to elucidate the spatialstructure of topsoil parameters . Each sample was analysed for bulk density , texture , soil organic carbon ( SOC) content , totalN and S content , inorganic C , C / N , pH , and δ１３C .
Results Intensive grazing in both Leymus and Stip a dominated grasslands results in changes in the amount , composition , andturnover of SOM . All CG plots have significantly increased bulk densities and decreased SOC contents , total N and S contents .The Stip a dominated site tends to show higher bulk densities and lower SOC , total N and S contents at CG than the Leymusdominated site . Elemental stocks for SOC , total N and S are also lower on Stip a dominated sites . No significant differenceswere detected for pH values , C /N and δ

１３ C between CG and UG from Leymus and Stip a dominated sites . The spatialdistribution of the investigated topsoil parameters changes under intensive grazing at both major steppe types . Generally ,heterogeneity of bulk density , SOC content , total N and S concentrations and Ah thickness decreases under continuouslygrazing from a pure nugget or patchy to a homogenous distribution .
Conclusions The observed changes in the amount and composition of SOM under continuously grazed plots of both Leymus and
Stip a dominated sites can be attributed to the combined effect of animal trampling , reduced above‐and belowground organicmatter input , and erosion in consequence of grazing . These effects could lead to degradation of soil aggregation and release ofaggregate‐protected soil organic matter , associated with enhanced susceptibility to soil erosion . The results of Steffens et al .(２００７ ) confirm the assumption of declined soil aggregation , as they reported reduced microaggregation and reduced free andoccluded particulate organic matter contents at the same sites , which are the most sensititve indicators for topsoil organic mattereffects due to intensive grazing . The higher sensitivity of Stip a dominated sites to intensive grazing compared to Leymusdominated sites can explained by drier soil conditions associated with a lower degree of stabilisation of soil organic matter inmicroaggregates and organo‐mineral associations . Moreover , a reduced input of organic matter and a lower stage ofregeneration at Stipa dominated sites lead to lower elemental stocks and higher bulk densities . The increased heterogeneity atsites with grazing exclusion can be ascribed to vegetation recovery due to formation of �islands of fertility" , and deposition ofwindblown material in ungrazed plots ( Steffens et al . , accepted) .
Our results show a significant deterioration of topsoils at both major steppe types in consequence of intensive grazing and thebenefit of excluded grazing in securing the status quo of affected soil parameters .
ReferencesWRB ( IUSS Working Group WRB) , ２００６ . World reference base for soil resources ２００６ . World Soil Resources Reports No .

１０３ . Food and A griculture Organiz ation o f the United Nations , Rome .Steffens , M . , K lbl , A . , Totsche , K . U . , K gel‐Knabner , I . ,２００７ . Impact of heavy grazing on topsoils in a semiarid steppein Inner Mongolia ( P .R . China) . Geoderma , doi : １０ .１０１６ / j .geoderma .２００７ .０９ .００４ .Steffens , M . , K lbl , A . , Giese , K . M . , Hoffmann , C . , Totsche , K . U . , K gel‐Knabner , I . Spatial variability of topsoiland vegetation in a grazed steppe ecosystem . Journal o f Plant Nutrition and Soil Science , accepted .
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How do native and �improved" grasses affect above‐ground production and soil organic C ?
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Introduction Crested wheatgrass [ A gropy ron cristatum ( L .) Gaertn .] and Russian wildrye [ Psathy rostachys j uncea ( Fisch .)Nevski] are commonly used for reseeding in the more xeric Mixed Prairie because they are perceived to be more productive thannative species . However , crested wheatgrass has been implicated in soil deterioration ( Dormaar et al . , １９９５ ) while nativegrasses are being examined with increasing interest in Canada for their potential use in reclamation and forage production ( Kerret al . , １９９３) . The objectives of our study were to compare the above‐ground net primary production ( ANPP) and soil organicC among communities of selected native and introduced grasses and wheat , and to assess the benefits of simple mixtures .
Materials and methods A １０‐year study was initiated on Dark Brown Chernozemic ( Typic Haploboroll) soil near Lethbridge ,Alberta . Eleven treatments consisting of monocultures of introduced [ A gropy ron cristatum ( L .) Gaertn , Psathy rostachys
j uncea ( Fisch .) Nevski] and selected native species [ Bouteloua gracilis ( H .B .K .) Lag . Ex Steud . , Pascopy rum smithii
( Rydb .) A . L迸ve , Stipa v iridula T rin .] mixtures of native species , and wheat ( T riticum aestivum L .) were established in arandomized complete block design with four replications . ANPP was estimated over eight years ,and soils were sampled in thefinal year of the study . The vegetation was analyzed for N and the soils were analyzed for organic C . Light fraction wasdetermined by grinding soil (２ mm sieve) and using NaI floatation .
Table 1 A nnual net p rimary p roduction (A N PP) over 8 years (1997 to 2005) and soil organic C characteristics o f native and
introduced species to 60 cm dep th 10 years a f ter establishment .

ANPP Nitrogen Organic C
T reatment Origin Total Harvested Conc . Harvested Stablefraction Root ( ＞ ２mm dia) Lightfraction

( kg ha － １ ) ( mg g － １ ) ( kg ha － １ ) ( Mg ha － １ )
P . smithii (１) Native ３２２ Y１７８ g２０ ]５ &.２ ８８ y０ +.４４ ７ 妸.８
S . v iridula (２) Native ３７６ Y２７２ g２０ ]７ &.１ ８４ y０ +.４９ ６ 妸.９
B . gracilis (３) Native ３１３ Y１７７ g２０ ]４ &.６ ８７ y０ +.６６ ７ 妸.８
１ ＋ ２ (４) Native ３６２ Y２４０ g２１ ]７ &.５ ８４ y０ +.６０ ９ 妸.０
１ ＋ ３ (５) Native ３２０ Y１８３ g２２ ]６ &.３ ８５ y０ +.５８ ８ 妸.０
２ ＋ ３ (６) Native ３６８ Y２５７ g１９ ]６ &.８ ８１ y０ +.６４ ９ 妸.０
１ ＋ ２ ＋ ３ (７) Native ３５９ Y２２３ g２１ ]６ &.９ ８８ y０ +.７３ ９ 妸.８
P . j unceus (８) Introd . ３４２ Y２３８ g１８ ]５ &.２ ７９ y１ +.５１ １０ 　.１
A . cristatum (９) Introd . ３６３ Y２５７ g１５ ]６ &.１ ８３ y０ +.９７ ９ 妸.９
T . aestivum (１０) Introd . ２８７ Y２４４ g２１ ]６ &.５ ８４ y０ +.０４ ３ 妸.８
P : ０ 骀.０１ ０ 趑.０６ ０  .０１ ＜ ０ M.０１ ０  .１５ ＜ ０ i.０１ ＜ ０ 北.０１
Contrasts
１ － ３ vs ７ 鲻０ 骀.５７ ０ 趑.７２ ０  .６１ ０  .０４ ０  .５８ ０ +.０７ ＜ ０ 北.０１
１ － ３ vs ８ ,９ R０ 骀.６２ ０ 趑.２２ ＜ ０ ?.０１ ０  .９９ ０  .０２ ＜ ０ i.０１ ＜ ０ 北.０１
１ － ９ vs １０ $０ 骀.２８ ０ 趑.４１ ０  .２７ ０  .３７ ０  .９６ ＜ ０ i.０１ ＜ ０ 北.０１
Results and discussion Introduced grass species were not more productive than native species ( P ＞ ０ .０５) , and both had similar( P ＞ ０ .０５) effects on soil organic C ( Table １) . However , the introduced perennial grasses yielded greater organic C in lightfraction than monocultures of native species . T . aestivum had the least root or light fraction organic C , which contributed tomarginally less soil organic C ( Table １ ) . The light fraction is a highly labile component of soil organic matter and is derivedfrom the fine roots ( ＜ ２ mm) and partly decomposed large roots .
Conclusion There does not appear to be any distinction between native and introduced perennial species in their benefits toANPP . However , soil organic C ( less light fraction) seemed to be benefited by native species .
ReferenceDormaar , J .F . , Naeth , M .A . , Willms , W .D , . Chanasyk , D .S . , ( １９９５ ) . Effect of native prairie , crested wheatgrass( A gropy ron cristatum [ L .] Gaertn .) and Russian wildrye ( Elymus j unceus Fisch .) on soil chemical properties . J .Range

Manage . ４８ ,２５８‐２６３ .
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Na compound fertilizer promotes growth and enhances drought resistance of desert plants
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Introduction Wang et al . ( ２００４ ) identified that Na plays an important role in drought adaptation of desert plants innorthwestern China . Further studies in the laboratory also proved that suitable concentrations of sodium can not only promotethe grow th of desert plant Zygophy llum xanthoxy lum , but also improve its stress resistance . Based on above , we havesuccessfully developed a Na compound fertilizer through a series of experiments and the results from these tests indicated thatthis Na fertilizer is able to promote the grow th of desert species Zygophy llum xanthoxy lum , Haloxy lon ammodendron ,
Nitraria tangutorum and Reaumuria soongorica and enhance their drought resistance .
Materials and methods Germinated seeds were transplanted in pot filled with mixture of different amount fertilizers and soil . Z .
xanthoxylum grown under well watered conditions for ２８d and ６０d for shoot and root experiments , respectively , andthenirrigation was stopped . After １４d and １５d for shoot and root experiments , respectively , some relevant indexes weremeasured .
Results Compared with CK , Z . xanthoxy lum leaf fresh weight , dry weight , water content , area and relative organic dryweight , and plant height of CF treatment significantly increased by ３０％ , ２４１％ , ５７％ , ３５０％ , ９６％ and ８ .４％ respectively inthe sodium fertilizer treatment ( Table １ ) ; in addition , the root fresh weight , main root diameter , root volume , root length ,root activity and activity absorbing area significantly increased by ２２９％ , ２５％ , １０７％ , １６４％ , ９９％ and ３３８％ respectively( Table ２) . There were similar trends for H . ammodendron , N . tangutorum and R . soongorica : Na compound fertilizer alsosignificantly promoted the grow th and enhanced drought resistance of these desert plants ( data not show ) .
Table 1 E f f ects o f Na compound f ertiliz er on shoot o f Z . xanthoxylum .CK (no f ertiliz er ＋ drought stress) , CF (common
f ertiliz er ＋ drought stress) , NaF ( Na compound f ertiliz er ＋ drought stress) . Z . xanthoxylum seedlings normally grown
f or ２８ d and then were stop ped irrigating f or １４d .

Fresh weight( g / plant)
Dry weight( g / plant)

Water content( g / g .DW)
Leaf area
( cm２ )

Relative organicdry weight( ％ ) Plant height( cm)
CK ０ B.３７ ± ０ .０３c ０  .０７ ± ０ .００２c ３ $.０ ± ０ .２c １１  .１ ± １ .３c ５８ 痧.５ ± ０ .５c ７ E.０ ± ０ .２c
CF ０ ..７５ ± ０ .０８ b ０ .０８ ± ０ .００１b ８  .７ ± ０ .２ b １５  .５ ± ０ .６ b ６０ 腚.５ ± ０ .９b ８ A.１ ± ０ .３b
NaF １ A.２６ ± ０ .０５a ０  .１１ ± ０ .００７a １３ :.５ ± ０ .３a ２１  .８ ± １ .９a ６３ 镲.４ ± ０ .３a ９ D.１ ± ０ .２a

Table 2 E f f ects o f Na compound f ertiliz er on root o f Z . xanthoxylum .CK , CF and NaF are the same as in Table １ .Z .xanthoxylum seedlings normally grown f or ６０ d and then irrigation w as stop ped f or １５d .

Fresh weight( g / plant)
Diameter( mm/ plant)

Volume
( cm３ / plant) Length( cm / plant) Activity( ng / g .FW/ h)

Activity absorbingarea ( m２ / plant)
CK ０ B.８０ ± ０ .１４c １  .２６ ± ０ .１４c １ 鲻.０４ ± ０ .１７c ５ 蜒.５６ ± ０ .２９c ４８ 侣.２２ ± ４ .７０c ０  .３７ ± ０ .０５c
CF １ =.９８ ± ０ .１０b １  .３９ ± ０ .１１b １ 蝌.４７ ± ０ .１２b ８ 烫.４２ ± ０ .７８b ７９ 浇.９０ ± ４ .０６b ０  .６０ ± ０ .１１b
NaF ２ A.６３ ± ０ .０４a １  .５８ ± ０ .０２a ２ 骀.１５ ± ０ .２０ a １４ 珑.６６ ± ０ .５９a ９５ 亮.７２ ± ６ .９８a １  .６２ ± ０ .１２a

Conclusions Under slow drought stress , Na compound fertilizer is able to promote the grow th of desert species Z .
xanthoxy lum , H . ammodendron , N . tangutorum and R . soongorica and enhance their drought resistance . Consequently , thisfertilizer can assist in the alleviation of desertification .
ReferenceWang SM , Wan CG , Wang YR . ( ２００４ ) . The characteristics of Na＋ , K ＋ and free proline distribution in several droughtresistant plants of the Alxa Desert , China . Journal o f A rid Env ironments . ５６ : ５２５‐５３９ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]353　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Sward height effect on emission of NH3 from broiler manure applied to Dactylis glomerata L .
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Introduction Ammonia volatilization is a major N loss pathway from land applied manure . Strategies for reduction generally
involve injection , incorporation or rapid infiltration of the manure . These techniques are often not available for application on
perennial forages . Previous work has shown lower emission when liquid pig manure was applied in bands under a growing cropof winter wheat ( Sommer et al . １９９７) . This potential abatement method has not been examined for solid manures which cannotbe injected into grass . The objective of this study was to examine the effect of grass height on NH３ emission from applied
broiler litter .
Materials and methods This field study ( ４ replicates ) was conducted on established orchardgrass ( Dacty lis glomerata L .) .Sward canopies were trimmed to ２５ , ７５ , １７５ or ２７５mm height above the ground just before manure application ; the grass in all
plots grew sightly during the two‐week measurement period but height differences were maintained . Broiler litter was broadcastat ４７０ kg N or １００ kg NH４‐N ha‐１ . Ammonia measurements were made using ０ .５ × ２ m wind tunnels with continuous air flow
averaging １ m sec‐１ as measured with turbine anemometers , and measurements of air flow in a cross‐sectional grid through the
tunnels were taken with a hot wire anemometer . Ammonia in air samples collected from the tunnels were trapped in phosphoric
acid and analyzed by flow injection . Sampling frequency , starting with ４ times on day １ , declined over the １４‐day measurement
period af ter manure application .

　 　 　 　 Figure 1 Daily N H 3 emissions f rom ap p lied broiler
manure as a f f ected by grass height at the time o f
ap p lication .

Results and discussion For all grass heights ,
more than half of the emissions occurred in the
first ２４ h after manure application . This shows
the importance of rapid incorporation of
manure , where this can be done . In the firstday , there was a negative effect of grass height
on NH３ emission , but the effect was small af ter
day ２ ( Figure １ ) . Loss of ammonia‐N duringthe １４‐day measurement period totaled ６５畅３％ ,
５９畅６％ , ５６畅０％ and ４２畅８％ of applied
ammonia‐N for the ２５ , １００ , １７５ and ２７５ mm
heights , respectively , or ９畅１ to １３畅９％ of
applied total N . Only the tallest grass height
had a significant effect on ammonia emissions
with a reduction of ３４％ compared to the short
grass . These reductions were lower than thosereported by Sommer et al . ( １９９７) for liquid hogmanure . The difference could be due to relative
density and shape of the canopies , and
alternative measurement techniques ( wind tunnels vs . micromet‐mass balance) . Emission reduction appeared to be related to
the reduced airflow at height of ５０‐２００ mm above ground and possibly to direct ammonia absorption by crop leaves ( Sommer et
al . １９９７) . Applying manure under a crop canopy may have additional benefits of reducing odour and runoff and increasing therate of nutrient uptake ( unpublished data ) . However , delayed manure application may result in reduced yield . Effect on
emissions by other crops , crop canopy structures and manure types , and the influence of precipitation , need to be examined .
Conclusions Grass canopy can be used to reduce ammonia emissions for surface applied broiler manure . While the effect was
smaller than reported for swine slurry , there are few methods available for reducing emissions from solid manure applied to
grass . Future studies should attempt to optimize the effect .
References
Sommer , S .G . , Friis , E . , Bach , A . , Schjorring , JK . (１９９７) . Ammonia volatilization from pig slurry applied with trail hosesand broadspread to winter wheat : effects of crop development stage microclimate and leaf ammonia absorption . J .

Env ironmental Quality ２６ : １１５３‐１１６０ .
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Effect of nitrogen fertilisation and cutting frequency on the yield and regrowth of Panicum
maximum Jacq in West Cameroon
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Introduction Ruminant production in most tropical countries relies heavily on the availability of grazing land . However , with thehigh population densities in some of these regions and the emergence of out of season cropping on riparian areas , all arable landsare occupied throughout the year . The alternative left for the animal farmers , is forage cropping and appropriate managementtechniques . The present work was designed to evaluate the effect of nitrogen fertilisation and the cutting frequency on the yieldand regrow th of Panicum maximum in West Cameroon .
Materials and methods The study was carried out at the Animal Experimental Farm of Dschang University from March ２００６ toJanuary ２００７ . Rainfall in this zone varies between １５００ and ２０００ mm . The soil is classified as ferralitic . A ３ × ３ factorialdesign with ３ doses (０ , ６０ ,８０ kg / ha) of nitrogen in the form of Ammonium Sulphate at ２１％ N and ３ cutting frequencies ( F１
＝ ３０ days , F２ ＝ ４５ days , F３ ＝ ６０ days) at a height of ２０ cm in ３ replicates was used . Seventy ( ７０ ) tillers of P . max imumbearing one to two tali were planted on each plot in April ２００６ with a spacing of ２５ cm by ２５ cm . A single dose (１００ kg / ha) ofsimple super phosphate at ２１％ P was applied in all plots . The ammonium sulphate was fractioned in two parts . The first one‐third was applied in equal quantity one month after planting . The remaining two‐thirds were divided according to the number ofcuts to be done excluding the last one . Two months after planting , the plots were zero timed at ２０ cm above the soil and theharvest of regrow ths started one month later . ５００ g sample were taken after each cutting and oven dried at ６０ ℃ for dry matter(DM ) estimate . The average height obtained from ３ measurements was used to evaluate the rhythm of regrow th . Two factorsAnalysis of variance was carried out on the data and significant differences among treatments were tested with Duncan摧smultiple range tests .
Results and discussion Independently of nitrogen fertilization cutting frequency had significant effect ( P ＞ ０ .０５ ) on the biomassproduction with the highest yield (１３ .７７ t DM / ha) obtained at ６０ days cutting frequency ( Table １) . Increased DM yields withextended cutting intervals are consequences of additional tiller and leaf formation , leaf elongation and stem development . It wasobserved that nitrogen fertilization did not have a significant effect on the Dry Matter Yield ( DMY ) of P . max imum . Thiscould be due to losses through leaching and volatilisation . Nitrogen fertilization at higher rates may yield lower dry matter(DM ) due to nitrogen toxicity or nutrient imbalances ( Maurice et al . , １９８５) .
Table 1 : E f f ect o f nitrogen f ertiliz ation and cutting
f requency on biomass p roduction o f P . maximum .
Cutting
f requency
( days)

Nitrogen fertilization ( kg / ha)
０ y６０ 悙８０ �

Mean ± SD

F１ :３０ }１２ 煙.０６a １１ 悙.０８a １２ �.６３a １１ 剟.９２ ± ０ .７８c
F２ :４５ }１２ 煙.７４a １３ 悙.４４a １２ �.４５a １２ 剟.８８ ± ０ .５１b
F３ :６０ }１４ 煙.６８a １４ 悙.０８a １２ �.５５a １３ 剟.７７ ± １ .０９a
Mean ± SD １３ 煙.１６ ± １ .３６a １２ 悙.８７ ± １ .５７a １２ �.５５ ± ０ .０９a
a , b , c : Means with same letter in one row are not significantly different ( P ＞
０畅０５ )

Table 2 : E f f ect o f nitrogen f ertiliz ation and cutting
f requency on the RR o f P . maximum .
Cutting
f requency
( days)

Nitrogen fertilization ( kg / ha)
０ 憫６０ �８０ G

F１ :３０ 觋１０２ 葺.４４c １０９ %.９３c １１１ m.０２c
F２ :４５ 觋１２１ 葺.５３b １３４ %.７２b １３７ m.９４b
F３ :６０ 觋１４５ 葺.７０a １５０ %.９６a １６０ m.０４a
a , b , c : Means with the same letters in one row are not significantlydifferent ( P ＞ ０ .０５)

Both cutting frequency and level of nitrogen fertilization had significant effect ( P ＜ ０ .０５ ) on RR ( Table ２ ) . Nitrogenfertilization effect could be related to the fact that N stimulates meristematic and retards leaf senescence ( Andrew andJohansen , １９７８ ) . Cutting frequency effect could be related to the fact that infrequent and light defoliation maintains balancedgrow th of roots and shoots of plants ( Chapman and Lemaire , １９９３) .
Conclusion Nitrogen fertilization had no significant effect on the biomass production of P . max imum . Cutting frequencysignificantly influenced biomass production with the highest forage yield obtained from plots cut at ６０ days frequency . Nitrogenfertilization significantly influenced the RR of P . max imum . Cutting frequency had significant effect on the RR with the highestRR obtained at ６０ days cutting frequency .
ReferencesAndrew , C .S . and D . Johansen . (１９７８) . In Plants relations in pastures . Australia : CSIRO .Chapman , D . F . and G . Lemaire . ( １９９３ ) . Morphogenetic and structural determinants of plant regrow th af ter defoliation .Proc . XVII Intl Grassld Cong . Pp . ９５‐１０４ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]355　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Litterfall deposition along an altitude gradient , Northeast Mexico
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Introduction . Litterfall and litter decomposition are key nutrient cycling processes in forest ecosystems ( Isaac and Nair , ２００６) .In addition ,throughfall and stemflow help maintain forest floor soil fertility (Silva and González ,２００１ ) . Despite the greatnumber of floristic studies carried out in the northeastern region of Mexico , little research has been carried out to address thespatial and temporal patterns of litterfall deposition . Thus , the aim of this study was to assess the spatial litterfall productionalong an altitude gradient in northeastern Mexico , which covers three main vegetation types .
Materilas and methods . In this study , four experimental plots (５０m × ５０m) were chosen . One plot was located in a pine forest
( Bosque Escuela , １６００ masl) , the second was located in the ecotone of a Querqus forest and the Tamaulipan thornscrub ( EjidoCrucitas , ５５０ masl) , and two plots were allocated in the Tamaulipan thornscrub ( one located at the Faculty of Forest Sciences
( Campus , ３５０ masl),Autonomous University of Nuevo León ,and the other in Ejido Cascajoso ,３００ masl) . At each plot , １０litter traps (１ .０ m２ each) were used . Litter constituents ( leaves , reproductive structures ( flowers , fruits and seeds) , twigs orbranches , and others ( unidentified , fine plant residues ) were collected at １５‐day intervals between December ２１ , ２００６ andDecember ２０ , ２００７ ) . Litter deposition data ( kg ha‐１ ) was subjected to a one‐way analysis of variance design .
Results Total litterfall deposition ranged from ７ ,２６６ ( Ejido Crucitas) to ４ ,１１９ ( Bosque Escuela) kg ha‐１ （Table １ ) . Leavesrepresented the main component with a deposition that ranged from ７４％ ( Bosque Escuela) to ８６％ ( Ejido Cascajoso ) of totalannual litter production . Branches deposition ranged from ４％ ( Ejido Cascajoso ) to １４％ ( Ejido Crucitas ) , reproductivestructures deposition ranged from ５％ ( Bosque Escuela) to １０％ ( Ejido Crucitas ) , the contribution of others constituents oflitterfall ranged from １％ ( Campus) to １２％ (Bosque Escuela) of total annual litter deposition .
Table 1 Contribution o f litter f all constituents (kg ha‐１ ) at research sites , northeastern Mex ico .
Litter Research Site
Constituent Bosque Escuela Ejido Crucitas Campus Ejido Cascajoso
Leaves ３ ,０５２ S５ ,３７２ �４ ,４９７ 　５ ,４８３ e
Reproductive structures ２２５ S７５１ �５０２ 　５４４ e
Branches ３５６ S１ ,０４９ �８１５ 　２４５ e
Others ４８７ S９３ �５１ 　１１１ e
Total ４ ,１１９ S７ ,２６６ �５ ,８６５ 　６ ,３８３ e

Conclusions Differences in spatial and temporal litterfall deposition among sites are related to plant phenology , plant tissue lifespan , community plant structure and environmental variables such as temperature and rainfall .
ReferencesIsaac S .R . and Nair M .A . ( ２００６ ) . Litter dynamics of six multipurpose trees in a homegarden in Southern Kerala , India .
A gro f orestry Systems , ６７ :２０３‐２１３ .Cantu Silva I . and González Rodríguez H . (２００１ ) . Interception loss , throughfall and stemflow chemistry in pine and oakforests in northeastern Mexico . T ree Physiology , ２１ :１００９‐１０１３ .
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3 ‐N under different land use types in the Longzhong part of Loess
plateau
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Introduction Nitrogen is a limiting element for plant grow th in many ecosystems . Inorganic N ( NH ＋

４ ‐N and NO －
３ ‐N) , in soil isthe primary N pool available for plants . The availability of these different N forms can change depending on types of land use( Antonio Gallardo et al , ２００５ ) . The purpose of this study was to research the effect of different land use types on soil N .

Materials and methods This study was conducted at the Semi‐Arid Climate and Environment Observatory of Lanzhou University(３５°５７′N , １０４°０９′E) . Elevation is １９６６ m , which means annual air temperature is ６ .７ ℃ and means annual precipitation isabout ３８２ mm . Soil type is Sierozem , Four sites [ fenced grassland ( FG ) , grazing grasslands ( GG ) , millet field ( MF) andfallow cropland ( FC) ] , each １ hm２ and adjacent to one another , were selected for the study . Three sample plots (５０ × ５０ m２ )were randomly located within each site . In May ２００７ , ten soil samples at five soil depths ( ０ － ６０cm) were taken in each plotusing soil cores and each five soil samples from same depth were mixed together . The fresh soil sample passed through ２ mmsieve prior to analysis . Data were analyzed using General ANOVA model .
Results Soil NH ＋

４ ‐N content at the same soil layer did not differ significantly between different study sites . Soil NH ＋
４ ‐N contentwithin a site did not differ significantly between soil layers in May and July ( Figure １ ) . The content of NH ＋

４ ‐N was significantlyhigher in May compared to that of July ( p ＜ ０ .０５) ( Figure １) Soil NO －
３ ‐N content was ranked according to MF ＞ FC ＞ GG ≥FG ( p ＜ ０ .０５) ,There were some differences between May and July . In May , soil NO －

３ ‐N content of the four study sites werehighest in ０‐１０ cm soil layer and decreased with soil depth . In July , the trend of soil NO －
３ ‐N content of two grassland was sameas that of May along the soil profile . While farmland appeared inflexion in the １０‐２０ cm layer , the trends of them were toreduce then increase . The highest point of MF was in ４０‐６０ cm , and of FC , was in ３０‐４０ cm ( Figure ２ ) .

Figure 1 Soil N H ＋
4 ‐N content

　 　 　 　 　 　 　 　 　

Figure 2 Soil NO －
3 ‐N content

Conclusions In the Loess plateau , because of alkaline soil , soil NH ＋
４ ‐N content was not significantly differenent . Soil NO －

３ ‐Ncontent was imported for plant grow th . Soil NO －
３ ‐N content was different between May and July between farmland plot . SoilNO －

３ ‐N content decreased with soil depth in May , while NO －
３ ‐N content tended to increase in July . Cultivation destroys soilphysical structure . In July ２００７ , because a great deal of rainfall , soil NO －

３ ‐N content was leached to the deeper soil layers .Compared to farmland , grassland has more cover and root biomass which aides in reducing soil N loss .
ReferencesAntonio Gallardo , Rocio Parama′ & Felisa Covelo (２００５) . Soil ammonium vs . Nitrate spatial pattern in six plant communities :simulated effect on plant populations . Plant and Soil , ２２７ , ２０７‐２０９ .
Acknowledgments This study was sponsored by the China National Key Projects for Basic Scientific Research (２００６CB４００５０１) .
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Introduction Interest in turf establishment has boomed in many urban areas of China . Fertilizer application requirements are akey topic in turf management . Various formulations of N‐based fertilizers are available for lawn turf . Previous fertilizationstudies with cool‐season turf have used soluble , fast‐release N formulations ( Moore , R .W . , N .E . １９９７) , or a combination offast‐and slow‐release N formulations ( Moore , R .W . １９９６ ) . Little research has directly compared effects of conventional Nfertilizers on introduced Kentucky bluegrass in China .
Materials and methods The experimental design was a factorial treatment arrangement with a control ( without fertilization )( marked as H１ ,H２ ,H３ ,H４ and H５ (CK) ( Table １ ) in a randomized complete block ( ２m × １m , total １５ blocks) on Kentuckybluegrass ( Poa pratensis cv .Huntsville ) . Four conventional nitrogen fertilizers were added ( ammonium sulphate , sodiumnitrate ,ammonium nitrate and urea) under three repetitions . We also fertilizied ８０ pots ( Ф０ .２３m × ０ .２０m ) with the sametreatment regime to determine the biomass yield .
Results and discussion (１) Any kind of N fertilization significantly accelerated the foliation velocity and grow th rate but withoutany significant differences among ４ N sources . In the early period af ter seeding , no significant effect of N fertilizers could bedetermined on bifurcating ability , but af ter grow th , N fertilization in autumn could greatly improve bifurcation in next spring .Among ４ N sources , ammonium sulphate was the most effective application . Furthermore , turf‐formation velocity could beaccelerated . Compared with the control , turf on an N fertilized field could be formed ３０ days earlier . Admittedly , Nfertilization can effectively improve the turf grow th and earlier formation .( ２ ) ４ N fertilizers could significantly ( p ＝ ０ .０１ )deepen the greenness . In spring growing season ( see Table １ ) , ４ N sources made no differences on their effects whereas inautumn growing season ( from October to November) , U rea application could more significantly increase the leaf chlorophyllcontent of Kentucky bluegrass . ( ３ ) The experiment revealed that ４ N fertilizer applications could significantly increase thebiomass of Kentucky bluegrass , but no difference could be testified for effects on aboveground biomass among differentfertilizers .(４) Summer withering rate did not reach its peak in the warmest period till late September because of an accumulatedhigh temperature effect . After September １７th , reviving would occur . For different N source applications , any treatment couldsignificantly reduce summer withering rate and ammonium sulphate could be more effective .
Table 1 E f f ect o f N f ertiliz ers on grwoth o f K entucky bluegrass .

T reatment
Average foliage Grow th rate( cm / d) Averagebifurcation leaf chlorophyll content ( LCC)
Apr
２４
th

May
１４
th

Beforemowed Aftermowed Sep
１４
th

NextApr １４th May
１３
th

May
３１
st

Jun
１１
th

Oct
１
st

Nov
４
th

H１ j２ U.８７ a ４ 种.４３ ab ０ p.１６７ a ０  .３２０ a ２ 构.６９ a ４ R.０９ a ２ 葺.２１ A ２ v.１２ A ２  .０１ A １ 寣.３０ AB １ _.３７ AB
H２ j２ U.８０ a ４ 种.０２ ab ０ p.１７５ a ０  .３１０ a ２ 构.１３ a ２ ;.４１ bc ２ 葺.１９ A ２ v.１１ A １  .９４ A １ �.１１ B １ 倐.１７ B
H３ j２ U.８２ a ４ 种.４０ ab ０ p.１８０ a ０  .３６０ a ２ 构.５０ a ３ :.７７ ab ２ 葺.１０ A ２ v.０４ A １  .９３ A １ 寣.１６ AB １ 倐.２５ B
H４ j２ U.９６ a ４ 铑.９２ a ０ p.１８０ a ０  .３２０ a ２ 构.２０ a ３ S.３２ c ２ 葺.２５ A ２ v.０５ A １  .８５ A １ è.４２ A １ {.５５ A
CK ２ R.５９ b ３ 腚.８２ b ０ m.０７０ b ０  .１９０ b ２ 构.１６ a １ S.９７ c １ 滗.５５ B １ }.６９ B １  .５６ B ０ �.６３ C ０ 亖.７９ C

Conclusions N fertilizers can be effectively applied in turf establishment of Kentucky bluegrass in the sub‐tropic area and canimprove the foliation , grow th of plants and turf formation and quality , and much better in autumn . Moreover , N sources canhave different affects . Ammonium sulphate could be more effective for bifurcation and summer tolerance whereas urea for root
grow th and greenness .
ReferencesMao Tie ,Kangfang ,Xie .(１９９３) .Methodology on turf quality appraisal .[ J] Journal o f G rass Science ,８ :６９‐７４ .Moore , R .W . , N .E . Christians , and M .L . Agnew . ( １９９６ ) . Response of three Kentucky bluegrass cultivars to sprayablenitrogen fertilizer programs . Crop Sci . ３６ :１２９６‐１３０１ .
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Introduction Alfalfa is the main perennial legume forage in northwest China . Alfalfa stands can accumulate large amounts oforganic matter in the soil and improve physical and chemical characters of soil . Many researches have shown that growingalfalfa can greatly improve soil fertility . This study investigated effects of alfalfa stand age on rhizosphere phosphorus in salinesoil .
Materials and methods The work was carried out at the Linze Grassland Faming Experimental Station ( Hexi Corridor , westernGansu province) . The elevation was １３９０m above sea level . The mean annul air temperature and annual precipitation were ７ .６
℃ and １２１ .５ mm , respectively . Five plots (５５ × ３３m２ ) were planted with alfalfa in １９９８ (８ years old) , ２００１ ( ５ years old) ,
２００２ (４ years old) ,２００３ (３ years old) and ２００４ (２ years old) . Ten well growing plants were randomly located within each sitein full flowering stage . The rhizosphere soil sample was collected by shaking method . Phosphorus contents in all samples weremeasured colourimetrically using the molybdenum blue method ( Murphy and Rilley , １９６２) on a UV /VIS Spectrometer . TotalP and available P were determined by sodium hydroxide digest method and Olsen method respectively . pH was detected by pHMeter . A modified Hedley摧s fractionation scheme described by Tiessen (１９９３) and Sui (１９９９) was used in P fractionation .
Results There was no significant difference among stands in total P in rhizosphere soil and bulk soil . Available P in rhizospheresoil was higher than in bulk in all stands . Available P content in rhizosphere soil was greater in ５ years old stands than ２ yearsold stands but available P subsequently declined in ８ years old stands . In bulk soil , there were no significant difference ofavailable P content among ３ ,４ and ５ years old stands , but all of them were higher than in ２ years old stands . and then itdecreased remarkably in ８ years old stands . The pH in rhizosphere soil was lower than in bulk soil in all stands . The Pfractionation included organic P ( Po) fractionation and inorganic P ( Pi) fractionation . In Pi portion , the NaHCO３‐Pi , NaOH‐Pi and hot conc . HCl‐Pi ( HHCl‐Pi) contents in rhizosphere soil were significant higher than in bulk soil in all stands but therewere no significant difference in the H２O‐Pi and Ca‐Pi contents among stands of different age . With the increase in plant age ,all Pi fractions in rhizosphere and bulk soil increased except for the ８ years old stands , however , the NaOH‐Pi in rhizosphereand bulk soil decreased from ２ to ８ years old stands . In Po portion , NaHCO３‐Po and NaOH‐Po in rhizosphere were significanthigher than in bulk soil in all stands , but differences among HHCl‐Po contents were not significant . NaHCO３‐Po in rhizosphereand bulk soil decreased with the increase of plant age . The NaOH‐Po increased from ２ to ５ years old stands , but decreased in
８ years old stands . There was no noticeable temporal change of HHCl‐Po in rhizosphere and bulk soil . The difference ofResidual‐P contents between rhizosphere and bulk soil was also not significant . With the increase in stand age , the Residual‐Pin both rhizosphere and bulk soil decreased .
Conclusion Alfalfa stand age was a major driver of P form and P supply in rhizosphere soil in this saline system . The specificeffect on soil P differed depending on stand age and the P fraction examined .
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Abstract Peat is a common soil amendment . We investigated differences in chemical properties among peat products and theireffects on soil physical properties . The results showed that : (１ ) There were significant differences on the chemical properties ofpeats , such as organic matter , humic acid and CEC . (２) The physical properties of sand will be obviously influenced by addingpeats . When sand was mixed with peat , the percolation rate , bulk density and air‐porosity decreased . On the other hand , thetotal porosity , capillary porosity and water retention were increased . The more peats and the finer peats are , the more obviousinfluence on soil physical properties is .
Introduction Peat is a common amendment used on Green construction . The rapid development of China Golf Industry requiresa better understanding of the degree to which different peat products alter important soil physical properties . Here we comparechemical properties of six peat products and their effects on soil physical properties with the aim that this information willimprove our ability to select the most appropriate materials for rootzone amendment on Greens .
Materials and methods Five peat products were collected in China , signed as local products ( LP ) , the other one was fromGermany( GP) . The particle size distribution of sand met the USGA recommendation . The pH , organic matter ( OM ) , humicacid( HA ) and cation exchangeable capacity ( CEC) of peat were measured . The sand‐peat mix ture was analyzed for physicalproperties according to ASTM standards .
Results and discussion The properties of six peat productswere shown in Table １ . There was lower pH for GP and LPNo .１ , ２ , ３ . Significant differences were observed amongpeat samples in OM , HA and CEC . For the five LPs , No .１ ,
２ , ３ have better quality than No .４ , ５ . The GP and LP No .３were chosen to be mixed with sand for the testing of physicalproperties ( Table ２ ) . Compared to sand , there weresignificant differences in percolation rate and bulk density oftwo sand‐peat mixtures . With the amount of peat increased ,

Table 1 The chemical p roperties o f di f f erent peats .Samples pH OM ( ％ ) HA ( ％ ) CEC( cmol/ kg)
GP ４ 照.９３c倡 ９６ 缮.０a ５８ �.３a １２５a

LP No .１ 趑５ 痧.２０c ７３ 破.５b ４４ |.９b ７３ 枛.２b
LP No .２ 趑５ 痧.１０c ６１ 适.０c ４０ |.２b ６４ 殮.４c
LP No .３ 趑４ 眄.５８d ４５ 乔.５d ３０ �.９c ５３ 棗.６d
LP No .４ 趑６ 祆.８１b ３７ 缮.７e １５ }.０d ２５ 櫃.９e
LP No .５ 趑７ 镲.６０a １８ 屯.１f １９ }.２d ３１ 櫃.８e

倡 Note : Different letters in the same row indicate significantly difference at p ＜
０ .０５ .

percolation rate , bulk density and air‐filled porosity significantly decreased , but water retention , total porosity and capillaryporosity increased significantly . There was significant different performance between two peats , which was caused by thedifference of chemical properties ( Table １ ) .
The physical properties of sand‐peat mixture were influenced by the size of peat ( Table ３ ) . With the particle size of peatbecame smaller , the percolation rate and air‐filled porosity decreased significantly , but water retention and capillary porosityincreased obviously .
Table 2 E f f ect o f di f f erent peats on the physical p roperties o f sand‐peat mix ture .

Items Sand Sand mixed with GP Sand mixed with LP No .３ %
８ ∶ ２ 厖７ ∶ ３ B８ ∶ ２ �７ ∶ ３ NPercolation Rate ( cm / h) ４０ 6.２a 倡 １９  .７c １６ 乙.５c ３６ 帋.１a ２６ 谮.７bBulk Density ( g / cm３ ) １ ).６２a １ 忖.４６b １ 牋.３６d １ a.４１c １ 鞍.３０eWater Retention ( ％ ) ５ ).６３e １１  .７d １６ 屯.１b １２ 弿.６c １８ 葺.６aTotal Porosity ( ％ ) ４０ W.６e ４５  .０d ４８ 屯.５b ４７ 弿.０c ５１ 葺.１aCapillary Porosity ( ％ ) ９ &.１３d １７  .１c ２２ 屯.０b １７ 弿.８c ２４ 葺.２aAir‐filled Porosity ( ％ ) ３１ W.４a ２７  .９c ２６ 挝.４d ２９ 妸.２b ２６ 乔.９cd

倡 Note : Different letters in the same line indicate significantly difference at p ＜ ０ .０５ .
Table 3 E f f ect o f di f f erent siz e o f L P No .３ on the physical p roperties o f sand‐peat mix ture .

Items Sand Sand‐Peat (４mm) mixture Sand‐Peat (０ 腚.５mm) mixture
８ ∶ ２ 厖７ ∶ ３ ８ ∶ ２ �７ ∶ ３ NPercolation Rate ( cm / h) ４０ 6.２a 倡 １９  .７b １６ 屯.５b ７ a.７９c ５ 鞍.２３cBulk Density ( g / cm３ ) １ ).６２a １ 珑.４６c １ ＃.３６e １ \.４９b １ �.４２dWater Retention ( ％ ) ５ &.６３d １１  .７c １６ 屯.１b １６ 妸.１b １９ 葺.０aTotal Porosity ( ％ ) ４０ X.６c ４５  .０b ４８ 蜒.４a ４４ 妸.４b ４５ 谮.３bCapillary Porosity ( ％ ) ９ ).１３e １７  .１d ２２ 乙.０c ２４ 妸.０b ２６ 葺.９aAir‐filled Porosity ( ％ ) ３１ W.４a ２７  .９b ２６ 乙.４c ２０ 媼.４d １８ 揶.４e

倡 Note : Different letters in the same line indicate significantly difference at p ＜ ０ .０５ .
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Improving the sustainability and mitigating environmental impacts of grazed grassland
H .J . Di 倡 and K .C . Cameron
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Introduction In New Zealand , the predominant land use is grazed pastures where animals graze outdoor pastures all year . Insuch systems , a major nitrogen ( N ) cycling process is the excretion of N in dung and urine by the grazing animal , returning
７０％ ‐９０％ of the N ingested to the soil . The N loading rate under a dairy cow urine patch can be as high as １０００ kg N ha‐１ .This urine‐N is the major source for both nitrate ( NO －

３ ) leaching and nitrous oxide ( N２O) emissions in grazed pasture systems
(Di and Cameron , ２００２a , ２００２b) . Consequently , mitigation technologies have been developed to reduce both NO －

３ leachingand N２O emissions from grazed pasture systems using nitrification inhibitors .
Materials and methods The effectiveness of a nitrification inhibitor , dicyandiamide (DCD) , in reducing NO －

３ leaching and N２Oemissions in grazed pastures was assessed in different soils across New Zealand . Nitrate leaching was measured usingundisturbed soil monolith lysimeters (５０ ～ ８０ cm diameter ; ７０ ～ １２０ cm deep) . Nitrous oxide emissions were determined usingclosed chamber methods on top of the lysimeters . Pasture yield was measured on the lysimeters by cutting and weighing drymatter yields .
Results and discussion Nitrate leaching was significantly decreased by treating the grazed pasture soils with the DCD nitrificationinhibitor ( Di and Cameron , ２００２b , ２００４) . For example , NO －

３ ‐N leaching losses from a Templeton soil were reduced from ８５to ２０‐２２ kg N ha‐１ yr‐１ （equivalent to ７４％ ‐７６％ reductions) ( Di and Cameron , ２００４) . N２O emissions from the urine patcheswere reduced by an average of ７０％ in four different soils ( Di and Cameron , ２００６ ; Di et al . , ２００７ ) . Pasture yield was alsosignificantly increased by the inhibitor treatment ( Di and Cameron , ２００２b , ２００４ , ２００５ ) . Therefore , treating grazed pasturesoil with the DCD nitrification inhibitor provides both environmental and agronomic benefits by reducing NO －
３ leaching and N２Oemissions , and increase pasture production .

Acknowledgments We thank Ravensdown Fertiliser Co‐operative Ltd , Pastoral Greenhouse Gas Research Consortium
( PGGRC) , NZ Foundation for Research , Science and Technology ( FRST ) and Lincoln University for funding , and T revorHendry , Steve Moore , Neil Smith , and Nigel Beale for technical support .
ReferencesDi , H . J . , Cameron , K .C . , ( ２００２a ) . Nitrate leaching in temperate agroecosystems : sources , factors and mitigatingstrategies . Nutr . Cycl . A groecosyst . ６４ : ２３７‐２５６ .Di , H .J . , Cameron , K .C . , (２００２b) . The use of a nitrification inhibitor , dicyandiamide ( DCD) , to reduce nitrate leachingand nitrous oxide emissions in a simulated grazed and irrigated grassland . Soil Use Manag . １８ : ３９５‐４０３ .Di , H .J . , Cameron , K .C . , ( ２００４ ) . T reating grazed pasture soil with a nitrification inhibitor , eco‐nTM , to decrease nitrateleaching in a deep sandy soil under spray irrigation . N . Z . J . A gric . Res . ４７( ３) : ３５１‐３６１ .Di , H .J . , Cameron , K .C . , (２００５) . Mitigation of nitrate leaching in grazed pastures by treating the soil with a fine particlesuspension nitrification inhibitor , dicyandiamide . A gric . Ecosyst . Env iron . １０９ : ２０２‐２１２ .Di , H .J . , Cameron , K .C . , (２００６ ) . Nitrous oxide emissions from two dairy pasture soils as affected by different rates of afine particle suspension nitrification inhibitor , dicyandiamide (DCD) . Biol . Fert . Soils ４２ : ４７２‐４８０ .Di , H . J . , Cameron , K . C . , Sherlock , R . R . , ( ２００７ ) . Comparison of the effectiveness of a nitrification inhibitor ,dicyandiamide (DCD) , in reducing nitrous oxide emissions in four different soils under different climatic and managementconditions . Soil Use Manag . ２３ : １‐９ .
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Introduction The biological absorption coefficient ( Ax ) is a useful way to evaluate the ability of a plant to absorb certainelements . The index expresses the flux of the chemical element in the soil‐plant system and reflectes the selective absorbingcapacity of the plant on for the particular . Biological absorbing capacity of １０ elements in ６ grasses was studied at mountainousregion of north subtropical zone of China in this paper . These provided a scientific basis for managing artificial grassland .
Materials and methods The study was conducted at artificial grassland of the Hongchiba area in Chongqin , China ( １０９°０４′E ,３１°
３３′N) at an altitude of １２００ m above sea level . Mean annual temperature was is ７ ℃ ; mean rainfall is ２０００ mm year‐１ . Thematerials used were ３ leguminous grasses , T ri f olium p retense , T . repens and T . incarnatum and ３ forage gasses Dacty lis
glomerata , Lolium perenne and Poa p ratensis . Analytical methods for elements was as follows : N was determined by methodof HClO４‐H２ SO４ nitrification and P , K , Ca , Mg , Fe , Mn , Cu , Zn and B by ICP‐AES . Ax of elements was quantified by theelement content of plant divided by that of soil in grow th location of the plant ( Tian et al . １９９６) .
Results and discussions The biological absorbing capacity of a grass for a particular elements could be classified into ２ types ,enriched element ( Ax ＞ １) and impoverished element ( Ax ＜ １ ) . Table １ shows that N , P and Ca were enriched elements inaboveground and underground portion of ６ grasses except that P of underground portion in L . perenne was an impoverishedelements . These results were identical with the reports of Cen ( １９９９ ) . K , Mg , Fe , Mn , Cu , Zn and B were impoverishedelements except that K of aboveground portion of D . glomerata is an enriched element . The study results of Tian ( et al , １９９６)showed similar outcomes . Ax of Ca in leguminous grasses was strikingly higher that forage gasses in aboveground portion for ２type grasses ( P ＜ ０ .０１ ) . As regards １０ elements , Ax of N was highest ; Ax of Fe was lowest in all materials . Comparedaboveground portion with underground portion , Ax of N , P , K and B of the former were notably larger than those of the latterin ６ grasses ( P ＜ ０ .０５ ) . Ax of Ca and Zn of the former were markedly larger than those of the latter in ３ leguminous grasses ( P
＜ ０ .０５) .
Table 1 Biological absorp tion coe f f icient o f nutrient elements in ６ grasses .

N P K Ca Mg Fe Mn Cu Zn B
Aboveground portion
T ri f olium p retense １７ \.６９ ３ 亮.０１ ０ =.５４ １０ 舷.７７ ０ 4.４５ ０ 櫃.００４ ０  .０７０ ０ 悙.３２９ ０  .４３５ ０ 创.３０２
T ri f olium repens ２２ \.８９ ３ 亮.７９ ０ =.７８ １０ 舷.９７ ０ 4.２９ ０ 櫃.０２１ ０  .０８０ ０ 悙.３６６ ０  .３０８ ０ 创.３５１
T ri f olium incarnatum ２１ \.６２ ２ 亮.５８ ０ =.５０ ７ 父.１７ ０ 4.２７ ０ 櫃.００５ ０  .０４１ ０ 悙.２６５ ０  .４１８ ０ 创.２３３
Dacty lis glomerata １５ \.３１ ５ 亮.５２ １ =.０３ ２ 父.０８ ０ 4.２３ ０ 櫃.００４ ０  .４１９ ０ 悙.４１１ ０  .５１７ ０ 创.３２０
Lolium perenne １６ \.５７ ２ 亮.４６ ０ =.７９ ２ 父.３９ ０ 4.１４ ０ 櫃.００５ ０  .１４１ ０ 悙.２３５ ０  .３４２ ０ 创.３１０
Poa p ratensis . １３ \.７６ ３ 亮.７２ ０ =.７６ １ 父.９７ ０ 4.１０ ０ 櫃.０１１ ０  .０９７ ０ 悙.２７７ ０  .３７４ ０ 创.３３５
Underground portion
T ri f olium p retense １１ \.４２ ２ 亮.０７ ０ =.２６ ２ 父.５０ ０ 4.５１ ０ 櫃.０２３ ０  .０４４ ０ 悙.３８６ ０  .２１１ ０ 创.１８６
T ri f olium repens １６ \.４３ ２ 亮.０７ ０ =.２８ ３ 父.５６ ０ 4.３５ ０ 櫃.００６ ０  .０３５ ０ 悙.４５６ ０  .２４８ ０ 创.２７７
T ri f olium incarnatum １８ \.３９ １ 亮.３８ ０ =.３９ ２ 父.１３ ０ 4.１６ ０ 櫃.００４ ０  .０３０ ０ 悙.３５５ ０  .２１９ ０ 创.２０２
Dacty lis glomerata １１ \.８０ １ 亮.８６ ０ =.１７ ３ 父.５６ ０ 4.１６ ０ 櫃.０８７ ０  .２３６ ０ 悙.６３２ ０  .５６５ ０ 创.２４８
Lolium perenne １１ \.２４ ０ 亮.９５ ０ =.１９ １ 父.５４ ０ 4.０４ ０ 櫃.０１９ ０  .１０３ ０ 悙.２７４ ０  .４５２ ０ 创.１７５
Poa p ratensis . ８ E.８５ １ 亮.６７ ０ =.３１ １ 父.８１ ０ 4.０６ ０ 櫃.０３３ ０  .１４３ ０ 悙.３４０ ０  .３３７ ０ 创.１４７
Conclusions N , P and Ca were enriched elements ;K , Mg , Fe , Mn , Cu , Zn and B generally were impoverished elements in ６
grasses . Ax of Ca in leguminous grasses was strikingly higher that forage gasses in aboveground portion . Ax of N , P , K and Bof aboveground portion was notably larger than those of underground portion in ６ grasses . Ax of Ca and Zn of abovegroundportion were markedly larger than those of underground portion in ３ leguminous grasses .
ReferencesChen Y R , ( １９９９ ) . Study on the bio‐accumulations of nutrient element for artificial forest on the experimental plot inQianyanzhou . Journal o f Natural Resources , １４ ( １) , ８４‐８８ , １９９９Tian J , Liu P L , Li W Q et al . , ( １９９６ ) . Characters of element distribution in the Soil‐plant system on the Xizang plateau .

A cta Scientiae Cir cumstantiate , １６ ( １) : ３７‐４３ , １９９６ .
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Introduction For the last few decades , the Inner Mongolia steppe has been degraded by improper use . As a result , the
productivity of grasses and livestock in the steppe has decreased dramatically . Understanding the current state of desertificationand the dynamics of degradation of the steppe located at the center of Eurasia is essential for protecting and restructuring thisland effectively . A simple and rapid method to evaluate the composition of grasses growing in the steppe is needed . The
possibility of estimating N , P and K content of the plants using the SPAD ( Soil & Plant Analyzer Development ) value wasexamined in the present study .
Materials and methods The plant samples were collected from １３ quadrates (１ m２ ) constructed in the traditional steppe , where
Leymus chinensis and Stip a L . are dominant and Cleistogenes squarrosa , Caragana microphy lla and A rtemisia f rigida aresubdominant species , around Xilin hot city in Xilin Gol league of Inner Mongolia in August , ２００６ . The SPAD readings of ９
points ( upper , middle and lower parts of leaves selected from upper , middle and lower part of a plant) of a plant were recordedbefore sampling by using the chlorophyll meter ( SPAD‐５０２ : Konica Minolta Sensing .Inc . Co .) . Total N , P and K contents ofthe dried plant samples were measured by Nessler colorimetric and molybdenum‐blue colorimetric analysis and flame photometerfollowing the treatment with sulfuric acid and hydrogen peroxide , respectively .
Results and discussion Significant positive correlations between N , P or K and the SPAD value were observed in all cases ( Table
１) . It was also demonstrated that there were high level coefficients of determination between SPAD readings and K and Pcontents in plants as well as N , which have a cross correlation with SPAD readings in Chinese grasses ( Lei et al . ,２００１ ) . Onthe other hand , it was found that the lower leaves tended to have lower SPAD readings were lower in lower leaves .
Table 1 Relationships between N , P or K contents and SPAD value of grasses ( n ＝ １３) collected in steppe of Inner Mongolia .

Regression r r２ �p
N y ＝ ０  .５７２x － ７ .３８６ 倡

０ %.９８１ ０ 憫.９６３ ＜ ０ 　.００１
P y ＝ ０ -.０７２x － １ .１０９ ０ %.８８６ ０ 憫.７８５ ＜ ０ 　.００１
K y ＝ ０ -.３９４x － １２ .８１ ０ %.９２９ ０ 憫.８６３ ＜ ０ 　.００１

倡 : y ＝ N , P or K ; x ＝ SPAD value
Conclusion It was concluded that the SPAD values of plants growing in Inner Mongolia could become good indicators of plant N ,P and K contents based on the results obtained in the present study .
ReferencesLei , Z . X . , T . C . Ai , F .M . Li . ( ２００１ ) . The Relationships between SPAD readings and the contents of Chlorophyll andNitrogen in strawberry leaves . Journal o f H ubei A gricultural College . ２１ (２) :１３８‐１４０ .
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Introduction As one of the most important forage crops , alfalfa production is confined by rising irrigation costs and waterdemand . One tool to imrove sustainability of water use is to increase water use efficiency (WUE) in alfalfa production . Siliconhas been found to increase WUE in sunflower by reducing leaf transpiration ( Zou et al . ２００５) . Silicon also can increase alfalfashoot and root grow th ( Guo et al . ２００６) . If the WUE of alfalfa could be enhanced by a simple agronomic means such addingsilicate to the soil , this measurement could potentially be applied in pasture management .
Materials and methods A pot experiment was conducted in the green house . The equivalent of ２３ .８ kg oven‐dried sand soil was
put into ４８ plastic pots with a plastic film on the bottom to prevent drainage loss of water . Four soil moistures were designed :
８０％ , ６５％ , ５０％ , and ３５％ of field water capacity ( FWC ) . At each soil moisture condition , three treatments ( ４ .０ gpotassium chloride (‐Si) , ８ .０ g Potassium silicate ( ＋ Si) , CK ) were applied to quantify the effect of silicon application onWUE of alfalfa plants . Alfalfa seedlings were thinned to １０ per pot １０ d after they germinated . During the experiment ,sunlight was introduced and soil water was maintained approximately at preset water hold capacity every day by weighing andadding deionized water . Water use efficiency was determined by WUE ＝ Y / I . Y is forage biomass and I irrigation water . Thetranspiration rate was measured under clear and sunny weather using a portable photosynthesis system ( LI‐６４００ , LI‐CORInc . , Lincoln , NE) .
Results WUE of alfalfa plants was different under the different soil moisture conditions . The addition of silicon significantlyincrease the WUE of alfalfa plant under the ５０％ and ６５％ of FWC conditions ( Figure １) . However , under the ８０％ and ３５％of FWC conditions , addition of silicon had no effect on water use efficiency . This study also showed that WUE of alfalfa plantswith ＋ Si treatments under the ５０％ of FWC condition was significantly higher than that under the ６５％ of FWC condition .Silicon application significantly reduced the transpiration rate of alfalfa leaves across the four soil moisture conditions ( Figure
２) . Compared to the transpiration rate of plants with Si treatments , the transpiration rate of control plant was lower under the ３５％ ofFWC conditions and higher under the ８０％ of FWC conditions , however , no difference under the ５０％ and ６５％ of FWC conditions .

Figure 1 E f f ect o f silicon on WUE under
each soil moisture conditions .

　 　 　 　 　 　 　

Figure 2 E f f ect o f silicon on transp iration
rate under each soil moisture conditions .

Conclusions Silicon application significantly increase the water use efficiency under the lightly and moderately water‐stressenvironments (５０％ and ６５％ of FWC) by mainly reducing leaf transpiration rate . Silicon , however , had no effect on WUE ofalfalfa under the serious water‐stress and wet condition . This observation is not in agreement with the results from Sorghum
bicolor , in which silicon application had no effect on WUE in both wet and dry conditions ( Hattoria et al . , ２００５ ) . Theseresults suggest that the response of water use efficiency of crop plants to silicon application is related to soil moisture conditionin which plants grow .
ReferencesGuo G .Z . , Liu H .X . , Tian F .P . , Zhang Z .H . , Wang S .M . (２００６) . Effect of silicon on the morphology of shoots and rootsof alfalfa ( Medicago sativa) .A ustralian Journal o f Ex perimental A griculture , ４６ , １１６１‐１１６６ .Zuo C .Q . , Gao P , Liu Y .J . , Wang L .J . , Zhang F .S . . ( ２００５ ) . Effects of silicon on water use efficiency in sunflower withsolution culture . Plant Nutrition and Fertiliz er Science , (２００５) , １１ , ５４７‐５５０ .Hattoria T . , Inanagaa S . , Arakib H . , Ana P . , Moritac S . , Luxov M . , Lux A . . ( ２００５ ) . Application of silicon enhanceddrought tolerance in Sorghum bicolor . Physiologica Plantarum , １２３ , ４５９‐４６６ .
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Introduction In very intensive milk production systems in Europe and America with the use of high amounts of chemicalfertilizers , the nutrient cycling models consider the losses of N due to leaching and volatilization , as well as the hydro‐physicalcharacteristics of the soil affecting the performance of this element ( １０ ; ６ ) . However , in more extensive milk productionsystems , low input agriculture forming the natural cycle occurring within each farm , is of vital importance to potentate nutrientrecycling for a stable animal production .
Objective To study the values of N , P and K inputs and outputs in a dairy farm with a sward composed by ６０％ of C .
nlem f uensis and ４０％ of P . purpureum CT‐１１５ , associated with legumes in ２８％ of the area .
Materials and methods The grassland covered an area of ５３ .４ ha , composed by C . nlem f uensis (６０％ ) , P . purpureum CT‐１１５
(４０％ ) and L . leucocephala and C . caj an legumes intercropped in ２８％ of the area . The dairy herd consisted of １１４ cows , ３５replacement heifers and ２４ calves . There was a milk yield of １００ ,０００ litters and the animals consumed ８２５ t DM from pasturesand ７５ .１ t DM from other supplementary feeds . Nutrients extracted by pastures , nutrients intook by animals from pastures ,symbiotically N fixation by legumes and N , P and K determinations outside the system due to animal production weredetermined ( ３‐１１ ) . Volatilized ammonia , nutrient input and litter accumulated in the paddocks were measured once eachseason .
Results and discussion In the whole system the balanceindicates negative values of N , P and K . Out of the totalamount of nutrients consumed , animals used only １６ kg N , ５kg P and ４ kg K for milk production , LW gain and calf
production , the remainder returned to the system throughexcretions . Hence , more than ９０％ of the N and K , andapproximately ８１％ of the P consumed by the animals wereadded to the system through excretions . These results agreewith those reported by Jarvis ( １９９３ ) and Cadish ( et al . ,
１９９４ ) . However , ４０％ of the excretions occurred in theshade buildings and milking parlours and thus these nutrientsdid not return to the system . An important internal recyclingmechanism , especially for nitrogen and potassium , is theirremobilization by the rejected pasture to re‐use them for theregrow th activity . This is of particular interest in CT‐１１５Bank , since stems of CT‐１１５ plants left after grazing remobilizean important amount of these nutrients , guaranteeing afavourable pasture regrowth (Martinez １９９６) .
Conclusions and perspectives The return of all the excretion tothe grassland is recommended as well as increasing the areaof legumes to attain a satisfactory balance of N , P and K inthe system . Further studies must consider maintenancefertilization , nutrient losses due to leaching anddenitrification , as well as variation of the stable OM in thesoil and the influence of hydro physical properties in therecycling process .

Table 1 N , P and K balance in the system , kg / ha/ year .
Inputs and outputs N P K
External inputs
Fertilizer １４ 挝‐ ‐

Rainfall ２７ 挝‐ ‐

Supplements １６ 挝７ 牋２６ 灋
Biological N １２ 挝‐ ‐

Internal recycling
Extracted by pasture ３２０ 邋５７ 贩２３７ 档
Remobilization ３６ 挝５ 牋３４ 灋
Excreted by the animals １６５ 邋３３ 贩１５２ 档
Consumed by the animals from pasture １７６ 邋３１ 贩１３０ 档
From litter １１ 挝２ 牋９ 噰
Outputs
Animal products １６ 挝５ 牋４ 噰
N volatilized １１ 挝‐ ‐

Losses outside the system ７０ 挝１３ 贩６１ 灋
Balance in the system( Inputs‐outputs) ‐２８ 葺‐１１ 乔‐３９ �

ReferencesCadish , G . , Schunke , R .N . & Giller , K .E . (１９９４ ) . Nitrogen cycling in a pure grass pasture and a grass‐legume mixture ona red latosol in Brazil . T rop ical G rasslands . ２８ :４３ .Hirata , M . , Sugimoto , Y .G & Ueno , M .( １９９１) . Use of a mathematical model to evaluate the effects of dung from grazinganimals on pasture production . [ J] Jap an Grassld . Sci . ３７ :３０３ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]365　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Effects of microbiotic crust nutrients on the different Vegetations
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Introduction In China , more and more people are concerning on prairie desertification . The microbiotic crust consisting of algae ,lichen , moss , epiphyte , bacteria and soil particles is an important landscape component in these regions . This researchexamines effects of microbiotic crust nutrients on vegetation in the transition zone between the Loess Plateau and Mu US sandyland .
Material and methods This research had got the sample in the field and analyzed in the laboratory . The microbiotic crust wassampled in Ordos , Yijinhuoluo banner and this area lies in the transitional area of Loess Plateau and Mu US sandy land . Choosethe Salix psammophila C .Wang forest , the A rtemisa ordosica Krasch forest and the Populus simonii Carr . forest as ３sampling area whose grow th time were close and take the bare dune as compared area . In the sampling area , chose ２ duneswhose gradient and aspect are similar and sampled ３ repetitions in the middle and the bottom of the tailo . Experimental analysisthe sample摧s nutrient content in the laboratory and the measuring index and its method are as follows : pH measured by pHwhich type is PHS‐３D ; organic‐potassium dichromate & concentrated sulfuric acid ; total N‐micro Kjeldahl method ; total P‐NaOH colorimetry ; total K‐NaOH flame photometry . All of the experiment data were analyzed by Excel and SAS .

Figure 1 Nutrient content o f the microbiotic crust in ３ samp ling
area and the contrast zone .

Results The minimum pH value in the bottom of A rtemisa ordosica Krasch sampling dune is ７ .９５ and the maximum value is ８ .
４６ of the middle of bare dune . The pH value of the crust under the A rtemisa ordosica Krasch and the Salix psammophila C .Wang are higher than the Populus simonii Carr . forest and the bare dune . That摧s mainly because the moss has grown in thecrust of the ２ former forests and their roots can secrete acidoid during the grow th process . In the ３ sampling area , the organiccontent of the crust is ６ .６１‐２１ .２８ g / kg and the total N is ０ .４２‐１ .０６ g / kg , both of them are higher than the compared area . Itshows that the microbiotic crust has strong enrichment effect on the nutrient . Both the C /N and the C / P value in the samplingarea are higher than the compared area , which shows that the inferior organism of the crust has higher suitability in sandy landwith poor nutrient and their existence has important influence on the C circle in this desertificated place .
Conclusions With the increase of crust thickness , the pH value tend to decrease and all the organic matter , total N , total Pcontent are present raising trend . The microbiotic crust has significant enrichment effect of the nutrient . Both the C/ N and theC/ P in the ３ sampling area are higher than in the bare dune .
ReferencesDeren Yan , Mei Liu .( ２００３ ) . Study and discussion on sand fixation by crust with Alga , Inner Mongolia Forestry Science

& Technology , Supplement : ３‐６ .Xiaohui Yang , Kebin Zhang , Yunjie Zhao .( ２００１ ) . Microbiotic soil crust : a research forefront in desertification‐prone areas ,
A cta Ecologica Sinica , ２１ :４７４‐４８０ .
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Effects of yearly simulated temperature rise and nitrogen deposition on soil nutrient in the
Songnen meadow steppes of northeast China
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Key L aboratory o f Vegetation Sciences , Chinese M inistry o f Education , Northeast Normal University , 5268 , Renmin
Street , Changchun , Jilin Prov ince , China , 130024 . E‐mail : hul j068＠ nenu .edu .cn
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Introduction Soil is the largest carbon store in terrestrial ecosystems . Effects of global environmental change on soil carbon andnutrient cycling are consequently an area of intense research interest ( Mosier , １９９８ ) . Nutrinet cycling is inherently coupleswith soil C cycling ( Lal , ２００４) . The objectives of this study were (１) to quantify the effects of soil heating and N deposition onsoil total N ( TN ) , soil total P ( TP) , available N ( AN ) , and available P ( AP ) ; ( ２ ) to understand how the soil nutrientprocesses and functions of the Songnen meadow steppes respond to a single year of warming and increased N deposition , and toevaluate the potential consequences of climate change .
Materials and methods The measurements were carried out in the Northern Meadow Plot at the Changling Songnen MeadowSteppes Ecology Research Station (１２３°４５′E , ４４°４５′N) , Jilin , China , beginning from March ２００６ . The steppes are situated atthe east edge of the Eurasian Steppes . Perennial grasses are the community dominants , in which Leymus chinensis and Stip a
grandis indicate local climax communities . Annual averaged temperature is about ４畅９ ℃ ,and annual rainfall is about ４７０ mm .Soils are calcareous black soils , sodic saline meadow soils and sandy soils . The experiment was a completely randomized blockdesign with two factors and two levels : atmospheric temperature ( heating and ambient) ; soil N ( increased and ambient) . Eachtreatment combination was replicated six times . We exposed plots to warming ( １６０ W m‐２ of thermal radiation , resulting in asoil‐surface warming of １ .７‐２ ℃ ) , and N deposition ( increased by １０ g m‐２ yr‐１ ) in one‐to two‐way treatment combinations .Warming was applied with infrared lamps suspended ２ .５ m high over plot centers . N deposition was administered with crystalCa( NO３ ) ２ applications in summer . We began treatments in March ２００６ and report responses observed at the end of one year oftreatment . Data were analyzed using three‐way ANOVA analysis in SAS ９ .０ .
Results Soil net nitrogen mineralization rate ( NMR) responded positively to warming on the steppes but with N deposition or Ndeposition and warming together .Warming had no statistically significant effect upon either TN or AN , while N deposition andits interaction with warming both had significant effects upon AN but not TN . Warming , N deposition and their interactionsoverall had no significant effect upon AP . Except that increases in N deposition had a positive effect on TP of about ４０％ , TPresponded with no significance to warming or warming combined to N deposition .
Conclusions In genera , warming and N deposition would both add to future warming and aggravate local non‐point sourcepollutions with respect to the findings from our case study . Since this report is a short‐term examination of soil nutrientresponses to the single and combined effects of warming and N deposition , the degree to which these findings relate to long‐term change is needs to be pursued in subsequent investigations .
ReferencesLal , R . , (２００４) . Soil carbon sequestration impacts on global climate change and food security . Science ３０４ , １６２３‐１６２７Mosier , A .R . , (１９９８ ) . Soil processes and global change . Biological Fertiliz er and Soil ２７ , ２２１‐２２９ .
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Effect of boron fertilizer on density , growth , seed yield and nutrient concentrations of
Centrosema pubescens grown in humid subtropical areas of Yunnan in China
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Introduction Livestock production depends on quality and quantity of forage which can be influenced by fertilizer application( Forth １９８４) . Pasture improvements techniques in tropical and subtropical areas of Yunnan have largely centered on the use ofnew species of plants which had been introduced to China from Australia . Less is known about how nutrient limitations maylimit forage quality and yield . This study examined the effects of boron ( B) on the density , grow th , seed yield and nutrientconcentrations of Centrosema pubscens in terms of nutrient requirements . Yield improvements with B addition could greatlyassist animal husbandry in humid subtropical areas of Yunnan .
Material and methods The study was conducted on the southeast of Yunnan( １０１°１７′E , ２２°４７′N ) , of latosolic soil type withaverage annual rainfall of ２２２０ mm , an elevation of ８９０ m , a mean temperature of ２０ .６ ℃ , annual evaporation of １８６５ mm .The original vegetation was Chromolaera odorata , Eupatarium coelestinum , natural grasses and a few Desmodium spp . Thenutrient contents of ０‐２０ cm soil were ２９ .７ g .kg‐１ organic matter , １ .５ g .kg‐１ to tal nitrogen , １４ .２ mg .kg‐１ availablephosphorus , ０ .５ mg .kg‐１ available boron , ５ .６ pH . The method used was a randomized factorial design of one factor with fourlevels( viz . nil , ０ .５５ , １ .１ and １ .６５ kg B/ hm２ ) and three replications for Centrosema pubescens . The plant spacing was ０ .５ m ,with sowing rate of ６ kg / hm２ for each block( ４m × ４m) .Boron fertilizer was applied at sowing with supplement of P １６ kg / hm２ ,Cu １ .２ kg / hm２ , Mn ２ .６ kg / hm２ , Co ０ .０６３ kg / hm２ , Zn １ .８ kg / hm２ and Mo ０ .１６２ kg / hm２ , respectively . Number ofseedlings , oven‐dry matter and seed yields were recorded for three years . All samples were analysed for N , P , K , Ca , Mg ,Zn , Cu and Mn in general method (Bao ２０００) . Data was analyzed with SPSS １１ .０ .
Results Seed yield and dry matter yield of Centrosema pubescens with B １ .６５ kg / hm２ was increased by １６３％ ( p ＜ ０畅０１ ) and
８３％ ( p ＞ ０ .０５) to compare with the control treatment in the Table １ . Moreover , with B application , the yields of Ca ( p ＜ ０ .
０１ ) , P , S and Cu ( p ＜ ０ .０５) increased significantly . Nutrient concentrations of Centrosema pubescens fertilized with １ .６５ kg Bper hectare increased significantly compared with the controlled treatment as illustrated in the Table ２ .
Table1 E f f ect o f B f ertiliz er ap p lication on the number o f seedling , seed yield and dry matter y ields o f Centrosemapubescens (Mean SD) .
boron rates kg / hm２ 抖

０ 行０ <.５５ １ è.１０ １  .６５
Number of seedlings plants /m２ x

４ 行.３ ± ３ .１ ５ <.３ ± ０ .６ ６ è.３ ± １ .２ ４  .３ ± ２ .１
Seed yields kg / hm２

２７ ± ８ 墘.７b ４３ j.５ ± １２ .５ab ５８ ± １５ 弿.０a ７１ ± ２０ �.１a
Dry matter yields kg / hm２ Ё

１７９８ ± ５３３ A１５９６ ± ２２９ �２６４０ ± １３１１ G３２９４ ± １２３２ 创
a‐b Means in a row having a common letter are not different( P ＞ ０ .０５)
Table 2 E f f ect o f v arious boron rates on the y ields o f nutrient requirements o f Centrosema pubescens in V P Boron rates .
Boron rates kg / hm２ 垐N kg / hm２ yP kg / hm２ jK kg / hm２ vCa kg / hm２ 晻S kg / hm２ bCu g / hm２ iZn g / hm２ bMn g / hm２ �

０( CK) ５３ E.９ １  .８b ２７ C.０ ８  .１B ３  .２b １２ A.６ab ４４ @.９ ３９６ m
０ ǐ.５５ ４７ E.９ ２  .６b ２２ C.３ ７  .０B ２  .６b ９  .６b ３３ @.５ ３４５ m
１ ǐ.１０ ６６ E.０ ４  .０ab ３７ C.０ １４ C.５B ３  .４b １５ A.８ab ５２ @.８ ５２８ m
１ ǐ.６５ ９５ E.５ ５  .９a ４２ C.８ ３６ C.２A ６  .９a ２３ A.１a ４９ @.４ ６２９ m
a‐b ,A‐B Means in a column having a common letter are not different( P ＞ ０ .０５ )
Conclusion With application of １ .６５ kg / hm２ of boron fertilizer , Centrosema pubescens performed not only the best in seed yieldbut also high yield of quality forage , supplying sufficiently nutrient requirements for livestock .
ReferencesForth H . D . T ranslators of Tang Y . X . , Tan S . W . , Zhang B . Q . et .al .( １９８４ ) . Fundamentals of soil science( ６th Edi . ,

１９７８) . Beijing : Agriculture press , pp .２３２‐２５７ ,２８３‐２９５ .Bao S . T . , ( ２０００) . Soil and agricultural chemistry analysis(３rd Edi .) . Beijing : Agricultural Press , pp .１１６‐１４９ , ２５７‐２８２ .
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Organic fertilization of Sorghum seeds for forage for use by monogastric and ruminant livestock
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Instituto de Investigaciones Porcinas ,Carretera del Guatao km 11/2 . Punta Brava . L a L isa . Ciudad H abana . Cuba . C .P
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Introduction The use of organic wastewater in agriculture to fertilize different crops is one of the more acceptable alternatives to
provide an environmentally safe way to dispose of these contamination sources . However is it very important to take intoaccount the optimal wastewater doses according to the international guidelines (Cairncross and Mara , １９９０) . The measurementof these parameters are done by chemical and microbiological analysis and also by using some indicator plants . In Cuba ,technical rules to regulate the use of swine wastewater in agriculture do not exist . The aim of this paper to was define theoptimal application rate of swine wastewater as organic fertilizer of a Sorghum bicolour UDG‐１１０ crop by means of a practicaland easy method in plastic bags .
Materials and methods The experiment was carried out in polythene plastic bags (２ kg capacity ) distributed in three treatments
( doses of swine effluent) , １０％ ( T１) , ２０％ ( T２) and ３０％ ( T３) w ith １０ replications each one in a randomized complete blockdesign . A no‐water or fertilizer control was included . ( C) . The organic fertilizer of the swine effluent comes off a fixed domeanaerobic biodigester of １５ m３ . Three seeds of Sorghum were planted in each bag to ５ cm deep . The dry matter (DM ) , organicmatter ( OM ) , N , P , K and pH of soil and effluent were measured at the beginning and also was analyzed the effluentmicrobiological composition . The heights of the plants were measured every ５ days over a total period of ３０ days . The chemicalanalyses were done following standard procedures of the Association of Official Analytical Chemists procedures and themicrobiological analyses . In the statistic study , all microbiological results were transformed to Log１０ ( x ＋ １ ) and analysis ofvariance were made according to Steel ( et al . , １９９７) .
Results and discussion T reatment ２ ( ２０ ％ of swine wastewater ) germinated faster than the rest of the treatments and thecontrol ( P ＜ ０ .０１ ) . The biomass at ３０ days and its chemical composition were higher for the treatment ２ , and similarperformance was evidenced for the altitude and number of leaves of this crop in this treatment , Table １ and ２ .

Table 1 Biomass weight to the 30 days . DM (g) .

Leavesweight Stemsweight Rootsweight SE ±

Control ４ ,０８ B３ ,４４ 3０ ,６３ $０ ,２３  
１０％ ３ ,８６ B３ ,２１ 3０ ,６４ $０ ,１９  
２０％ ５ ,９９ B５ ,２１ 3０ ,７８ $０ ,２１倡倡倡

３０％ ３ ,３８ B２ ,７２ 3０ ,６６ $０ ,１０  
倡 倡 倡 P ＜ ０ .００１

Table 2 Chemical composition o f the biomass f or each
treatment .
Indicators Control １０％ ２０％ ３０％ SE ±
DM １５ ,９４ t１４ ,９６  ２０ ,６４ z１５ ,０９ 珑１ ,０１ 倡

CZ ３５ ,０５ t３６ ,１８  ３５ ,５６ z３５ ,０１ 珑０ ,２３ &
pH ７ ,０１ F７ ,０６ 哌７ ,１  ７ ,０３ 构０ ,５８ &
N ０ ,７００ t０ ,７５０  ２ ,０８０ z０ ,４５０ 珑０ ,１６ 倡 倡

P ０ ,０６４ t０ ,０７０  ０ ,０９２ z０ ,０６１ 珑０ ,２８ 倡 倡

K ０ ,１９０ t０ ,２２０  ０ ,２９０ z０ ,２００ 珑０ ,２２ 倡

倡 P ＜ ０ .０５ 倡 倡 P ＜ ０ .０１

Conclusions The ２０％ of anaerobic effluent as organic fertilizer was the optimal dose to fertilize this cereal . With the application
of this method using plastic bags , it is possible to define the reliable limits of the use of residual organic as fertilizers in theagriculture , results obtained for other authors ( Chantaprasarn , ２００３) .
ReferencesCairncross , S . , Mara , D . , ( １９９０ ) . Directrices para el uso sin riesgos de aguas residuales y excretas en agricultura yacuicultura . Publicadas por la OMS en colaboraci n con el Programa de las Naciones Unidas para el Medio Ambiente .Ginebra .１８４‐２１０ .Chantaprasarn , B . , (２００３) . Measuring fertility of soils by the bio‐test method . Dairy Farming Promotion Organiz ation o f

Thailand (DPO) . MEKARN .
Stell , R .G . , Torrie , J .H . , Dickey , M . , (１９９７ ) . Principles procedures and statistics of . to approach biometrical . MacGraw‐Hill Book Company Incompany ( third edition) . New York , ６４３‐６６６ .
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The study of physico‐chemical characteristics of soil‐vegetation relationships in saliferous and
gypsiferous soils of winter rangelands in Eshtehard ( Iran)
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Introduction In order to integrate management of rangelands ecosystems , it is necessary to be aware of the relationship betweenenvironmental factors and plants in these ecosystems . Aridisols occupy vast ex tension of rangelands in arid and semi‐aridregions of Iran . Scattered vegetation cover is representative of special physico‐chemical characteristics in these soils . The aim ofthe present study was to identify gypsophyte and halophyte plants and investigate plant distribution related to physico‐chemicalcharacteristics of soils in Eshtehard winter rangelands .
Materials and methods The study area is located in the east of Eshtehard ( ３５° ３８′ N , ５０°１３′ E to ３５°３４′ N , ５０°３３′ E) . Themean elevation of the region is １２５０ m and the Shour river passes across this plain . Vegetation sampling was conducted in thekey area based on a randomized‐systematic pattern . Vegetation data included canopy cover and density percentage , estimatedquantitatively along transect within each quadrat . The four main plant types were Halocnemum strobilaceum‐Salsola crassa ,
H ap lophy llum glaberrimum‐Seidlitz ia rosmarinus , H ap lophy llum glaber rimum , and Tamarix sp .‐Nitraria schober . , Thesoil profiles excavated and disturbed soil samples were collected . Based on the standard methods , physico‐chemeicalcharacteristics including soil texture , electrical conductivity in saturated extract soil reaction , organic carbon content , gypsumand equivalent calcium carbonate percentage , soluble anions and cations were determined . Multivariate method of principalcomponent analysis ( PCA) was used to analyze the collected data .
Results According to Figure １ , the first two principal components accounted for ８５ .８３％ of the total variance in data set .Therefore , ５５ .６２％ and ３０ .２１％ variance were accounted for by the first and second principal components , respectively . Thismeans that the first principal component is by far the most important for representing the variation of the four vegetation types .Results showed that the vegetation distribution pattern was mainly related to soil characteristics such as salinity , tex ture ,chloride , soil reaction , gypsum and gravel percentage .

Figure 1 PCA‐ordination diagram o f the vegetation ty pes related to the env ironmental f actors in the study area .

Conclusion Since PCA method show high accuracy and have different abilities , it could be used for habitat analysis anddetermination of effective ecological factors in winter and desert rangelands .
ReferencesUSDA( ２００４) Soil Survey Labrotoary Methods and Precedures for Collecting Soil Samples .Jafari .M , Zare chahouki M .A ,Tavili .A , Azarnivand .H , Zahedi Amiri .GH ( ２００４ ) Effective environment factors in thedistribution of vegetation types in Poshtkouh Rengelands of Yazd Province ( Iran) , [ J] . A rid Env ironments , ５６ : ６２７‐６４１ .
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Effects of soil pH and Fe2 ＋ content on growth and physiology of alfalfa
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Introduction Soils in the wet tropics contain high levels of iron that are toxic to alfalfa plants . The soils affected by iron toxicityare characterized by high iron concentration in the soil solution and low pH ( Pathirana , ２００２ ) . High concentration of water‐soluble Fe２ ＋ results in grow th retardation or even death of alfalfa plants . In addition to high levels of iron , these soils also havea low pH which leads to damages of root grow th and rhizobium development , as well as deficiencies of other nutrients such asP and Ca , which results in severe yield losses .
Materials and methods Seeds of WL５２５ were sown in ４０ plastic pots with the size of ２０ cm‐diameter and ２０ cm‐height for eachpot . The medium for seedling in the pots were the mixture of sand and FeSO４ . The contents of FeSO４ in the mediums were fivelevels , which were １０mg / kg ,５０mg/ kg ,１００mg/ kg ,１５０mg/ kg and ２００mg/ kg . Each FeSO４ level had eight pots . The pH of themediums were adjusted to two levels of pH４ .５ and pH６ .０ by the way of placing each pot into plates containing modified １ /
４Hogland nutrient with pH ＝ ４ .５ and pH ＝ ６ .０ until the Hogland nutrient over ３ ～ ５mm of soil surface in each pot . Theadjusted pH work did one time every week . Each treatment has four repeats .

　 　 Figure 1 Changes o f rhizobium number , seedling number , shoot
weight , root weight and shoot height on di f f erent p H and Fe2 ＋
contents .

Results The rhizobium number , seedlingnumber , shoot weight , root weight and shootheight were higher in pH６ .０ than pH４ .５ underthe treatments of Fe２ ＋ contents between １００mg/ kg and １５０ mg/ kg af ter ４０d grow th . Butthey were lower in pH６ .０ than pH４ .５ amongFe２ ＋ treatments of １０ mg / kg , ５０ mg / kg and
２００ mg/ kg , except for rhizobium number . Withthe increase of Fe２ ＋ content in medium , therhizobium number , seedling number , and shootweight significantly decreased ( p ＜ ０ .０５ ) inpH４ .５ , but the root weight and shoot heightincreased to highest value at Fe２ ＋ content of １００mg/ kg and ５０ mg / kg , respectively . There wereno significantly difference ( p ＞ ０ .０５ ) aboutseedling number , shoot weight and shoot heightamong the Fe２ ＋ contents of １０ mg / kg to １００mg/ kg in pH６ .０ , but were significantly higher( p ＞ ０ .０５ ) than １５０ mg / kg and ２００ mg / kg .The rhizobium number significantly decreased
( p ＞ ０ .０５) w ith the increase of Fe２ ＋ contents inpH６ . ０ , while shoot weight significantlyincreased ( p ＞ ０畅０５) to highest value until Fe２ ＋content of １００ mg/ kg , then significantlydecreased ( p ＞ ０ .０５ ) .
Conclusions When the Fe２ ＋ content of soil wereless than ５０ mg / kg , the grow th of alfalfa didnot restricted by Fe２ ＋ and lower pH , but the
grow th of alfalfa were significantly restrictedwhen the Fe２ ＋ content was over １００ mg/ kg in
pH４ .５ , and over １５０ mg / kg in pH６ .０ . Thesignificantly decreased rhizobium number in
pH４ .５ may contribute to the yield losses ofalfalfa in lower pH of native soil .
ReferencePathirana , R . , Wijithawarna , W .A . , Jagoda , K . & Ranawaka , A .L . , ( ２００２ ) . Selection of rice for iron toxicity tolerancethrough irradiated caryopsis culture . Plant Cell , T issue and Organ Culture , ７０ ,８３‐９０ .
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Chemical composition of Panicummaximum planted with different manure sources
A rigbede , O . M . , Olanite , J . A . , Jolaosho , A . O . , Oni f ade , O . S . A nele , U . Y . and Amole , A . O .
Department o f Pasture and Range Management , College o f A nimal Science and L ivestock Production ,University o f
A griculture , P . M . B . ２２４０ ,A beokuta Ogun State , N igeria . E‐mail : arigbede２００２ ＠ yahoo .com
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Introduction Factors such as species , season , spacing and fertilization among others have been identified as major factorsaffecting the nutrient content of forage grasses ( Aken摧Ova and Chedda , １９８５) . It is believed that careful manipulation of someof these factors could improve the nutritive quality of the grasses . Guinea grass ( Panicum maximum) is a major feed resourcefor the Nomadic Fulani cattle during their migration in search of green feed to the southern part of Nigeria during the dryseason . Adegbola ( et al . ,１９８０) reported that ruminant animals showed good acceptance , high intake and good digestion of thegrass .
Materials and methods Panicum max imum local ( Pm Local) and P . max imum Ntchisi ( Pm Ntchisi) were established throughcrown splits at a spacing of １ × ０ .５ m２ in June ２００２ in a １ .５ ha paddock . The paddock was divided into six (０ .２５ ha each) plotsand each was well fenced with sheep wire at the University of Agriculture , Abeokuta Teaching and Research farm . The six
plots were divided into three sub‐plots for the two grass species . Two plots for each species were fertilized with urea (１５０ kg /ha) and caged layer droppings (２５０ kg / ha) respectively and the third plot lef t as unfertilized control . Foliages were harvestedfrom each of the six plots at ４ weeks af ter fertilization separately by cutting them back to １０ cm above ground level . Freshsamples were taken from each plot , weighed and transferred to drying cabinet at ６５ ℃ for drying over ３ days . This was used tocalculate the DM content of the samples . The dried samples were milled in hammer mill with １ .０ mm sieve and used for
proximate ( A . O . A . C . , １９９５) and fibre ( Goering and VanSoest , １９７０) analysis .
Results and discussion As shown in Table １ , there were reductions in the DM content of fertilized than unfertilized P .max imumstands though , the differences were not significant ( P ＞ ０畅０５) . However , manure and urea fertilization significantly increasedthe nitrogen content of the grass over the unfertilized control . There was no significant difference ( P ＞ ０畅０５ ) between theeffects of urea and caged layer droppings treatment in EE , Ash and NFE contents . Fiber parameters were significantly reduced
( P ＜ ０畅０５) due to manure additions . The values of NDF ranged between ４０畅６０％ ‐４３畅０８％ in unfertilized PM to between ３６ .
２０％ ‐３９ .４０％ in fertilized samples . Also ADF was reduced significantly ( P ＜ ０ .０５) f rom between ３４畅６０％ ‐３６畅０５％ to a rangeof ２４畅６６％ ‐３０畅４０％ . ADL content was not affected by manure additions . The crude protein content of P . max imum obtainedin this study fell within the range of ４％ ‐１４％ reported by Butterworth (１９８５) and a range of １４ .４％ ‐１６ .９％ reported for NPKfertilized P . max imum ( Olanite et al . ２００６) . In contrary to most reports , CP content of both local and Ntchisi varieties of PMwere similar . With CP content above ８ .０％ , fertilized PM could supply extra nutrients for optimum performance of ruminantanimals . The fiber fractions viz NDF , ADF and lignin as reported in this study were lower than values reported elsewhere( Olanite et al . , ２００６ ; Butterworth , １９８５ ) , this could be due to the age at which the grass was cut .
Table 1 Prox imate and f ibre composition o f Panicum maximum under di f f erent manure f ertiliz ation .

Parameter Unfertilized Urea fertilized Caged layer droppings fertilizedPM Local PM Ntchisi PM Local PM Ntchisi PM Local PM NtchisiDry matter １４  .１ ± ０ .２１ １５ 热.８ ± ０ .６０ １２ 厖.９ ± ０ .１１ １２ B.６ ± ０ .５０ １３ �.５ ± ０ .５５ １３ 技.０ ± ０ .６０Crude protein １２  .１ ± ０ .３５b １２ 热.４ ± １ .０２b １６ 厖.１ ± ０ .２２a １５ B.６ ± １ .０２a １６ �.８ ± ０ .５０a １６ 技.３ ± １ .０２aEther Extract ２ 苘.４ ± ０ .１８ １ 殮.６ ± ０ .２５ ２ W.８ ± ０ .２０ ３  .１ ± ０ .６０ ２ 蜒.５ ± ０ .４４ ２ 帋.８ ± ０ .２５Ash １４  .６ ± ０ .１０ １３ 热.２ ± ０ .３０ １２ 厖.９ ± １ .１０ １４ B.２ ± ０ .３０ １２ �.６ ± ０ .８７ １３ 技.９ ± ０ .６０NFE ２８  .４ ± ０ .２５ ２５ 热.９ ± ０ .１４ ２７ 厖.７ ± １ .２０ ２５ B.６ ± ０ .６６ ２６ �.５ ± ０ .４５ ２６ 技.１ ± ０ .６４NDF ４３  .１ ± １ .６２a ４０ 热.６ ± １ .０５ab ３９ 厖.４ ± １ .０２b ３６ B.２ ± １ .０５b ３８ �.９ ± １ .１５b ３８ 技.４ ± １ .４１bADF ３６  .１ ± ０ .８８a ３４ 热.６ ± １ .０４a ２４ 厖.７ ± １ .２５c ３０ B.４ ± ０ .８６b ２８ �.９ ± ０ .５０b ２９ 技.６ ± １ .０５bLignin １４  .８ ± ０ .４１ １４ 热.５ ± １ .２５ １１ 厖.５ ± ０ .５０ １４ B.１ ± ０ .２０ １４ �.３ ± ０ .５５ １４ 技.２ ± ０ .３０
Conclusion With adequate manuring and short cutting intervals of about ４ weeks , optimum nutrient contents with high crude
protein and low fibre are expected from both local and Ntchisi varieties of P . max imum .

ReferencesAdegbola , T . A . , Adeleye , A . A . and Ola , Y . I . , (１９８０ ) . Energy requirements of young ewes fed with guinea grass ( P .
max imum ) . N igerian Journal o f A nimal Production ７ (２) , ２２０‐２２５ .Aken摧 Ova , M .E and Chheda , H . R . , ( １９８５ ) . Effect of cutting intervals and cutting height on the dry matter yield andquality of Pennisetum hybrids . Nigerian A gricultural Journal １９ , ７５‐８７ .Olanite , J . A . , Arigbede , O . M . , Jolaosho , A . O . , Onifade , O . S . and Alabi , B . O . , (２００６) . Effect of cutting intervalson the dry matter yield and nutritive quality of two varieties of P . max imum in the humid zone of Nigeria . A SSET Series
A . ６ (１) , １７１‐１８０ .
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Critical plant and leaf N concentrations of an ageing timothy sward
G . Bélanger and G . F . T remblay
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Introduction Quantifying the level of N nutrition of grass swards requires the definition of a critical concentration , that is theminimum N concentration required to achieve maximum shoot grow th . The critical plant N concentration [ Nc ; g kg‐１ dry matter( DM ) ] of a tall fescue sward was first defined as a function of shoot biomass ( SB ; t DM ha‐１ ) ( Nc ＝ ４８ .０ × SB‐０ .３２ ) by Lemaireand Salette (１９８４) ; this was later validated for timothy by B langer and Richards ( １９９７ ) . The N nutrition index ( NNI) iscalculated by dividing the observed N concentration by Nc . The NNI was then successfully related to the leaf N concentration ofthe upper sward layer [ Leaf N ＝ ４ .０ ＋ ( ３７ .９ × NNI) ; Gastal et al . , ２００１ ) ] , hence making it possible to establish the Nnutrition index by simply analyzing leaf N concentration . These models of critical plant and leaf N concentrations weredetermined on young swards ( ＜ ３ years) . Our objective was to determine the critical plant and leaf N concentrations of oldertimothy ( Phleum p ratense L .) swards .
Materials and methods Timothy ( cv . Champ) was sown in １９９８ at L vis , QC , Canada (４６°４７′N , ７１°０７′W) . The experimentincluded four rates of N fertilizer ( ０ , ６０ , １２０ , and １８０ kg N ha‐１ ) applied each year prior to the start of grow th in the firstweek of May from １９９９ to ２００６ . Timothy was harvested at four developmental stages ( stem elongation , early heading , lateheading , and early flowering ) during spring grow th . In the last three years (２００４ , ２００５ , and ２００６) , DM yield was measuredand ２０ last fully emerged leaf blades were taken in each plot of this replicated experiement . Dried and ground samples of wholeplants and leaves were used for the determination of N concentration .
Results Data points for which there was no significant yield increase with a higher rate of N fertilization were below the criticalN curve previously validated for young timothy swards ( Figure １ ) . This critical N curve could not describe non limiting Nconditions of this ageing (６‐８ years old) timothy sward . A new critical N curve ( Nc ＝ ３９ .２ × SB‐０ .３６ ) was then developed forolder swards ( Figure １) . The N concentration of the last fully emerged leaf blades was strongly related to NNI derived from thenew critical N curve [ Leaf N ＝ １２ .２９ ＋ (２１ .１２ × NNI) ; Figure ２] . This confirms previously reported results on ryegrass andtall fescue ( Gastal et al . , ２００１) .

Figure 1 Shoot N concentration as a f unction o f
shoot biomass o f a 6‐8 years old timothy sward .
Dash line rep resents the critical N curve o f
Lemaire and Salette(1984) .

　

Figure 2 Nitrogen concentration o f the lastly f ully
emerged lea f blades as a f unction o f the N
nutrition index ( N N I ) o f a 6‐8 year old timothy
sw ard .

Conclusions A new critical N curve was developed for older (６‐８ years old) timothy swards and the N concentration of the lastfully emerged timothy leaf was a good indicator of the level of N nutrition of timothy .
ReferencesBélanger ,G . ,Richards ,J .E . (１９９７) . Grow th analysis of timothy grown with varying N nutrition . Can . [ J] . Plant Sci . ７７ ,
３７３‐３８０ .Gastal , F . , Farrugia , A . , Hacquet , J . (２００１ ) . The nitrogen nutrition index of grass can be evaluated through determinationof N concentration of upper leaves . Proc . o f the １１ th N itrogen Workshop , Reims , France , pp . ４４９‐４５０ .Lemaire , G . , Salette , J . ( １９８４ ) . Relation entre dynamique de croissance et dynamique de prélèvement d摧azote pour unpeuplement de graminées fourragères . I . 橈 tude de l摧effet du milieu . A gronomie ４ , ４２３‐４３０ .
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Effect of nitrogen fertilization and cutting management on the chemical composition of Panicum
maximum Jacq in West Cameroon
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University o f Dschang . P .O .Box . : ２２２ Dschang , Cameroon ,E‐mail : pamo ＿ te＠ yahoo .f r
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Introduction Ruminants摧 feeding in Cameroon is essentially based on the natural pasture . Nutrient content of grazing land foragevaries as the growing season progress and can be influenced by soil qualities and the management strategies . In highly populatedareas crop expansion reduce the extent of grassland , thereby jeopardizing the potential of ruminant to satisfy their need formaintenance and production ( Pamo et al . , ２００６) . The only alternative left for livestock producer , is forage cropping and soundmanagement strategies . The main objective of this study was to evaluate the effect of nitrogen fertilisation and the cuttingmanagement on the chemical composition of Panicum maximum in West Cameroon .
Materials and methods The study was carried out at the Animal Experimental Farm of Dschang University from March ２００６ toJanuary ２００７ . Rainfall in this zone varies between １５００ and ２０００ mm . The soil is classified as ferralitic , relatively acidic ( pH
＝ ５ .７) and rich in organic matter . A ３ × ３ factorial design with ３ doses ( ０ , ６０ , ８０ kg / ha ) of nitrogen in the form ofAmmonium Sulphate at ２１％ N and ３ cutting frequencies ( F１ ＝ ３０ days , F２ ＝ ４５ days , F３ ＝ ６０ days) at a height of ２０ cm in ３replicates was used . Seventy ( ７０) tillers of P . max imum bearing one to two tali were planted on each plot , on the ７th April
２００６ at a depth of about ４ cm , with a spacing of ２５ cm by ２５ cm . A single dose (１００ kg / ha) of simple super phosphate at ２１％P was applied in all plots . The ammonium sulphate was fractioned in two parts . The first one‐third was applied in equalquantity one month af ter planting . The remaining two‐thirds were divided in function of the number of cuts to be doneexcluding the last one . Two months af ter planting , the plots were zero timed at ２０ cm above the soil and the harvest ofregrow ths started one month later and varied according to cutting management . Five hundred grams (５００ g ) sample were takenand oven dried at ６０ ℃ till a constant weight was obtained and grinded for chemical composition using the A .O .A .C ( １９９０ )procedure . Two factors analysis of variance was carried out on the data and significant differences among treatments were testedwith Duncan摧s multiple range tests .
Results and discussion Nitrogen fertilization had no significant effect on CP , CF , Ash and OM content of Panicum maximum( Tables １) .Cutting management had significant effect on the chemical composition of P . max imum . Taye ( et al . , ２００７ )obtained similar results , showing that cutting management significantly affects the nutritive value of forages . Nutritive valuegenerally decreases as harvest interval increases ( Maass et al . , １９９６ ) . The CP content particularly decreased as cuttingmanagement increased . These results tie with those of Crowder and Chheda ( １９８２ ) which showed that the CP of Panicumdecreased with the age of the plant .
Table 1 Mean CP , CF , A sh and OM content o f Panicum maximum at di f f erent cutting f requencies and levels o f N
f ertilisation .

N
(kg/ ha)

Cutting
management (days)

Chemical composition ( ％ DM)
CP CF Ash OM

F１ : ３０ f１５ 北.１４ ± ２ .２２a ３３ 沣.２５ ± ２ .０４a １３  .６６ ± ０ .９８a ８６ G.３４ ± ０ .９８a
０  F２ : ４５ f１４ 北.０９ ± １ .６５a ３４ 沣.４１ ± １ .６５a １４  .２６ ± ０ .８０a ８５ G.７４ ± ０ .８０a

F３ : ６０ f１２ 北.１４ ± ２ .５１a ３３ 沣.９１ ± １ .９０a １５  .３２ ± ２ .０３a ８４ G.６８ ± ２ .０３a
F１ : ３０ f１５ 北.２０ ± ２ .５８a ３３ 沣.１４ ± １ .２３a １３  .８１ ± ０ .８５a ８６ G.１９ ± ０ .８５a

６０  F２ : ４５ f１３ 北.４６ ± ２ .９０a ３３ 沣.０７ ± ０ .８９a １３  .８８ ± ０ .３０a ８６ G.１２ ± ０ .３０a
F３ : ６０ f１１ 北.５８ ± ２ .０９a ４３ 沣.２２ ± １４ .１０a １３  .２１ ± ０ .８１a ８６ G.７９ ± ０ .８１a
F１ : ３０ f１５ 北.５３ ± ３ .０１a ３２ 沣.９９ ± １ .３２a １３  .３４ ± ０ .９１a ８６ G.６６ ± ０ .９１a

８０  F２ : ４５ f１２ 北.５７ ± ３ .３６a ３２ 沣.９４ ± １ .６２a １３  .５５ ± ０ .４１a ８６ G.４５ ± ０ .４１a
F３ : ６０ f１１ 北.８０ ± ２ .４１a ３４ 沣.５１ ± ３ .１５a １４  .０９ ± １ .８５a ８５ G.９１ ± １ .８５a

Means in the same line with the same letters are not significantly different p ＞ ０ .０５ .
Conclusions Nitrogen fertilization had no significant effect on the chemical composition of P . max imum . Cutting managementsignificantly affected the chemical composition of P . max imum , with the ３０ days cutting management giving the best chemicalcomposition .
ReferencesCrowder , L .V . and H .R . Chheda . (１９８２) . T rop ical G rassland H usbandry . Longman Inc . New York , pp .２４‐４２４ .Maass , B . L . , Schultze‐Kraft , R . and Argel .P . J . (１９９６) . Revisión de la evaluacion agronomica de especes arbustivas . En :Pizarro , E . A . y coradin , L . ( eds .) . Potencial de cratylia como leguminosa forrajera . EMBRAPA , Cenargen , CPAC &CIAT , Memorias del taller sobre Cratylia , １９‐２０ Julio １９９５ , Brasilia , Brasil , pp . １０７‐１１４ .
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Effect of liming and mineral fertilisation on soil properties and long‐term sward agrocoenosis
productivity
R . Butkute
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Introduction Long‐term mowed sward ecosystems are the least affected anthropogenicaly . Soil under sward ecosystems is nottilled and the influence of agricultural implements is only superficial . Mineral fertilisers not only increase the productivity ofsward phytocenosis (Daugeliene , ２００２ ; Butkuviene , Butkute , ２００４) , but also result in changes of soil chemical properties andbiogenic elements migration to deeper soil layers (Daugeliene ,２００２ ; Gutauskas , Slepetiene , ２００２ ) . Little information has beenavailable in Lithuania so far on the processes which occur in sward ecosystem soils and influence soil chemical indicators underfertilisation with natural substances . Considerable attention has to be paid to : ( １ ) the amounts of biogenic elements , whichinfluence soil chemical properties ; (２ ) the productivity of sward phytocenosis .
Materials and methods Soil chemical indices were determined on １２‐１４ years of used sward agroecosystem situated in WesternLithuania . The soil was Hap lic‐Luv isol ( LV h) , medium on light loam . Two soil pHKCl levels : ５ .１‐５ .５ ; ６ .６‐７ .０ and twofertilisation backgrounds : P６０ K６０ and N１２０ P６０ K６０ were formed by liming and fertilisation . Two different sward types hadformed : １) white clover ( T ri f olium repens L .) ＋ meadow‐grass ( Poa p ratensis L .) sward‐when fertilising with P６０ K６０ and(２) uniform meadow‐grass ( Poa p ratensis L .) sward － fertilising with N１２０ P６０ K６０ . Applied fertilisers : ammonium nitrate ,bonemeal and potassium magnesium . Samples for soil chemical characteristics were taken from the upper ０ ～ １０ cm depthannually after grasses vegetation has finished . Soil samples were analysed using the following methods : pHKCl ionometrically ;Ntotal by Kjeldal method ; mobile P２O５ , K２O , Ca and Mg by Egner‐Riem‐Domingo ( A‐L) method . Permanent grass dry matter(DM ) yield of three cuts was determined .
Results and discussion The data from Table １ shows that amounts of mobile Ca and Mg accumulated in the soil were the highestof all considered biogenic elements . Amounts of Ca in the soil with different pHKCl levels differed by ２畅３‐３畅０ , Mg‐by １ .６‐１ .９times . It was determined by liming . The amounts of all considered elements in ５ .１‐５ .５ pHKCl soil were similar under bothfertilisation cases . However , in soil limed to ６ .６‐７ .０ pHKCl lower amounts of mobile P , K and Mg were determined in N１２０ P６０K６０ background . ６ .６‐７ .０ soil pHKCl is more suitable for grasses grow th , the availability of nutrients is better ; therefore , theobserved differences occurred .
However the standpoint to agriculture would change , meadow yields still remain the main farming outcome . Even after １２‐１４years , liming affected DM yield , but only on meadow fertilised with P６０K６０ （DM yield higher by ２２％ ) . When balanced NPKrates were applied , DM yield was similar ( difference only ３％ ) on both meadows arranged on ５ .１‐５ .５ and ６ .６‐７ .０ pHKCl soil .Meadow was less productive under P６０K６０ fertilisation than under N１２０ P６０K６０ . The study showed that N fertilisation still is thekey factor providing higher DM yields .
Table 1 E f f ect o f liming and f ertilisation on biogenic element amounts in the soil and grass DM yield , 2003‐2006 .
Soil pHKCl Ntotal , ％ P２O５ , mg kg‐１ K２O , mg kg‐１ Ca , mg kg‐１ Mg , mg kg‐１ DM yield , t ha‐１
P６０K６０

５ ǐ.１‐５ .５ ０ h.１４ ± ０ .０１ ９５ ± １８  １４２ ± ５ 缮１５８４ ± ６３ 忖１８４ ± １１ q２  .６４ ± ０ .３３
６ ǐ.６‐７ .０ ０ h.１５ ± ０ .０１ １４５ ± １４ :１５７ ± １４ 鼢４７６５ ± １４５  ３５８ ± ２７ q３  .２３ ± ０ .４６
N１２０ P６０K６０

５ ǐ.１‐５ .５ ０ h.１４ ± ０ .００ １０７ ± ２６ :１４６ ± １０ 鼢２０９４ ± １２５  ２００ ± ２３ q４  .８４ ± ０ .６１
６ ǐ.６‐７ .０ ０ h.１５ ± ０ .０２ １２９ ± １４ :１３３ ± １０ 鼢４７６０ ± ３２８  ３１３ ± ３３ q４  .９８ ± ０ .７２
Conclusions Comparing the amounts of biogenic elements the present study showed , that ～ ３０％ of legumes in meadow on soiladjusted to ６ .６‐７ .０ pHKCl and fertilised with P６０ K６０ can substitute N１２０ rate . However , application of balanced rates of NPKfertilisers provides comparatively higher DM yield . Liming significantly improved soil chemical properties , nutrient availabilityin all cases and DM yield of meadow fertilised with P６０K６０ .
ReferencesButkuviene E . , Butkute R . ( ２００４ ) . Effect of different surface improvement measures on yield and quality of pastures inLithuania , Grassland Science in Europe , ９ , ５５６‐５５８ .Daugeliene N . (２００２) Grassland management on acid soils , Arx‐Baltica , Kaunas , ２６１ pp . ( in Lithuanian) .Gutauskas J . , Slepetiene A . ( ２００２ ) . Effect of long‐term PK fertilisation of pasture on soil chemical properties , Grassland

Science in Europe , ７ , ６８８‐６８９ .
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Effect of sod‐production on soil qualities in Beijing areas
Jianyu Cui , K angguo Mu , Y aj ia L iu , L in Hu 倡 and Fusuo Zhang
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Abstract Two sod‐production farms were investigated to make it clear how sod production effects on soil quality . The resultsshowed that the soil chemical property had not been influenced by sod‐production . From the observation of soil profile , about
１０cm fertile topsoil was taken away by ７ years sod‐production on Dongbeiwang Nursery . Compared with the control , the bulkdensity of topsoil was increased and the porosity was decreased on both nurseries . It means the topsoil in the production of sodbecame compact , which was mainly caused by rolling . The results of particle size distribution showed that sod‐production hadno effect on the improvement of soil structure .
Introduction Sod is a common material for turf establishment . The fast development of sod production has been taken place inBeijing Areas since １９９０ . There are about ２００ sod farms covering about ２５０ hectares . With the coming of ２００８ OlympicGames , about ８０％ of turf is established by sod in Beijing now . In order to evaluate the effect of sod‐production on soil quality ,two typical sod farms in Beijing Areas were investigated to compare the soil physical and chemical properties with other farms .
Materials and methods Dongbeiwang Nursery (DN) and Changping Xiaotangshan Nursery (CXN) were investigated . These hadbeen in sod‐production for Seven years and two years , respectively . The representative soil samples were collected for analysisof soil chemical and soil physical properties . Soil profiles were evaluated on two nurseries .
Results and discussion The soil pH was ８ .３８‐８ .５７ . The results of organic matter , soil available nutrients and cationexchangeable capacity ( CEC) showed that there was no significant difference between sod plots and tree plots ( as Control) ontwo nurseries . The description of soil profiles on DN was shown in Table １ . About １０cm fertile topsoil was taken away by ７
years sod‐production on DN and no difference was observed on CXN . Compared with control , the bulk density of topsoil wasincreased and the porosity was decreased on two nurseries ( Table ２) . The significant difference was observed on DN . It meansthe topsoil in the production of sod became compact , which was mainly caused by rolling . The results of particle sizedistribution showed that sod‐production had no effect on the improvement of soil structure . To make comprehend‐sive andaccurate evaluation , further research should be done , such as the change of soil microbe in sod‐production .

Table 1 Description o f soil p ro f iles (0‐50cm) on Dongbeiwang Nursery .
Site Soil Layer( cm) Description of soil characteristics
Sod Plot ０ － １５ "Dark Brown , Light Loam , More Roots
(７years) １５ － ２５ 4Brown , Light Loam , Fewer roots

２５ － ５０ 4Yellow Brown , Medium Loam , Very Few Roots
T ree Plot ０ － ３５ "Brown , Light Loam , More Roots
( Control) ３５ － ５０ 4Yellow , Medium Loam , Fewer Roots

Table 2 Bulk density and total porosity o f topsoil (0‐20cm) on two nurseries .
Site Bulk Density

( g / cm３ )
TotalPorosity( ％ )

DN Sod Plot (７years) １ 弿.６６ ± ０ .０９a 倡 ３６ 煙.９ ± ３ .４b
Tree Plot ( Control) １ 弿.４２ ± ０ .０６b ４６ 煙.０ ± ２ .５a

CXN Sod Plot (２years) １ 弿.６０ ± ０ .０６a ３８ 煙.４ ± ２ .２a
Tree Plot ( Control) １ 弿.５２ ± ０ .０７a ４１ 煙.７ ± ２ .９a

倡 Note :Different letters in the same row indicate significantly difference at p ＜ ０ .０５ .

AcknowledgmentsThis research was supported by the Oregon Seed Council , USA .
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Response of spatial distribution of phosphorus in soil to wetlands restoration in Yellow River
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Introduction Phosphorus can notably influence the productivity and reflect the level of nutrition in wetland .The contents of
phosphorous were influenced by many factors such as soil depth , submerging conditions , salt contents and other nutrients( Guo , ２０００) , and reversely influenced the salinity and the distribution of other nutritive elements . Phosphorous was alsoconcerned as one of the major elements related to degeneration of wetland ecosystems ( Kuo , ２００５ ) . In order to clarify theresponse of spatial distribution of phosphorus to the restoration of wetlands , the different spatial distributions of phosphorus insoil profiles before and after recovery were studied in this paper mainly .
Materials and methods This study was conducted at Yellow River Delta ( YRD , ３７°３５′ to ３８°１２′N , １１８°３３′to １１９°２０′) ,which islocated on the west coast of Bohai Sea , Shandong province . In May and June of ２００５ , ８ sampling sites were selected both inrestored site and the control site . Soil profiles were stratified for sampling at intervals in a total of ７０cm depth as follows : ０‐
１０cm , １０‐２０cm , ２０‐４０cm , ４０‐７０cm . The soil sample were randomly collected from ５ spots according to their depth in eachsample plot and mixed well . All soil samples were analyzed by using standard methods .
Results and discussion The contents of phosphorus were comparatively low in both regions (０ .３５６‐０ .６９１g / kg ) . The phosphoruscontents in restored iste were higher , while the variation in the control site was larger . The phosphorus contents in surface soilwere obviously lower than other layers . Among soil profiles , the significant variation was observed on the middle layer soil ,while no significant difference was found on other layer soil g . After restoration , the surface soil was submerged under water ,this inundation enhanced the leach of phoshorus . Af ter inundation , the pH values and Fe contents in soil profiles increased .Those increases resulted in the increased fixation of soil , leading to decreased release and validity of phosphorus . This is whythe phosphorus contents of in the underground layer soil ( １０‐２０cm , ２０‐４０cm) from restored site were slightly higher than thecontrol . The correlation analysis among total P , pH , salt content and soil moisture in both sites showed that the contents of
phosphorus had positive correlation with pH and negative correlations with both salt content and soil moisture .
Conclusion The results obtained from this study that contents of phosphorus were higher and more stable in submergingcondition confirm that wetlands restoration can enhance the leaching process of rainwater or surface pond water , increase soilfixation , lower the release and depress the validity of phosphorus . Wetlands restoration is the accumulation of phosphorus .
Acknowledgement This study is financially supported by national basic research program ( No .２００６CB２４０３３００) .
ReferencesGuo F , Yost R S , Hue N V , Evensen C I et al .Changes in phosphorus fractions in soils under intensive plant grow th[ J] .Soil

Science Society o f America Journal ,２０００ ,６４ :１６８１‐１６８９ .Kuo S , Huang B , Bembenek R .Effects of long‐term phosphorus fertilization and winter cover cropping on soil phosphorustransformations in less weathered soil .Biology and Fertility o f Soils , ２００５ , ４１ (２ ) :１１６‐１２３ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]377　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Soil Quality and Plant Nutrition

Biological ways to improve the production of forage pea for use in the animal feed industry
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Introduction In grassland farming relatively large amounts of chemical fertilizers are applied . It is clear that the situation couldbe largely improved if the use of chemicals would be replaced by environmentally friendly biologicals together with leguminous
plants ( Lugtenberg et al . , ２００４) . Legumes such as pea can supply not only a good source of protein for livestock , but can alsoprovide a cheap source of nitrogen to support grass production , and improve soil organic matter through decaying nodules( Lascano , ２００１) . The objectives of this work was to monitor the effect of inoculation of soybean and peas with Rhizobium andnitrogen fixing bacterial strains , so as to find and develop the most effective bacterial fertilizers for growing peas under nutrientdeficient salinated soil of Uzbekistan .
Material and methods Experiments were carried out in arable fields of Tashkent province , north‐eastern part of Uzbekistan ,characterised by a calcareous serozem soil (１ ％ organic matter ; ０ .６ mg N １００ g‐１ soil ; ３ .０ mg P １００ g ‐１ ; １２ mg K １００ g‐１ ; ６mg Mg １００ g‐１ soil ; pH ７ .４ ) . Pea ( Pisum sativ ium ) seeds and bacterial strains Pseudomonas alcaligenes １５ , and Rhizobium
meliloti ３９ were used for this study . The bacteria were formulated with peat and seeds were inoculated with bacterialinoculants . Plants were grown in open field conditions with a temperature of ３６ ℃ to ３８ ℃ during the day and ２０ ℃ to ２４ ℃ atnight . Five weeks af ter germination , shoots and roots were separated and dried at １０５ ℃ before determining the root and shootdry weight and N , P , K content of plant . The data were analysed with an ANOVA and Student‐Newman‐Keuls test for testingthe significant differences ( p ＜ ０ .０５ ) of main effects .
Results The results showed that bacterial inoculants Pseudomonas alcaligenes １５ , and Rhizobium meliloti ３９ increased shootand root dry matter of pea significantly from ２８％ to ３８％ as compared to the control . Shoot grow th increased more than root
grow th . This increase in biomass translated into significantly higher N , P , and K contents ( Table １) . They increased N up toK and P uptake significantly . The bacterial strains were capable of fixing atmospheric N , and were able produce auxin .
Table 1 The in f luence o f e f f ective bacteria strains on root and shoot nutrient up take o f pea on a calcisol ( pot ex periment ,
mean and standard dev iation o f 6 rep licas per treatment , control ＝ 0 .0268 N mg/ shoot , 0 .0076 N mg/ root ; 0 .0021 P mg/
shoot , 0 .0007P mg / root ; 0 .0194 K mg/ shoot , 0 .0046 K mg/ root (100％ ) ) .

Bacterial Strains N P K
Shoot Root Shoot Root Shoot Root

Control
P . alcaligenes ５
Rhizobium meliloti ３９LSD ＜ ０ 佑.０５

１００

(０ ,００８２) １
１１２

１１４
倡

１２ ＃

１００

(０ ,００６７) １
１３２

倡

１１５
倡

１５ &

１００

(０ ,００１９) １
１２９

倡

１２９
倡

１４ ┅

１００

(０ ,０２８３) １
１２６

倡

１０９
倡

１４ +

１００

(０ ,０２２５) １
１１１

１１０

１２ �

１００

(０ ,０３１１) １
１１８

倡

１１０

１４ 1
１ g / potSignificantly different from the control for P ＜ ０ .０５ .
Conclusion The results obtained in our work can have potential applications of bacterial inoculants as bio fertiliser for increasingthe productivity of peas as forage crops under N poor soil conditions of Uzbekistan .
ReferencesLugtenberg , B .J .J . and G .V . Bloemberg ( ２００４ ) . Life in the rhizosphere . In : Pseudomonas Vol . １ . Ramos , J .L . ( ed) ,

K luwer A cademic / Plenum Publishers , New York , pp . ４０３‐４３０ .Lascano , C .E . (２００１) . Animal production in grass‐legume pastures in the tropics . pg . ２１９‐２３２ . In A . Sotomayor‐Rios , A .& W .D . Pitman , W .D . ( eds .) T rop ical Forage Plants : Development and Uses . p . ２１９‐２３２ . CRC Press , Boca Raton ,FL , USA , CRC Press .
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Residue effects of animal manures on forage production and soil fertility after receiving long
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Introduction Application of animal manures in soil is important to improve soil fertility and maintain forage productivity . Theobjectives of this study were to determine the residue effects of animal manures on forage yield and quality of pangolagrass
( Digitaria decumbens Stent .) and soil fertility af ter receiving long term of manure application .
Materials and methods An experimental field of pangolagrass receiving ７ years of cattle and hog manure application was used .Six fertilizer treatments were applied , i .e . , no fertilizer , chemical fertilizer applied yearly with N ∶ P２O５ ∶ K２O ＝ ４００ ∶ １４４ ∶

１５０ kg / ha , cattle or hog manure equivalent to N ４００ kg / ha , and one half of N replaced by cattle or hog manure . The plotswere applied with the same amount of chemical fertilizer after receiving ７ years of different fertilizer treatments . Dry matteryields , the chemical contents of plant and soil of pangolagrass were determined .
Results and discussion Dry matter yields , the uptakes of N , Cu , and Zn of pangolagrass were higher in the plots received cattleor hog manure . The plot receiving only hog manure had the highest uptakes of N and Zn . The pH values , the electricconductivity and the contents of organic matter in soil for the plots with manure were higher than those with chemical fertilizerand no fertilizer ( Table １ ) . Hsu et al . (１９９９) indicated that manure increased in pH values in soil . This study also confirmedthat the residue of manure application could prevent acidifying in soil . Hsu et al . ( ２００５ ) reported that the mineral uptakes ofplant increased with applying composts of animal wastes in pangolagrass pasture .
Table 1 Residue e f f ects o f animal manures on f orage y ield and soil f ertility o f pangolagrass a f ter receiv ing long term o f
manure ap p lication .

T reatment Dry matteryield
Mineral uptake of plant Soil fertility

N Cu Zn 　 pH Electricconductivity Organicmatter
Mg / ha/ year kg / ha ‐‐‐‐‐‐g / ha‐‐‐‐‐‐ dS /m ％

No fertilizer (０) ２０ �.７b 倡 ４９ 照.７c ０ 槝.６０d ４ 墘. ０２d ４ y.８２cd ０ j.１６０b １ 悙.２５b
Chemical fertilizer (１ ) ２２ �.９a ２０４  .１b ０ 槝.７５d ４ 墘.３２d ４ y.７５d ０ j.１７０b １ 悙.１７b
Cattle manure (１) ２３ �.３a ２１５  .５b １ 槝.０５c ６ 墘.０９c ５ y.７４a ０ j.２６５a １ 悙.９６a
Cattle manure (１ /２) ＋Chemical fertilizer (１ /２ ) ２１ �.７a ２１４  .９b １ 槝.３９ab ５ 墘.０２cd ５ y.３７b ０ j.２６３a １ 悙.７９a
Hog manure (１) ２３ �.９a ３００  .９a １ 槝.２１bc ９ 墘.６６a ５ y.０９bc ０ j.２３０ab １ 悙.４０b
Hog manure (１ /２ ) ＋Chemical fertilizer (１ /２ ) ２１ �.７a ２１８  .８b １ 槝.６３a ７ 墘.９１b ５ y.０３b ０ j.２５８a １ 悙.４１b
倡 Means with the same letter in the same column are not significantly different at ５％ level by MRT .
Conclusions The results showed that the residue effects of long term manure application could improve soil fertility and maintainforage productivity . It was helpful for the management of sustainable agriculture .
ReferencesHsu , F . H . , Hong , K . Y . , Lu , C . H . , (１９９９) . Effect of cattle and hog manures on forage yield and quality of pangolagrassand soil fertility . J . A gric . A ssoc . China ( New Series) １８７ : １０１‐１０７ .Hsu , F . H . , Hong , K . Y . , Hsieh , C . H . , ( ２００５ ) . Effect of composts of animal wastes on forage yield and chemicalcompositions of pangolgrass and soil fertility . Taiwan L ivestock Res . ３８ : ６５‐７３ .
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The soil improvement effect of afforestation in grassland
——— take Gegentala grassland as example
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Introduction As an important terrestrial ecosystem , grassland plays an important role in maintaining soil functions , nutrientcycling , and maintaining biological diversity . However , due to over‐use and over‐grazing , some grasslands have degeneratedand become desertified , As a result , the production capability is often reduced year by year , and the development of animalhusbandry has been hindered seriously . Afforestation in grassland can improve the ecological environment , mitigate naturaldisasters and improve yield and quality ( Jianquan Yu ,２０００ ) . Therefore , it is necessary to study the effect of afforestation onsoil improvement in grasslands to better understand its role on soil and water conservation .
Materials and methods The site was in Gegentala grassland which is in the continental monsoon climate zone , with a zonalchestnut soil , and semi‐arid grassland vegetation . The forest species was elm with a row spacing of １m × ２m and stand age was
３３ . Samples were collected in the ０‐５ cm layer of soil inside the forest , on both the windward and leeside of the forest edge with
quadral respectively . The samples were air‐dried and sieved ( ０ .２５ mm ) , nutrient content was measured using conventionalanalysis methods , with three replications .
Results Nutrient content is an important feature in representing soil fertility , from Table１ , soil nutrient content internally wassignificantly higher than outside . With the increase in distance from the forest edge , soil nutrient ( except total phosphorus )levels showed a decreasing trend . At the same time , soil pH was lower than in grassland . All this suggests afforestation in
grassland can improve soil fertility .
Table 1 the in f luence o f a f f orestation in grassland on soil nutrient content .

position Soil layer( cm) total nitrogen( ％ ) Total phosphorus( ％ ) organic material( ％ ) pH
Internal ０‐５ 揪０ ＃.４１ １ 照.２１ ０  .６７ ７ 9.９２
Windward of (５m) ０‐５ 揪０ ＃.３３ １ 照.２９ ０  .６５ ８ 9.５８
windward (５０m) ０‐５ 揪０ ＃.３２ １ 照.２７ ０  .６４ ８ 9.３７
windward (１００m) ０‐５ 揪０ ＃.２ １ 照.３３ ０  .５１ ８ 9.４３
leeside (５０m) ０‐５ 揪０ ＃.４７ １ 照.７１ ０  .９２ ８ 9.３
leeside (１５０m) ０‐５ 揪０ ＃.２６ １ 照.５２ ０  .８６ ８ 9.６

Conclusions Afforestation in grassland can improve the soil nutrient status , and the effect on the leeside is better than that onthe windward side . Reasonable afforestation in grasslands had a positive role in protecting grassland soil .
ReferenceJianquan Yu , Biological Effects of Protective Plantation of Sparse Woods on Grassland and Pastureland in the Semiarid Windyand Sandy Area . Northeast Forestry University Journal . ２０００ .２８(６) .２０‐２３ .
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Effect of grazing on soil structure and consequences for soil mechanical and hydraulic properties
in Inner Mongolia
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Introduction Animal trampling can strongly affect soil physical properties . Destruction of soil structure caused by animals leadsto increase in soil bulk density followed by an increase in surface runoff . Grazing can cause changes in pore functions whichaffect the hydraulic properties of the soil . Stresses exerted by trampling can also lead to changes in soil mechanical strength .The soil physical properties can be affected much more when considering arid climate conditions . The objective of this studywas to investigate how the animal trampling can affect soil physical ( hydraulic and mechanical) properties in an Inner Mongolia
grassland ecosystem with different grazing intensity , with different moisture conditions .
Materials and methods The effect of trampling by sheep and goats on physical ( hydraulic and mechanical ) properties ofgrassland soils on the steppe in Inner Mongolia , was investigated . The samples were collected from two different steppeecosystems ( Leymus chinensis step pe and Stip a grandis step pe ) . The samples were taken from sites with different grazingintensities : ungrazed since １９７９ ( UG７９ ) , ungrazed since １９９９ ( UG９９ ) , w inter grazed ( WG ) and overgrazed ( OG ) at the
Leymus chinensis site and ungrazed since １９７９ ( SG UG７９ ) and continuously grazed ( SG CG) at the Stip a grandis site . Thestudied soils were derived from aeolian sediments above acid volcanic rocks . From each site soil samples , for measurements ofsoil hydraulic and mechanical properties , were taken .
Results The soil hydraulic functions and soil mechanical properties were affected by grazing . It was found especially for the topsoil . The animal trampling caused a decrease in soil total porosity and an increase in soil bulk density . The saturated hydraulicconductivity was lower for the grazed sites compared to ungrazed sites . Grazing caused a reorganization of soil particles whichresulted in decreased soil air permeability . Furthermore , animal trampling affected soil sensitivity and intensity of shrinkage .Grazing also affected soil mechanical properties by changing the precompression stress values which were higher for the grazedsites compared to ungrazed .
Conclusions The results show that grazing can strongly affect soil physical ( hydraulic and mechanical ) properties . Animaltrampling causes soil structure deterioration , especially in the top layer of the soil . Changes in soil structure due to grazingaffect soil functions as well as plant productivity .
ReferencesChen J . , Huang D . , Shiyomi M . , Hori Y . , Yamamura Y . , Yiruhan . ( ２００７ ) . Spatial heterogeneity and diversity ofvegetation at the landscape level in Inner Mongolia , China , with special reference to water resources . Landscape and Urban

Planning . ８２ , ２２２‐２３２ .Dan S . , Mengli Z . , Bing H . and Guodong H . (２００６) . Examining the genetic diversity of Stipa grandis under various grazingpressures . A cta Ecologica Sinica . ２６ (１０ ) , ３１７５‐３１８３ .Fukuo A . , Saito G . , Akiyama T . and Chen Z . ( ２００１ ) . Influence of human activities and livestock of Inner Mongoliagrassland . Proceedings o f the ２２nd A sian Con f erence on Remote Sensing . ７８８‐７９１ .Hoffmann C . , Funk R . , Wieland R . , Li Y . and Sommer M . ( ２００８ ) . Effects of grazing and topography on dust flux anddeposition in the Xilingele grassland , Inner Mongolia . Journal o f A rid Env ironment . In press .Horn R . ( １９８６ ) . The influence of animal treading on soil physical properties of mountainous soils . Mitteilgn . Dtsch .Bodekundl . Gesellsch . , ４６ , ６４‐６９ .
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Clopyralid uptake of contaminated compost‐fertilised corn
Ryuichi Uegaki , Munehiro Ebato , Madoka Sutoh and Y imin Cai
National Institute o f L ivestock and Grassland Science Senbonmatsu ７６８ ,Nasushiobara , Tochigi ３２９‐２７９３ , Japan

Key words : clopyralid , compost , corn , LC /MS /MS analysis
Introduction It has been reported ( Sato , ２００６ ) that the cases uncertain cause abnormal grow th in horticultural crops ( e .g . .tomato eggplant) is generated . In the present investigation , clopyralid ( ３ ,６‐dichloropyridine‐２‐carboxylic acid , Figure １ ) wasdetected in cow excrement compost and it摧s materials feeds . Clopyralid is not registered as an agricultural chemical in Japan . Itis uncertain how the chemical was detected in Japan despite not being used . Graminaceous plants have low sensitivity forclopyralid . So , there is the possibility of circulation in the food chain ( i .e . imported feed‐cattle‐fescue‐compost‐corn ) . Toclarify the likelihood of the circulation , the effect of fertilizing a clopyralid‐contaminated compost on the clopyralid uptake ofcorn was investigated someone two different soil types .
Materials and method The corn seed was sown in the plastic pots ( L５６０ mm , S２６０ mm , H１７０ mm ) filled with the soil ,compost and activated carbon ( Wako Pure Chemical Industries , Ltd Osaka , Japan) . The details are summarized in Table １
( one seed per pot , with each treatment being performed in triplicate) . The concentration of clopyralid in the compost was ７３
μg / kg . Corn was grown in the greenhouse for ６５ days , being kept at ２０‐３０ ℃ . Sampling was carried out just before the headingstage at least ５ cm above the soil . Corn samples were cut at ５‐１０ cm , mixed , and the ３０ g of FM were used for the clopyralidquantified analysis by LC /MS /MS .
Table 1 Experiment treatments f or measuring up take o f clopy ralid f rom the soil to the corn .

No . soil type soil amount( kg / pot) clopyralid‐contaminatedcompost amount ( t /１０a) activated carbonamount ( t /１０a)
１ oandosol ２０  ０ !０ �
２ oandosol ２０  ３ !０ �
３ oandosol ２０  １０ 8０ �
４ oandosol ２０  １０ 8１ �
５ osandy soil ２０  １０ 8０ �

　 　 　 Figure 1 Amount o f clopy ralid in the corn (bar ; le f t scale ) . Ratio
o f up taked clopy ralid ( sequential line ; right scale ) . Errar bars
shows standard dev iation .

Results and discussion The results of theuptake experiment are shown in Figure １ .Clopyralid was not detected ( ＜ ２ ng / g FM )in the corn grown in soil without clopyralidcontaminated compost ( T１ ) . This resultshowed that there was uptake of clopyralidvia air . Clopyralid was detected in the corn
grown used clopyralid contaminated compostfor fertilizer ( T２‐T５ ) . When compared toT２ , the amount of clopyralid in the corn was
２ .３ times higher in T３ . Since T３ applied ３ .３times as much clopyralid as T２ , it wouldsuggest that the amount of clopyralid in thecorn is dependant on the amount ofclopyralid‐contaminated compost , at theconcentration level used here . The addition ofactive carbon ( T４ ) lowered the amount ofclopyralid uptake in the corn relative to T３ .The amount of clopyralid in the corn grown in the sandy soil ( T５) was much higher than that in andosol (３ ) . Two causes ofthis are conceivable : １ ) the difference in the adsorption ability of the soil , and ２ ) the difference in the activity ofmicroorganisms in soil that break down clopyralid .
Conclusion The uptake of clopyralid to corn was dependant on compast fertilization rates and the nature of the soil . Thus , the
possibility of the circulation is also varying according to the nature of the soil .
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Long‐term phosphorus fertilization and perennial legumes addition impacts on a temperate
natural grassland : II . Total and particulate soil organic carbon .
Lucí a Salvo１ , José A . Terra２ ,W alter A yala２ ,Raul Bermudez ２ , Jose Correa２ , Paola A v ila２ ,and Jorge Hernández１
１ Departamento de Suelos y A guas , Fac . de A gronomí a , Universidad de la Republica . Garzón ７８０ ,Montev ideo ,Uruguay ,
E‐mail :lsalvo＠ f agro .edu .uy , ２ Instituto Nacional de Investigación A gropecuaria ( IN IA ) , Ruta ８ Km . ２８１ , T reinta y
T res , Uruguay .

Key words :Natural grassland , improved pastures , P fertilization , legumes , soil organic carbon .
Introduction Soil organic carbon ( SOC ) is a critical soil quality indicator and its pools have different functional roles inagroecosystems . Natural grassland improved with perennial legumes and P fertilizers is a rare production system in the world .We evaluated long‐term P fertilization and perennial legumes inclusion effects on SOC and particulate organic C ( C‐POM ; ５３‐
２０００ μm) in a natural grassland of Uruguay .
Materials and methods We analyzed a ３０ ha experiment in a Typic Argiudol of Uruguay ( ３３°１４′５８″S , ５４°２９′２４″W ) . Arandomized complete block design with five replications was used . T reatments were : natural grassland ( NG ) , and naturalgrassland overseeded with T ri f olium repens L . and Lotus corniculatus L . fertilized with ３０ ( IP３０ ) , or with ６０ kg ha‐１ yr‐１ of P２O５ （IP６０ ) during ９ yrs . After the ９th year , soil samples were collected to a depth of ０‐５ and ５‐１５‐cm , dried , dispersed andpassed through sieves of ２０００ , ２００ and ５３ μm (Cambardella and Elliot , １９９２) . Soil remaining on the ２００ and the ５３ m sieves( coarse and fine C‐POM , respectively ) and the one passing all sieves ( mineral‐associated organic matter , C‐MAOM ) wasanalyzed for total C using the Mebius method ( Nelson and Sommers , １９８２ ) . Orthogonal contrasts were used to makecomparisons among treatments , NG vs . IP３０ and IP６０ average ( IP ) , and IP３０ vs . IP６０ . The level of significance for thestatistical test was ０ .１ .
Results and discussions Overall ,there were no treatments effects on SOC at ０‐１５‐cm depth af ter ９ yrs ( mean : ２１ .２ g C kg‐１ ) .However , treatments affected SOC by depth and C pools ( Table １ ) . On average , IP had ８％ higher and １１％ lower SOCcompared to NG at ０‐５‐cm and ５‐１５‐cm depth , respectively . On the other hand , IP had ４０％ higher C‐POM ( p ＜ ０ .０１ ) andsurprisingly １５％ lower C‐MAOM ( p ＜ ０ .０１) than NG at ０‐１５‐cm . As expected , a significant C‐POM increase of ４０％ in the ０‐
５‐cm depth was observed in IP relative to NG . In this layer , C‐POM represented ４６％ of total SOC in IP but only ３５％ of totalSOC in NG . Similarly , C‐POM , that represented ２１％ of the total SOC in IP and only １３％ in NG at ５‐１５‐cm , was ４０％ higherin IP than in NG . Unexpected , IP had ９％ and １９％ lower C‐MAOM than NG at ０‐５‐cm and ５‐１５‐cm depths , respectively .Finally , no significant differences either on SOC or C pools were found between IP３０ and IP６０ at any depth . The SOCstratification , C‐POM increase and C‐MAOM drop in IP relative to NG , were probably related with the greater biomassproduction , lower biomass C‐N ratio and the changes in the root system distribution observed in IP . These results are inagreement with Palm et al . (２００１) and Metherell (２００３) that shown that increased availability of nutrients results in increasedquality of the litter input and reduces the recalcitrant pool of SOC .
Table 1 Perennial legumes addition and long‐term P fertilization ( ３０ and ６０ kg P２ O５ ha‐１ yr‐１ ) impacts on soil organic carbon( SOC) and particulate organic C fractions (C‐POM ) in a temperate natural grassland of Uruguay af ter ９ years .Soil Depth (０‐５‐cm) (５‐１５‐cm)
T reatment SOC C‐POM(２０００‐２００ μm)

C‐POM(２００‐５３ μm) SOC C‐POM(２０００‐２００ μm)
C‐POM(２００‐５３ μm)

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐g C kg‐１‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
Natural Grassland ３２ 崓.６７b报 ７  .６８b ３ 乙.８３b １５ 儍.８０a １ 蜒.４１b ０ 帋.７０b
Improved Pasture ３０ kg P２O５ ３６ 崓.０２a １１ C.４４a ５ 乙.１５a １３ 儍.９６b １ 蜒.７５a １ 帋.３３a
Improved Pasture ６０ kg P２O５  ３４ 崓.７３a １０ C.８１a ４ 乙.８７a １４ 儍.１１b １ 蜒.７３a １ 帋.１２a
报Means followed by the same letter within a column are not significantly different at P ≤ ０ .１ level .
Conclusion The aggregate of data suggest that for temperate NG on undegraded soils , improved pastures with overseededlegumes and P fertilizers may sustain SOC in the long term . However , excessive SOC stratification , basically due to C‐POMrise , and C‐MAOM drop on IP are issues that may need further attention in the future .
ReferencesCambardella , C .A . and Elliot , E .T . (１９９２) . Particulate soil organic matter changes across a grassland cultivation sequence .

Soil Sci . Soc . Am . J . ５６ :７７７‐７８３ .Nelson , D .W , Sommers , L .E . , ( １９８２) . Total carbon , organic , and organic matter . In : A .L . Page ( Ed) , Methods of SoilAnalysis , Part ２ , A gronomy No .９ , Am . Soc . Agron . , Madison , WI , pp . ５３９‐５７９ .Metherell , A .K . , (２００３ ) . Management effects on soil organic C in New Zealand pastures . In : Proc . New Zealand G rassland
A soc . ６５ :２５３‐２５７ .Palm , C . A , Giller , K . E , Mafongoya , P . L . , Swif t , M .J . ( ２００１ ) . Management of organic matter in the tropics :translating theory into practice . Nutrient Cycling in A groecosystem . ６１ :６３‐７５ .
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Changes in inorganic ion accumulation and growth of Leymus chinensis community along the
retrogression on the Songnen grassland in northeastern China
L ianxuan Shi and JiX un Guo
Key L aboratory f or Vegetation Ecology , M inistry o f Education , Institute o f G rassland Science , Northeast Normal
University , Changchun １３００２４ ,China , E‐mail : lianxuanshi＠ nenu .edu .cn

Key words : L . chinensis , retrogressive succession ,salinity and alkalinity gradients ,inorganic ion accumulation , quantitativecharacteristics
Introduction Songnen grassland is one of the main districts in which Chinese saline‐alkali soil concentrates . L . chinensiscommunity grassland occupies ６５％ of total grassland area in the Songnen Plain . The strong rhizomes of L . chinensis adapt tosaline‐alkaline and dune conditions . Through Na ＋ , K ＋ , Ca２ ＋ ,Cl‐ , NO －

３ , SO２‐
４ accumulation and ratio , we tried to find theadaptability of L . chinensis growing naturally along the grassland retrogressive process .

Material and methods This research was conducted in the grassland ecosystem experimental station of NENU ( ４４°３０′– ４４°４５′N , １２３°３１′– １２３°５６′E) . Five plots were selected for sampling , according to the different degree of retrogressive succession .In the middle ten days of July , the full expanded leaves ,rhizomes and soil samples of each plot were collected to measure pH ,EC ,Na＋ , K ＋ , Ca２ ＋ ,Cl‐ , NO －
３ and SO２‐

４ . Using routine methods , the density , height , and biomass of L . chinensis communitywere determined ( Shi lianxuan , ２００６ ) .
Results Along the salinity and alkalinity gradient , the soil pH and EC significantly increased . Plant density , height , dry mass ,and underground dry mass of L . chinensis community were determined in different retrogressive stages , and they weresignificant and negatively correlated with the soil pH and EC( Figure １) . Along with the retrogression , Na ＋ , Cl‐ and NO －

３ ofleaves were increased ; K ＋ , Ca２ ＋ and SO２‐
４ were decreased . Contrarily , K ＋ , NO －

３ and SO２‐
４ of rhizomes were significantlyincreased ( Figure ２) . Through analyzed SA and ST , it retained a steady‐going level during the plot ２ , plot３ and plot ４ ( PengYanhui ,２００４ ) .

Figure 1 Changes in quantitative characteristics o fL . Chinensis community .

　

Figure 2 Changes in inorganic ion accumulation o f L .Chinensis along retrogression on the Songnen grassland .Unit :
(mmol 爛 g‐1 DW ) .

Conclusions The rhizome of L . Chinensis could selectivity absorb K ＋ , not Na＋ in the certain salinity and alkalinity gradient . Inthe same way , L . Chinensis could specially transport K ＋ f rom the rhizome upto the plant , and restrain Na ＋ .Furthermore , L .
Chinensis could accumulate Cl‐and NO －

３ in leaves and rhizomes , so that can resist the stress of Na＋ .( Yanhui Peng ,２００４)
ReferencesYanhui Peng , Yafang Zhu , Yongqiang Mao , Suomin Wang , Weiai Su and Zhangcheng Tang (２００４) . Alkali grass resists saltstress through high K ＋ and an endodermis barrier to Na＋ . J . Ex p . Bot . ５５ : ９３９‐９４９ .Lianxuan Shi , Jixun Guo (２００６) . Changes in photosynthetic and grow th characteristics of Leymus chinensis community alongthe retrogression on the Songnen grassland in northeastern China ,Photosynthetica ,４４ (４) :５４２‐５４７ .
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Plant species composition and soil microbial community structure in a semi‐natural grassland in
Japan
Shu‐ichi Sugiyama , A tushi Okubo , M . Zabed Hossain and Guang cheng L iu
Faculty o f A griculture and L i f e Science , H irosaki University , H irosaki 036‐8561 , Japan ,Correspondence ,
E‐mail : sugi＠ cc .hirosaki‐u .ac .j p

Key words :DGGE , plant functional types , soil chemical properties , soil microbial community
Introduction Plants and soil biota have a strong functional linkage as producers and decomposers of terrestrial ecosystems .However , structural associations between aboveground and belowground communities have not been well clarified . Weexamined plant species composition , soil properties ( N availability , P２ O５ , pH , water content , total C and N％ ) and soilbacterial and fungal community composition in a semi‐natural grassland in northern part of Japan . The objective of this study isto clarify how microbial community structure is associated with aboveground vegetation structure and local soil environments insemi‐natural grassland .
Materials and methods The study was conducted in semi‐natural grassland in Shiriyazaki ( ４１°２５′N and １４１°２６′E) located onnorthern Honshu , Japan ( Hossain et al ２００７ ) . Thirty sites were selected at ５０m interval along a １ .５km‐long transect line andvegetation height and relative coverage of component species were examined in a １ × １ m plot at each site . Plant species wereclassified into four functional types : C４ grasses , C３ grasses , legumes , and forbs . Soil samples ( ４０ × ４０ × ６０ mm deep) werethen collected from the center of each plot , and soil pH , water content , N mineralization rate , soluble P２O５ content and total Cand N ％ were measured . Soil bacterial and fungal community compositions were evaluated by denaturing gradient gelelectrophoresis (DGGE) of １６S and １８S rDNA fragments and band pattern was analyzed by principal coordinate analysis ( PCO)based on Jaccard similarity indices generated from binary data .
Result and discussion Soil pH ranged from ５ .８７ to ７ .５２ , and soil C /N ratio ranged from １０ .６ to １５ .２ . Plant species richness( m‐２ ) ranged from ６ to ２４ and was negatively correlated with soil phosphorus ( P) content ( r ＝ ‐０ .４０９ 倡 ) , which was negativelycorrelated with the proportion of forb species and positively correlated with the proportion of C４ species . These results showthat low soil P content leads to the dominance of forb species and resulting high species richness . Bacterial PCO１ scores , whichrepresents community composition , showed significant correlations with soil pH ( r ＝ ０ .７１４ 倡 倡 ) and soil C / N ratio ( r ＝ ０ .
６０６

倡 倡 ) . On the other hand , fungal PCO１ scores showed significant correlations with the proportion of C３ species ( r ＝ ‐５０３ 倡 )and with soil C /N ratio ; fungal PCO２ scores showed significant correlations with soil total C％ ( r ＝ r ＝ ０ .５１５ 倡 ) and N％ ( r ＝
０ .４７６ 倡 ) . These results suggest that bacterial community structure is largely influenced by soil pH , while fungal communitystructure is influenced by plant species composition and soil organic matter content .
ReferenceHossain , M .Z . , Okubo , A . Sugiyama , S . (２００７) . Local variation in soil microbial community structure in artificial and semi‐natural grasslands , Grassland Science ５３ , １６５‐１７１ .
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Nitrogen losses through denitrification from a grazed pasture as affected by the use of a
nitrification inhibitor
W . Suna ,b , J . L uob ,c , S . L indseyb , S . Ledgardb
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Introduction Denitrification is an agriculturally important soil process , since it can decrease the availability of mineral N in soilfor plants and can therefore cause N use inefficiency and reduce agricultural production . Additionally , nitrous oxide ( N２O ) ,one of the gaseous products from denitrification , contributes to global warming . Studies have shown that soil denitrification andN２O emission rates are highly variable , with high rates being associated with animal grazing and high nitrate concentrations ingrazed pastures ( Luo et al . ２０００ ) . Nitrification inhibitor , dicyandiamide ( DCD ) , has been used to inhibit the nitrificationprocess and to reduce nitrate concentrations in soil . As a result of reduced nitrate concentrations , denitrification rates could bereduced . However , there is little information available on effects of DCD use on denitrification rates under grazed pastures .The aim of this study was to determine the effects of the use of DCD on denitrification rates under a grazed pasture .
Materials and methods The experiment was conducted at Scott dairy farm near Hamilton in New Zealand from May toSeptember ２００７ . The characteristics and details of the soil have been previously given ( Luo et al . ２００８) . The study site wasunder a ryegrass /white clover pasture and was rotationally grazed by cows . In the first experiment , in May ２００７ , the studypaddock was grazed by cows at a stocking rate of about １００ cows ha‐１ for ２４ hours . In the second experiment , in July ２００７ , thegrazing was repeated on an adjacent paddock at a stocking rate of about ２００ cows ha‐１ for ２４ hours . Immediately after grazing ,DCD was applied at a rate of １２ kg DCD ha‐１ onto part of the grazed paddock . The rest of the paddock received no DCD andacted as a control . Measurements of denitrification rates from the DCD applied and control areas were continued for two monthsfor each experiment . The denitrification rates were measured using the acetylene inhibition technique , by incubating minimallydisturbed soil cores in a closed system under field conditions ( Luo et al . ２０００) . The concentration of N２O in the gas sampleswas determined using a Shimadzu GC‐１７A gas chromatograph .
Results and conclusions The rate of denitrification increased after grazing in May , reaching a maximum at around １０ days , andthen declined ( Figure １ ) . The rates were lower from the DCD treated soil than from the control soil on several samplingoccasions . By the end of the ２ month measurement period , the denitrification rates in the control had declined to levels similarto those measured before grazing . However , af ter this time the denitrification rates from the DCD treatment were still higherthan before grazing . Although the patterns of denitrification rate following the grazing in July were similar to those followingthe grazing in May , the magnitude of the peak rates was much higher due to the higher stocking rate and to the fact that therewas more rainfall af ter July ( data not shown) . Spatial variations in denitrification rates were large . Coefficient of variationvalues for the daily measured rates among the ４ replicates were up to １５０％ . The large variation is likely to have been caused byunevenly distributed excretal returns from grazing cows in grazed pastures . Over the measurement periods , the totaldenitrification N losses from the DCD treatment were lower than those from the control ( Figure ２) . The lower rates from theDCD treatment were likely to be due to the lower nitrate N concentrations which resulted from the inhibition effect of DCD onnitrification in the soil .

Figure 1 Denitri f ication rates f ollow ing a
graz ing event in w inter 2007 .

　 　 　

Figure 2 Total denitri f ication N losses f or 2 months
f ollow ing graz ing events in w inter 2007 .

ReferencesLuo J , Ledgard SF , Lindsey SB (２００８) Effects of dairy farming intensification on nitrous oxide emissions . Plant and Soil , ( inpress) .Luo J , Tillman RW ,Ball PR ( ２０００) Nitrogen loss through denitrification in a soil under pasture in New Zealand . Soil Biology
and Biochemistry ３２ : ４９７‐５０９ .
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Nitrogen , phosphorus and potassium utilization and their nutrient cycling in a beef‐forage
production system
Yusuke Tabata１ ,Masayuki K itagawa２ ,K az ato Oishi１ , H aj ime K umagai１ ,Shinichi K ume１ and H iroyuki H irooka１
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Key words :Beef production system , Cycling index , Nutrient balance , Nutrient cycling , U tilization efficiency
Introduction Quantification of nutrient flow is the first step for nutrient management in the livestock production system . The
objective of this study was to quantify the cycling for nitrogen ( N ) , phosphorus ( P ) and potassium ( K ) in a beef‐forage
production system in Japan .
Materials and methods Survey was conducted in the Experimental Farm of Kyoto University in Kyoto Prefecture , Japan . There
were ９ .５ha grassland and about １６０ head of beef cattle in the farm . The herd consisted of breeding cows , calves , heifers and
fattening cows and steers . Forage cultivated on the grassland was ensiled and offered to breeding cows . The whole farm system
was divided into three components : animal , manure and soil/ crop . The nutrient inflow , outflow and cycling of N , P and K in
the soil‐plant‐animal pathway were quantified from April ２００５ to March ２００７ . Nutrient utilizations in each compartment and
the whole farm were evaluated by nutrient balances ( nutrient inflow minus nutrient export) and nutrient utilization efficiencies
( nutrient export divided by nutrient inflow ) . Nutrient balance and nutrient utilization efficiency indicate the apparent nutrientlosses and the utilization of nutrient in a whole farm or a compartment . Nutrient cycling was represented using Finn摧s cycling
index ( Finn , １９８０) .

Figure 1 .N , P and K f low in a bee f‐f orage p roduction system
(kg year‐1 ha‐1 ) ;average 2005‐2006 , A p ril through March .

Results The annual average N , P and K flows ( kg year‐１ ha‐１ ) are shown in Figure １ . The major nutrient inflow was imported
to animal component from outside the system for all nutrients . The average nutrient balances of N , P and K in the whole farm
( kg year‐１ ha‐１ ) were ４３５畅７ , １３６畅３ and ２６２畅８ , and the average nutrient utilization efficiencies were ０畅０８ , ０ .０６ and ０ .０１ ,
respectively . The nutrient balances were the largest in animal component for N and in soil/ crop component for P and K . The
average cycling indices of N , P and K were ０ .１９ , ０ .１７ and ０ .４９ , indicating that K was the most cycled in the system .
Conclusions The results of each nutrient flow indicated there were differences in the characteristics of nutrients . The
quantitative data from this study would give insight to improve nutrient utilization and reduce nutrient losses in the system .
Reference
Finn , J .T . , (１９８０) . Flow analysis of models of the Hubbard Brook ecosystem . Ecology ６１ , ５６２‐５７１ .
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Carbon and nitrogen characteristic in plants and soils of the degraded alpine Kobresia pygmaea
meadow in the Tibetan Plateau
Qi j i W ang１ Shix iong L i１ Zenchun Jing１Wenying W ang２
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Introduction Grassland in the Tibetan Plateau occupies an area of about １ .５ million km２ , or two thirds of the total plateau area
( Sun & Zheng １９９８ ) . For a long time , grasslands were thought to be inexhaustible , but overgrazing has resulted in seriousdegradation . Cryoturbation and climate change have also accelerated the deterioration of alpine meadow . Ecosystem alterationscause changes in C and N cycling by altering plant production , rates of soil organic matter accumulation and decomposition , andsubsequent C storage in the soils . The objective of the study was to evaluate the influence of land degradation on plant and soilC and N content in degraded alpine meadow .
Materials and methods This work was conducted on alpine meadow in Gande county , Qinghai Province ( ３４°０８′N , １００°１１′E)located ４０６０ m asl . Three plots (２００m × ２００m) for each lightly degraded meadow ( LD) and severely degraded meadow ( SD)were chosen for study . Total vegetation ground cover , and aboveground biomass for grasses , sedges and forbs were evaluated .Total organic carbon and total nitrogen for aboveground plant tissue , the root tissues and soil in the ０ ～ ２０ cm and ２０ ～ ４０ cmdepths were analyzed by dry combustion in a VarioEL 棆 elemental analyzer . Tests for significant differences between treatmentswere conducted using analysis of variance with least significant difference .
Results The biomasses of grasses , forbs and the root biomasses in the ０ ～ ２０ cm , ２０ ～ ４０cm and in ０ ～ ４０m depths in LD weresignificantly higher than those in SD , respectively , except the biomass of sedges . The total aboveground plant tissue C and rootC and N contents were higher for LD than SD , although , there were no significant difference for plant N and soil C and Nbetween LD and SD .
Discussion With grassland degradation , vegetation cover and plant productivity decreased , which resulted in soil degradation ,even loss of economical and ecological function . In the degraded succession of alpine meadow , sedges and grasses with dense‐short rootstalk were replaced by dicotyledons with taproots , and the belowground biomasses were changed . The change of thecommunity structure and functional groups resulted in the loss of plant tissue and soil C and N (Wang et al ２００５ ) . Comparedwith the lightly degraded meadow , C content is lower in the severely degraded meadow . The decline was primarily attributed todecline in vegetative cover and productivity . In addition , since the carbon dioxide which was removed by photosynthesis fromthe atmosphere was reduced , there may be a decrease of organic matter input into the soil .
Table 1 The biomass ( ± standard error ) o f p lant groups and root in di f f erent degraded land .

LD SD
Grasses ( g m‐２ ) ７３ y.２４ (１３ .３２) a ７ 抖.９１ (３ .５９) b
Forbs ( g m‐２ ) ７６ y.０３ (１０ .９２) a １３７  .０２ (１６ .１９) b
Sedges ( g m‐２ ) １８ y.４２ (４ .４７) b ３ 抖.９０ (２ .０９) a
Total １６７ Ё.６９ (２４ .２７) a １４８  .８８ (２１ .５４) a
Root ０‐２０ cm ( g m‐２ ) ２２６６ 照.８１ (１８７ .４１) a ９４２  .０２ (１６８ .７０ ) b
Root ２０ － ４０ cm ( g m‐２ ) ２８４ Ё.８９ (１１６ .１８) a ２８ 滗.３４ (５ .８５) b
Root ０ － ４０ cm ( g m‐２ ) ２５５１ 照.６９ (２０４ .５３) a ９７０  .３９ (１７２ .３５ ) b
Mean with the same latter are not significantly different at ５％ level .
Table 2 Mean ( ± standard error) content o f C , N f or p lant , root and soil in 0‐40cm in di f f erent degraded land .

LD SD
Plant C ( g m‐２ ) ７０ y.６７ (１０ .２３) a ５７ 滗.７９ (８ .４９) b
Plant N ( g m‐２ ) ３ K.３０ (０ .３３ ) a ２ 抖.０４ (０ .２９) a
Root C ( g m‐２ ) ９０５ Ё.６７ (７８ .１４) a ３５８  .１０ (６２ .３２) b
Root N １５ y.３３ (２ .０４) a ６ 抖.５７ (１ .８８) b
Soil C １３６９２  .７ (１２１１ .４) a １３１３１ n.９(１０３２ .３) a
Soil N ３６３３ 照.４ (１６０ .０) a ３７７２ @.３ (２１０ .０ ) a
Mean with the same latter are not significantly different at ５％ level .
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Isolation and characteristics of Hydrogen‐oxidizing bacteria in theleguminous rhizosphere in
grassland of Sanjiangyuan region
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Introduction Dong and collaborators , theorized for the first time that H２ released from root nodules can promote the grow th ofmicrobes around the root , as well as promote the grow th of plants , and called this the�hydrogen fertilizer theory" (Dong Z et
al . , ２００３) . Isolating hydrogen‐oxidizing bacteria in different leguminous soil rhizospheres will significantly aid future studies ofpopulations of this new group .
Material and methods Eight different leguminous rhizosphere soils (W , D , AI , AII , AIII , BI , BII and BIII) from the grasslandof Sanjiangyuan Region were enriched for １５d at room temperature at ４畅１６ × １０

５ mol/ L‐１ H２ concentration . Then mineral saltagar medium (MSA) and H２ treatment system ( CHEN X D et al . , ２００７ ) were used to isolate and culture the hydrogen‐oxidizing bacteria for about １ week .
Results Six ty three bacterium strains were isolated from ８ different soil samples and the ability to take up hydrogen weremeasured for these strains . Data showed that ２６ bacterium strains had strong ability to take up hydrogen and growautotrophically ( Table １) . Colony form and physiological biochemistry characteristic were studied . Among these ２６ hydrogen‐oxidizing bacteria ７ strains were classified to species ( Table ２) .
Table 1 The result o f ox idized H 2 .

Strains H２consumption
(１０‐４mol 爛 L‐１ )

Strains H２consumption
(１０‐４mol 爛 L‐１ )

Strains H２consumption
(１０‐４mol 爛 L‐１ )

W‐４ !６ 厖.８２ BI‐８ �３ ^.８６ AIII‐４ !１ 6.７３
W‐３ !６ 厖.４６ AI‐９  ３ ^.５０ AIII‐３ !１ 6.６４
BI‐９ "５ 厖.９１ AI‐８  ３ ^.３６ AIII‐９ !１ 6.４５
BI‐２ "５ 厖.９０ AI‐５  ３ ^.１８ W‐９ 乙１ 6.３９
AI‐４ 0５ 厖.４８ BII‐３  ２ ^.８９ D‐７ 汉０ 6.９４
BIII‐２ b４ 厖.６３ BI‐３ �２ ^.３８ BIII‐４  ０ 6.８４
AII‐６ P４ 厖.５２ AI‐６  ２ ^.３５ W‐７ 乙０ 6.８３
AII‐１ P４ 厖.３６ W‐１ �２ ^.２７ BII‐９ 篌０ 6.８１
D‐５  ３ 厖.８７ AI‐３  １ ^.７４ blank ０ 6.０６

Conclusions This experiment not only used H２ treatment system but also improved it .Physiological biochemistry characteristics were studied , and the ２６ hydrogen‐oxidizingbacteria were classified into the suitable species . .
ReferencesDong Z , Wu L , Kettlewell , et al . , ( ２００３ ) . Hydrogen fertilization of soils‐is this abenefit of legumes in rotation ? Plant , Cell and Env ironment ２６ : １８７５‐１８７９Chen X D , Wang W W , Guo L W , et al . , Isolation , screening and characterization ofhydrogen‐oxidizing bacteria in soybean rhizosphere [ J] . Chinese Journal o f A p p lied

Ecology , ２００７ , １５ (９) :２０６９‐２０７４ .

Table 2 Classi f ication .
Strains Species
BIII‐２ いStaphy lococus
BIII‐４ いPimelobacter
A‐３ RA eromicrobium
W‐９ cXanthobacter
BII‐９ 剟Xanthobacter
AIII‐９ 膊Xanthobacter
AII‐６ 拻A gromonas
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Unidirectional Na＋ influx under different growth stages of Puccinellia tenui f lora and wheat
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Introduction Restricting unidirectional Na ＋ influx into root was an important way to reduce the net accumulation of Na ＋ .However , there was no report regarding whether the unidirectional Na ＋ influx was affected by the grow th stage .Consequently , it was hard to compare the influxes between/ among different grow th stages or species . This study was focusedon this problem . Thus , Gramineous halophyte P . tenui f lora and glycophyte wheat were chosen , for testing the unidirectionalNa＋ influxes of seedlings at the ２ leaf , ３ leaf and ４ leaf stages in ２５ and １００ mM NaCl treatments .
Materials and methods Seedlings of P . tenui f lora and wheat were germinated and then cultured in modified Hoagland＇s nutrientsolution , and subsequently NaCl treated for ７ days after reaching the ２ , ３ and ４ leaf stage . Seedlings were harvested andweighed . ２２ Na ＋ influx was evaluated according to the method described by Essah et al . ( ２００３) .
Results With advancing plant grow th ( Figure １) , unidirectional Na ＋ influx was increased significantly in both species , and moreobvious in １００ mM NaCl ( Figure ２ ) . There was no significant difference between P . tenui f lora and wheat in ２５ mM NaCl .But in １００ mM NaCl , P . tenui f lora had stronger ability than wheat to restrict the increase of unidirectional Na ＋ influx in the
４ leaves stage .

Figure 1 Root f resh weight o f P .tenuiflora and wheat at di f f erent
grow th stages ( P ＜ 0 . 05 , Duncan
test) .

Figure 2 Unidirectional Na＋ in f lux o f P .tenuiflora and wheat at di f f erent grow th
stages treated w ith 25 and 100mM NaCl .

Conclusions Unidirectional Na ＋ influx was increased significantly with grow th stage in both species , but more obvious in １００mM NaCl . At the ２‐３ leaf stage , the capacities of restricting Na ＋ influx in both P . tenui f lora and wheat were similar , butsignificantly enhanced in P . tenui f lora after more mature ( ４ leaves) . It was recommended that the grow th stages should betaken into account when unidirectional Na ＋ influxes were compared between/ among different grow th stages or species .
ReferencesTester M , Davenport R ( ２００３) . Na＋ tolerance and Na＋ transport in higher plants . A nnals o f Botany ９１ : １‐２５ .Essah PA , Davenport R , Tester M (２００３) . Sodium influx and accumulation in A rabidopsis . Plant Physiology １３３ : ３０７‐３１８ .
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Na＋ uptake pathways in the halophyte Suaedamaritime
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Introduction Reducing Na ＋ influx must be the key step for controlling Na ＋ accumulation compared with vacuolar Na ＋compartmentalization and Na＋ extrusion ( Apse et al . , １９９９ ; Ma et al . , ２００４ ;Martínez‐Atienza et al . , ２００７ ) , neither ofwhich would be sufficient alone . However , the pathways by which plants take up Na＋ are uncertain since Na＋ uptake by plantroots has largely been explored using species that accumulate little Na ＋ into their leaves . By way of contrast , the halophyte
Suaeda maritima accumulates , without injury , concentrations of the order of ４００ mM NaCl in its leaves . Here we use S .
maritima to examine Na＋ uptake pathways .
Materials and methods Twenty one to ２３ day old seedlings were used to evaluate the effects of inhibitors of ion transport on
grow th and ion accumulation . Na ＋ analysis was performed using an atomic absorption spectrophotometer . ２２ Na＋ influx wasevaluated according to the method described by Essah et al . ( ２００３) .
Results TEA ＋ , Cs ＋ and Ba２ ＋ significantly reduced the net uptake of Na ＋ from １５０ mM NaCl over ４８ h , by ５４％ , ２４％ and
２９％ , respectively ( Tables １ and ２ ) . TEA ＋ , Cs ＋ and Ba２ ＋ also significantly reduced ２２ Na＋ influx by ４７％ , ３０％ and ３１％ ,respectively ( Figure １) . In contrast to the situation in １５０ mM NaCl , neither TEA ＋ nor Cs ＋ significantly reduced net Na ＋uptake or ２２ Na＋ influx in ２５ mM NaCl ( Table １ , Figure １ ) . Ba２ ＋ did significantly decrease net Na＋ uptake ( by ４７％ ) and
２２ Na＋ influx ( by ３６％ with １ mM Ba２ ＋ ) in ２５ mM NaCl ( Table ２ , Figure １) .

　 　 Figure 1 Root 22 Na＋ in f lux o f S .maritima seedlings treated w ith
di f f erent inhibitors .

Conclusions We propose that two distinct low‐affinity Na＋ uptake pathways existin S . maritima : Pathway １ is insensitive to TEA ＋ or Cs ＋ , but sensitive to Ba２ ＋and mediates Na＋ uptake in low salinities (２５ mM NaCl) ; Pathway ２ is sensitiveto TEA ＋ , Cs ＋ and Ba２ ＋ and mediates Na ＋ uptakein higher external saltconcentrations (１５０mM NaCl) .
Table 1 E f f ect o f TEA ＋ and Cs ＋ on net Na＋ f lux (μmol g‐1 f resh weight root
min‐1 ) o f S . maritima .

NaCl concentration ( mM ) Inhition

None( control) TEA‐ ( １０mM) Cs‐ (３mM)

１５０ n０ 缮.５６ ± ０ .０４a ０ 侣.２６ ± ０ .０３c ０ 侣.４３ ± ０ .０３b

２５ \０ 缮.２０ ± ０ .０２a ０ 亮.１５ ± ０ .０１a ０ 排.１８ ± ０ .０３a

Table 2 E f f ect o f Ba2 ＋ on whole p lant Na＋ content (μmol / p lant) and root net
Na＋ f lux (μmol g‐1 f resh weight root min‐1 ) o f S . maritima .

BT ２５Na ２５NaBa １５０Na １５０NaBa

Na＋ coment ７ 枛.０ ± ０ .５６d ５０ ± ５ ).６１b ２２ ± １ q.４c １００ ± ７ 葺.７a ５１ ± ４ 镲.４b

Na＋ netflux ０ 櫃.１９ ± ０ .０２c ０ 後.１０ ± ０ .０１d ０ ).４３ ± ０ .０２a ０ _.３１ ± ０ .０３b
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ReferenceEssah PA , Davenport R , Tester M (２００３) Sodium influx and accumulation in A rabidopsis . Plant Physiology １３３ : ３０７‐３１８ .
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Tillage systems and biological nitrogen fixation of soybean (Glycine max)
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Introduction Legumes play an important role in rotation systems because of their capability in biological nitrogen fixation
(BNF) , but it is not known if N２‐fixation by legumes is affected by different tillage systems . This paper examines N２ fixationby soybean( Glycine max ) in no till , stubble retained and conventional cultivation systems on the Loess Plateau , China .
Material and methods This work was conducted in ２００２‐２００３ on a Heilu soil at Qingyang experimental station on the LoessPlateau , Gansu , China . Four tillage treatments were imposed in a random block design with ４ replications . T reatments were :conventional tillage with no stubble retained ( t ) , conventional tillage but with straw returned to the soil surface af ter tillage( ts) , no‐tillage with no straw ( nt ) , and no‐tillage with stubble retention ( nts ) . N２‐fixation was assessed using １５ N naturalabundance with five Soybean and five Prostrate spurge( Euphorbia humi f usa) ( reference plant) samples/ plot . The １５N naturalabundance were analysed by isotope ratio mass spectrometry and the percent of plant N derived from air ( ％ Ndfa) calculatedas :
％ Ndfa ＝ １００ × (δ１５Nref . plant– δ

１５ Nlucerne ) / (δ１５ Nref . plant– B)
Results In ２００２ the nitrogen uptake by soybean were all higher than in ２００３ under each treatment , but the significant differenceneither in annual variation , nor between treatments . There was no evident difference in ％ Ndfa between any treatments in ２００３(４３ .８％ ～ ６２ .４％ ) , but it was much higher than in ２００２ , and the ％ Ndfa of soybean was evidently higher in tilled , stubblereturned plots ( ts) than other treatments . In ２００２ the amount of N fixed accounted for １７％ ～ ３４ .４％ of the totle N uptake bysoybean , while in ２００３ the quantity of N fixed accounted for ４３畅３％ ～ ６６畅３％ of the N uptake . And the trend of soil NO３‐N (０
～ ３０cm) at sowing was contrary to the ％ Ndfa and N fixed in ２００２ and ２００３ ( Table １ ) .
Table 1 Dry matter , dry matter N and N f ixed by soybean under di f f erent tillage system in 2002 and 2003 .

Year T reatment Dry matter( kg / ha) Soil NO３‐N (０ ～ ３０cm)at sowing ( kg / ha) soybean N uptake( kg / ha) ％ Ndfa N fixed bysoybean ( kg / ha)
t １２９９ /.０ ４４ 8.１ ３８ 热.８ １７ 5.６ ６  .６
ts １１７２ /.３ ３９ 8.９ ３３ 热.７ ３４ 5.３ １１ C.６

２００２ knt １１２９ /.６ ４５ 8.７ ２９ 热.１ ２２ 5.３ ６  .５
nts １１７９ /.８ ４０ 8.２ ３１ 热.６ １９ 5.２ ６  .１
LSD０ 後.０５ ３１５  .２ １４ 8.３ １１ 热.４ ６  .０ ３  .０
t ９０８  .２ ２１ 8.４ ２４ 热.７ ５８ 5.５ １４ C.９
ts １０２４ /.１ ２５ 8.３ ２６ 热.４ ６２ 5.４ １７ C.５

２００３ knt ８２５  .５ ２３ 8.８ ２２ 热.８ ５４ 5.９ １２ C.９
nts ９３６  .７ ２４ 8.７ ２４ 热.７ ４３ 5.８ １０ C.７
LSD０ 後.０５ ３２５  .７ ５  .８ ９ 殮.６ ３１ 5.０ １１ C.３

Conclusions In the Loess Plateau area , ％ Ndfa of soybean was increased with a combination of tillage plus straw cover ( ts) in
２００２ and ２００３ . There was a significant negative relationship between the quantity of N fixed by soybean and the amount ofNO３‐N in the ０ ～ ３０cm soil profiles . This research suggests that the soil NO３‐N content of ４０kg / ha is the critical value abovewhich plant BNF ability is weakened .
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Effects of molybdenum on enzyme activity and blade cell submicro‐structure of Chamaecrista
rotundi folia
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Introduction Chamaecrista rotundi f olia was recently introduced from the Australian Centre for International AgriculturalResearch ( ACIAR) and is suitable for growing in mountainous red soil ( Ying et al , ２０００ ) . This paper mostly reports the effectof Mo on plant grow th and related aspects , to provide a theoretical basis for applying Mo fertilizer to Chamaecrista
rotundi f olia .
Materials and methods Experimental materials were seeds of Chamaecrista rotundi f olia CPI ３４７２１ strains and the red soil . Potexperiments were conducted comparing five treatments .
Results Leaf nitrate reductase activity was highest with application of １ .０ mg Mo/ kg soil and it was １１３ .１％ higher than in thecontrol plot . ( Figure １ ) . The response of nitrogenase activity with the increase of Mo fertilizer was similar to nitrate reductase( Figure ２) . In addition , applying Mo could promote granum formation , enhance stability of cell wall and cell membrane andreduce deposits of polymers like bags formed by primary wall and cell membrane ( Figure ３ ) .

Figure 1 E f f ects o f ap p ly ing Mo on the leaves摧 nitrate
reductase activ ity o f Chamaecrista rotundifolia .

Figure 2 E f f ects o f ap p ly ing Mo on nodule nitrogenase
activ ity o f Chamaecrista rotundifolia .

Figure 3 E f f ects o f ap p ly ing Mo on the blade cell submicro‐structure o f Chamaecrista rotundifolia (Photo 1 and 16 are the
control . Photo 3 and 18 are the treatment o f 1 .0 mg Mo/kg) .

Conclusion The proper amount of Mo fertilizer could promote the nitrogen metabolism and enhance the N‐fixing ability . Inaddition , it could promote granum formation and enhance stability of cell membrane to enhance photosynthesis . In thisexperiment , １ .０mg Mo/ kg soil was the most effective and suitable application amount .
ReferenceYing Z Y , Huang Y B , Zhang M H , et al . Suitability of ４０ accessions of Chamaecrista sp p . in hilly red soil in north Fujian .

Journal o f Fuj ian A gricultural University , ２０００ , ２９(２) : ２３３‐２３７ .
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Using 15 N isotopic dilution method to quantify the associative nitrogen fixing bacteria from
grassland in eastern qilian mountains
L inqiao X i１ ,２ , Juan Qi２ ,Degang Zhang２ ,Tuo Y ao２
１ College o f A nimal Science and Technology , Tarim University , A lar , China , ８４３３００ ,E‐mail :gsx lq６６６ ＠ １６３ .com .
２ Grassland College , Gansu A gricultural University , L anz hou , Gansu , ７３００７０

Key words : associative nitrogen‐fixing bacteria , phosphate‐solubilizing , auxins
Introduction N２‐fixation carried out by associative and free‐living microorganisms in the rhizosphere of oat has been recognizedas an important factor in nitrogen nutrition of the plant . NFB can produce plant grow th regulators ( PGRs) .
Materials and methods The associative nitrogen fixation strains were isolated from the Rhizosphere of wheat and oat in Gansu
( Table１) . The １５ N analyzer with optical principle was used to determine stable isotopes ( NOI７) . １５ N isotopic dilution methodwas chosen to determine quantification of association nitrogen fixation bacteria in soil .
Table 1 The ability o f di f f erent strains as nitrogen f ixers , IA A p roducers and phosphate solubiliz ers .

strains nitrogenase activity
( C２ H４ nmol/ml .h) IAA organic phosphorus(D / r) inorganic

phosphorus(D/ r)
P dissolution( ug /ml)

A zosp irillus lipo f erum O６ 邋３５１ _.６ １９ 貂.２ ND １ s.６７ ８２ 儋
A zotobacter sp O５ 倐３５９ _.４ １６ 貂.２ １ $.４ ND ND
A zotobacter sp W５ 枛５１２ _.７ １２ 貂.２ ２ $.２７ ND ND
Zoogloea sp C６  ２５６ _.９ １５ 貂.１ ND １ s.２５ ７６ 儋
Pseudomonas sp N４ 侣９４０ _.５ ２２ 貂.３ １ $.６ ND ND
Zoogloea sp W６ /３１２ _.１ ６ 乔.３３ ２ $１ s.０７ ５８ 儋
Pseudomonas sp O３ 靠４５３ _.９ １７ 貂.６ １ $.４１ ND ND

Results N concentration and １５ N atom％ excess of above ground dry matter of different strains( Table ２ ) .
Table 2 N concentration and １５N atom％ excess of above ground dry matter of different strains of Oats .
strains Above dryweight( kg / ha２ )

N concentration
( ％ )

％ NdfaFixation N
１５ N atom％excess Total N fixationkg / ha２  

A zosp irillus lipo f erum O６ �５６１５ n.０ ０ �.６７ １８ 晻.２３ １ 烫.１３１ ６ 2.８５８２ bB

A zotobacter sp O５ L６３０２ n.５ ０ �.６５ １４ 晻.１１ １ 烫.１８７ ５ 2.７８０３ bB

A zotobacter sp W５ `８５５７ n.５ ０ �.４９ １１ 晻.１４ １ 烫.２２８ ４ 2.６７１２ bB

Zoogloea sp C６ 葺５７０２ n.５ ０ �.５８ ９ g.９１ １ 烫.２４５ ３ 2.２７７７ cC

CK ４７００ n.０ ０ �.４８ / １ 烫.３８１ ND
Pseudomonas sp O３ 墘７２１５ n.０ ０ �.６３ ４ g.７８ １ 烫.３１６ ２ 2.１７２７cC
Pseudomonas sp N４ 寣８５６５ n.０ ０ �.５８ ２１ 晻.３５ １ 烫.０８７ １０ `.６０６０aA
Zoogloea sp W６ �７５１０ n.０ ０ �.５３ １３ 晻.１０ １ 烫.２０１ ５ 2.２１４２ bB
note :CK １４８kg / ha urea a .e .２ .２４％ １５ N urea atom％ excess is ２ .２４％ , dosage is１４９ kg / ha . ND not detector .
The amount of biological nitrogen fixation was determined to be N４ ＞ O６ ＞ O５ ＞ W６ ＞ W５ ＞ C６ ＞ O３ ; １５ N atom％ ranged from
１ .０８７１％ to １ .３１６４％ . The range of biological nitrogen fixation was ２ .１７ ～ １０ .６１ kg / ha ; １５ N atom％ content of above grounddry matter varied for different strains of Oats .
Conclusion N２‐fixing bacterial inoculation increased grow th and development of oats , particularly by increasing above grounddry‐weight .
ReferencesLethbridge G , Davidson MS . Root associated nitrogen fixing bacteria and their role in the nitrogen nutrition of wheat estimatedby １５ N isotope dilution [ J] .Soil Biological Biochemist , １９８３ , １５ : ３６５ ～ ３７４ .Lidija Halda‐Alija . Identification of indole‐３‐acetic acid producing freshwater wetland rhizosphere bacteria associated withJuncus effusus L . Can . J . M icrobiol . Vol . ４９ , ２００３ :７８１ ～ ７８７ .
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Fractal dimension and variability of soil particle in grassland
Bing Xu１ 、２ ,Shuyin Zhao２ ,Chang f u Tong２
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Introduction Fractal dimension of soil particle is not only a token of soil particle , but also a index of variability of soil tex ture .So the study on variability of fractal dimension redound is in favor of describing the distribution of soil texture quantificationallyIt can also provide a basis in improving desertification and protecting ecosystem in grassland .
Methods and materials the proving ground is in the natural grassland in Wushen county in Inner Mongolia . It is sandy soil , thevegetation are composed of natural sabulicola . the total area of proving ground are ５ .０４hm２ ( １４０m × ３６０m) , the interval ofsampling is ２０ meters .
Theory and models f ractal dimension of soil particle can be expressed in the following :

W (δ ＞ 珚d１ )/W ０ ＝ １ － (珚d１ /珚dmax )３ － D (１ )

where 珚d１ is mean value between di and di ＋ １ ;W (δ ＞ 珚d１ ) is the total weight of soil particles more than 珚d１ ;W (δ＜ 珚d１ ) is the totalweight of soil particles less than 珚d１ ; 珚dmax is mean diameter of the biggest particle size ; W０ is the total weight of all soil particlesis the fractal dimension .Semi‐variogram can be expressed in the following :
γ
倡 (h) ＝ １

２N(h) ∑
N(h)

i ＝ １
[Z( x i ) － Z( x i ＋ h) ] ２ (２ )

where γ( h) is the variogram value at lag distance h , N ( h) is the number of lag distances , and Z ( xi ) is the value of theobservation at point xi .
Conclusions (１) The correlativity between fractal dimension and content of sand particle ( d ＞ ０ .１mm) is negative proportion ,the correlativity between fractal dimension and content of clay particle ( d ＜ ０ .０５mm) is negative proportion . It indicated theloss of silt ( d ＜ ０ .０５mm ) result in desertification serious and decrease of fractal dimension , so the fractal dimension is areflection of loss of soil particles , it can be used to denote the degree of desertification ; ( ２ ) The variogram of soil particle isspherical model , variability of soil particle is mainly affected by stochastic factors , and the range of fractal dimension is largerthan that of soil particle appreciably ; (３) As a general and representative index of soil particle , the relationship between fractaldimension and distribution of soil particle is very close , so soil particle in different size can be replaced by fractal dimension todescribe the variability of soil tex ture and the degree of desertification , and it is more useful in researching the process ofdesertification and rule of variability of soil in grassland .
ReferencesYaxin Chen , Haibin Shi , et al , ( ２００５ ) . Spatial Variability Prediction Theory and Conditional Simulation for Soil Water andSalt . Beijing : Science Publishing Company .Bing Xu , Yaxin Chen , kezhen Guo , (２００７) . Spatial Variability of Soil and Vegetation in a Little Scale in Desert Grassland .

Research o f Soil and W ater Conservation , １４(６ ) :１７３‐１７５ .
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Changes of mineral nutriments in leaves of two tall fescue cultivars by foliar application of Iron
and Zinc under heat stress
Sheng Xu１ , 倡 ,X ingyuan He１ ,Wei Chen１ , Jianlong L i２
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Introduction Heat stress is a major environmental stress that adversely affects grow th and metabolism of cool‐season plants .Heat stress also lead to direct inhibition of nutrient uptake or cause essential nutrient deficiency and even change theconcentrations of basic nutrients ( Xu et al , ２００６) . There has been limited research concerning the mineral nutrient content ofdifferent turfgrass species or cultivars . The main objective of this study was to evaluate the effects of Fe and Zn by foliarapplication on the macronutrient and micronutrient concentrations of two tall fescue cultivars under heat stress .
Materials and methods Healthy sods of tall fescue ( Festuca arundinacea cv . Barlexas and Crossfire Ⅱ ) were collected from fieldplots at the Flower Cultivation Center , Nanjing University . Grass was grown in plastic pots (１２ cm in diameter , ２０ cm long )filled with sand and clay (２ /１ , v / v ) in the greenhouse . A １５ ml of exogenous FeEDTA ( １００ μM ) , ZnEDTA ( １００ μM ) ordistilled water ( control) were carried out once a week by spraying each of them onto the leaves for two weeks and then half oftreated‐pots was transferred into another grow th chamber at a temperature of ３８ ℃ / ３０ ℃ ( day / night) for two weeks .
Results and discussions Under heat stress , there was a tendency of increasing in K , Ca and Na concentrations in average for twotall fescue cultivars , but a tendency of decreasing in P concentration in average although there were no statistical differencesbetween some treatments . All the concentrations of macronutrient were within the sufficiency range for both tall fescuecultivars . The K levels for two tall fescue cultivars under all treatments resulted in K concentrations within the sufficiencyrange of turfgrass species ( ２０ .０ to ５０ .０ g K kg‐１ ) . Ca concentrations of ２ .１ to ２ .９ g Ca kg‐１ for two cultivars of St .Augustinegrass ( McCrimmon , ２００４ ) . In present study , the Ca concentrations were somewhat high compared to other studiesof both cool and warm season turfgrasses . Under heat stress , Mg concentrations in leaves of two tall fescue cultivars byapplication of Fe decreased significantly , which were compared to those untreated by application of Fe . However , there wereno statistical differences for both tall fescue cultivars by application of Fe and Zn under heat stress . Magnesium is important forturfgrass color and further study needs to be done on it related to the levels that different turfgrasses require under heat stress .Our result indicated that Fe levels in leaves of two tall fescue cultivars varied considerably between cultivars or amongtreatments , especially by application of Fe and Zn . Zn concentrations of two tall fescue cultivars are similar to the Znconcentrations that have been reported for cool season turfgrass .
ReferencesMcCrimmon , J . N . , ( ２００４ ) . Effects of mowing height , nitrogen rates , and potassium rate on Palmetto and Raleigh St .Augustinegrass . Journal o f Plant Nutrition , ２７ , １‐１３ .Xu S . , Li , J . , Zhang X . , et al . (２００６) . Effect of heat acclimation pretreatment on changes of membrane lipid peroxidation ,antioxidant metabolites , and ultrastructure of chloroplasts in two cool‐season turfgrass species under heat stress .

Env ironmental and Ex perimental Botany , ５６ , ２７４‐２８５ .
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Effects of grass growth stage on metabolisable energy concentration of fresh grass
T . Y an , C . P . Ferris , M . G . Porter and C . S . Mayne
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Introduction Fresh grass is the most important forage for ruminant animals across the world , whilst it is widely recognised thatthe nutritive value of fresh grass varies considerably with stage of grow th . There is little information in the literature on therelationship between stage of grow th and nutritive value within the same sward . The objective of the present study was todevelop a prediction method for ME concentration of fresh grass from chemical composition .
Materials and methods Fresh herbage was produced from the primary grow th of perennial ryegrass swards . Swards wereharvested daily at １３ .００ h , for a ７ week period , from early grow th to late maturity , and offered to ２ groups of dry , non‐pregnant dairy cows at a maintenance level of energy intake . Fresh herbage was offered twice daily with one portion given at
１４ .００ h and the other stored at ４ ℃ and offered at ０９ .００ h the following day . The first group of ４ cows was on treatment for ４weeks , with total collection of faeces and urine from week ２ to ４ . During the ４th week , grass for the first group was alsooffered to the second group of ４ cows , and faeces and urine collected for the second group for the last ３ days . Measurementswith the second group of cows continued until the end of week ７ . A similar procedure was repeated for the first regrow th fromthe same swards . Grass ME concentration was calculated using methane energy output , predicted from the equation developedusing the same dataset with the present study ( Yan , ２００８) . Weekly mean data were used to examine effects of stage of grassgrow th on ME concentration .

　 　 　 　 Figure 1 Relationship between A DF and ME content in
f resh grass .

Results and discussion Data obtained during week
４ ( overlap period) were used to evaluate effectsof cow group . There was no significantdifference in nutrient digestibility between thetwo groups . As expected , increasing grassmaturity from week １ to ６ increased DM (１７６ to
２３６) , ADF (２２５ to ２９２) and NDF (４７４ to ５４２ )contents ( g / kg DM ) , while reducing CP (１４５ to
６９) , lipid ( ３７ to １７ ) and GE contents ( １８畅５ to
１８畅１ MJ/ kg DM ) . Consequently , digestible OMin total DM ( DOMD ) and ME content ( １２ .４ ,
１２ .２ , １２ .２ , １１ .８ , １１ .５ and １０ .９ MJ/ kg DM )decreased from week １ to ６ . In the UK energyrationing system ( AFRC , １９９３) , DOMD is usedto predict ME concentration for forage ( ME
( MJ/ kg ) ＝ １６ DOMD ( kg / kg ) ) . The samerelationship developed using the present datasetindicates a slightly lower coefficient (１５ .５ , R２

＝ ０畅７１） ．

However , measurement of DOMD requires assessment of digestibility , which is not practical in commercial situations . Analternative option is to predict ME concentration from the chemical composition of the fresh herbage . In the present study , MEconcentration was positively related to ( P ＜ ０ .００１ ) CP ( R２
＝ ０畅６９） and lipid ( R２

＝ ０畅６５） concentrations , and negativelyrelated to ADF concentration ( Figure １ , P ＜ ０畅００１ ) . Using a stepwise technique , a strong relationship was developed topredict ME concentration ( Eq . [ １] ) , where WSC ＝ water soluble carbohydrates ; unit for GE and ME is MJ/ kg DM and forother nutrient g / kg DM .
ME ＝ ２ .５８７GE ＋ ０ .０２３DM‐０ .０５５ADF‐０ .１３３Lipid‐０ .０１４WSC‐１９ .５( R２

＝ ０ .９３ ,s .e .＝ ０ .２０ ,P ＜ ０ .００１ ) [１ ]
Conclusions The ME concentration of fresh grass was significantly related to DOMD and CP , lipid and ADF concentration . Avery strong relationship was developed to predict grass ME concentration from chemical composition .
ReferencesAFRC , (１９９３) . Energy and protein requirements of ruminants . CAB International , W alling f ord , Oxon , UK .Yan , T . and Mayne , C . S . (２００８) . Prediction of methane emission of dairy cows offered fresh grass at maintenance feedinglevel . Presented in the p resent Proceedings .
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Plant community and soil nutrient characteristics of trampling disturbance in a Kobresia humilis
community along the road in Naqu , Tibet
Jinhua Zhang
Department o f G rassland Science , S ichuan A gricultural University , Y a摧an , China ,E‐mail :z hang j inhua９９０ ＠ msn .com
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Introduction Plant community characteristics and soil nutrients were investigated in trampling disturbance in a Kobresia humiliscommunity along Qi‐Zang road .
Materials and methods Eight sample sites in different successional stages were selected . These varied on time of reconstructionof the Qi‐Zang road during １９７３ , １９８４ , １９９１ ～ １９９６ and ２００４ , and represent restoration stages １ , ２ , ３ to ７ , respectively .Grassland within animal pens was selected as a control or stage ８ , which represented the climax community . The samples alongthe road were repeated for ４ times with an interval of ２ ～ ２０ meters .The investigation was conducted in August of ２００３ and ２００４ when the vegetation was most abundant . We determined the plantspecies , vegetation cover , number of tillers , and frequency ( Tilman D & Downing JA . , １９９４) . Soils from eight different siteswere sampled at two depths ( ０ ～ １０cm and １０ ～ ２０ cm ) . Each soil sample was a composite consisting of five sub‐samplescollected from each site . Soil OM , TN , AN ,TP ,AP , TK , AK , pH and CEC were measured .
Results
Quantitative characteristics of the community The main quantitative characteristics of the community increased remarkably duringthe process of succession , all of them varied logistically except the height . The density increased from from ３３６ind/m２ to ４ ,
４９０ind/m２ . The height of the community increased from ０ .５８cm to ２ .３４cm( H ＝ ２７畅２１９９ / (１ ＋ e(‐( x‐２５ .０２４９ ) / ６ .４６３７ ) ) ,R ＝ ０ .７４３９ ,n
＝ ２４) . The coverage of vegetation was increasing with succession(C ＝ １０９ .５１８１ / (１ ＋ e(‐( x‐５ .３８５９ ) / １ .３１４１ ) ) ,R ＝ ０ .９８５６ 倡 倡 ,n ＝ ２４) .The above‐ground biomass was more than below‐ground , but they all increased logistically ( BMup ＝ ５１４ . ９０３５ / ( １ ＋e(‐( x‐８ .６４０５ ) / ２ .８７０５ ) ) ,R ＝ ０ .９４５４ 倡 倡 ,n ＝ ２４ ,BMunde r ＝ ７５１１畅６５２ / (１ ＋ e(‐( x‐７ .０３８９ ) / １ .２７６６ ) ) ,R ＝ ０ .９５１５ 倡 倡 ,n ＝ ２４ ,) .
Plant diversity The plant diversity ( y) varied logistically with the stages ( t) , ( y ＝ a/ (１ ＋ e‐( t‐t０ ) / b ) . The plant diversity was lowduring the early stage , higher during the climax stage , and highest during the intermediate stages .
Soil nutrient Serious erosion occurred after trampling disturbance , and the soil nutrient contents decreased . Along withvegetation recovery , soil nutrient condition improved , with an increase in each nutrient element . But the soil recovery processlagged behind vegetation recovery .The dynamics of TN , TP and TK are very similar , and significantly interrelated with organic matter . With the biomasschanging , pH value changed affecting the available phosphorus complex . The dynamics of available potassium is differentcompared with total potassium , total nitrogen and total phosphorus , it is high with trampling and stable in the other stages .
Conclusion The main quantitative characteristics of the community increased remarkably during the process of succession . Plantdiversity varied logistically with the stages . Soil recovery process lagged behind vegetation recovery .
ReferenceTilman D & Downing JA . Biodiversity and stability in grassland[ J] . Nature ,１９９４ ,３６７ :３６３ ～ ３６５ .
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Study on the salt resistance of rhizobium in Gansu province
X . F . Zhang , S . L . Shi 倡 ,S . Q . Zhang , R . F . Zhu
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Introduction Biological nitrogen fixation is a bioprocess second only to photosynthesis and provides １４ × １０

１０ kg Nitrogen bysymbiotic nitrogen fixation to the earth every year , therefore , it has a great effect . Rhizobium strains selected from alfalfa indifferent areas in Gansu were used to test salt‐resistance and select the proper strains for the areas of Northwest China .
Materials and methods Thirty one rhizobium strains , which are beneficial to plant grow th , were isolated from two kinds ofalfalfa ( Medicago sativ a cv . Longdong and Medicago sativ a cv . Alogonquin ) from different areas in Gansu Province .Experiment was conducted using the culture medium method(White et al ,１９９５) .
Results and analysis Major strains are tolerant to ３５g / L NaCl . Tests indicate that salinity tolerance of WA２４ is the best , and itcan grow well in ５５ g / L NaCl . The better strains are GL１６ ,QA３１‐B and WA６２A growing with ５０g / L NaCl . DA５３ , QL３１Band TL４７ can grow in acidic conditions with a pH of ３ .５ , and DL６７ , GL２１ , QA３１B , WA３２ can grow in alkaline conditionswith pH of １２ .０ . This study indicates that ３１ strains treated with acid condition can grow in pH ３ .５‐５ .０ ; very few can tolerate
pH３ .５ . The pH limit of ３１ strains treated with alkali condition is ９ .０‐１２ .０ . In the test with Kanamycin , ３１ strains can growwell in ２０mg /L , the strains which tolerated ５０mg/ L were DL６７ , DL８１ , GL１６ , QA４６A , TL２２A , TL４７ , WA２４ , WL５３ ,WL６８ . In studies with Acillin , ３１ strains grew well in ５０mg /L , the strains which tolerated １００mg / L were QL３１B and TL４７ .
Results and discussions In the salt tolerance experiment , ７４ .５％ strains , with stood the concentration of ４ .５g / L NaCl . In thisexperiment , Wuwei WA２４ can with stand the highest salt concentration . The measurement with antibiotic showed that DL６７ ,DL８１ , GL１６ , QA４６A , TL２２A , TL４７ , WA２４ , WL５３ , WL６８ could tolerate ５０mg/ L Amikacin sulfate , and QL３１B , TL４７could tolerate １００mg/ L Ampicillin . Most of them from Longdong alfalfa in Gansu had excellent adaptiveness .
Conclusion The results show that grow th of strains decrease with an increase in antibiotic concentration . Generally , it issuggested that the typical continental arid and semiarid environment in which Gansu Province is located is the reason that mostof the strains isolated from alfalfa in Gansu had better salt tolerance .
ReferenceWhite L O . The taxonomy of the crown gall organism Agrobacterium tumefaciens and its relationship to rhizobia and otheragrobacteria , J Gen Microbiol , １９９５ ,４５ ;７０６‐７１１ .
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Investigations on soil fertility of Medicago varia and Bromus inermis stands
Yongliang Zhang , K ai Gao
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Introduction The effects of forage cropping on soil fertility have not been well determined even though positive results have beenreported for some spieces in certain areas ( Cadisch et al . ,１９９４ ; Jianguo Han et al . , ２００４) . The objective of this study was todetermine the changes of soil organic matter and soil available nitrogen of Medicago v aria and Bromus inermis stands duringthe subsequent years af ter establishment .
Material and methods The plots were established at the experimental farm of Inner Mongolia University for Nationalities , inTongliao , Inner Mongolia on May ８ , ２００３ . The initial soil fertility of the ０‐３０ cm layer : organic matter １８ .３６ g / kg , availableN ５８ .４５ mg / kg , available P２O５ ３８ .６６ mg / kg , available K２ O １２３ .６７ mg / kg . Medicago varia was seeded at the rate of １５kg / hm２ in monoculture and ４ .５ kg / hm２ in the mixture ; Bromus inermis was seeded at the rate of ２２ .５ kg / hm２ and １５ .７５ kg /hm２ in the mixture . Soil samples were taken on April １７ , ２００５ and April １２ ,２００７ and the soil organic matter and soil availableN were tested in the laboratory .
Results The greatest soil organic matter accumulation occurred in the Bromus inermis stand , and the intermediate accumulationoccurred in the Medicago varia and Bromus inermis mixture ( Table １) . Soil organic matter of all three layers of all the threestands increased with the advancement of time , reinforcing the opinion that perennial forages ( either legumes or grasses) havean important role in soil structure improvement .
Table 1 Contents o f soil organic matter and available nitrogen o f three stands .

Sampling time Soil layer Medicago varia Mixture Bromus inermis
OM AN OM AN OM AN

０‐１０cm ２４ 妹.４６bB ５７  .４９aA ２６ T.５０aAB ５６ 湝.８０aA ２７ 滗.４aA ４９ ,.９３bA
２００５‐４‐１７ 3１０‐２０cm １８ 妹.５６bB ７９  .１０aA ２０ T.４８bAB ７８ 湝.５１aA ２３ 滗.３１aA ７３ ,.６４bA

２０‐３０cm １１ 妹.６８aA ４９  .７７aA １２ T.５３aA ５０ 湝.４４aA １２ 滗.１８aA ４７ ,.６８aA
０‐１０cm ２６ 妹.３９bA ６５  .４１bA ２８ T.７５abA ７０ 湝.０９aA ３２ 滗.２８aA ５７ ,.７３cB

２００７‐４‐１２ 3１０‐２０cm ２１ 妹.００bA ６０  .３２abA ２４ T.６３aA ６１ 湝.９９aA ２５ 滗.２２aA ５５ ,.２２bA
２０‐３０cm １７ 妹.１４aA ４０  .６０abA １６ T.８２aA ４５ 湝.８０aA １８ 滗.４３aA ３７ ,.１８bA

Note :Means with different capital letters in same soil layer indicate extremely significant differenc( P＜ ０ .０１) ,and small letters( P＜ ０ .０５) for significant difference . OM‐soil organic matter( g / kg ) ; AN‐soil available nitrogen (mg / kg ) .For soil available nitrogen accumulation , the Medicago v aria and Bromus inermis mixture showed the greatest positive effect ,and the Bromus inermis stand showed the least . In ２００７ , available nitrogen content in the ０‐１０ cm soil layer of Medicago v aria
and Bromus inermis mixture was ２１ .４１％ higher than that of Bromus inermis stand .
Conclusion Both soil organic matter and soil available nitrogen increased gradually in three stands with the advancement of time .Soil organic matter increased most in the Bromus inermis stand , whereas , Bromus inermis and Medicago varia mixture wasmore beneficial to the accumulation of soil available nitrogen .
ReferencesCadisch ,G .R , Schunke , M . , Giller , K .Z . ,( １９９４ ) .Nitrogen cycle in monoculture grassland and Legume‐grass mixture inBrazil Red soil . T rop Grasslands ２８ ,４３‐５２ .Jianguo Han , Yongwei Han , Tiejun Sun et al . ,(２００４) . Effects of returning cultivated land to herbage on soil organic matterand nitrogen in the agro‐pastoral transitional zone of north China . A cta p rataculturae sinica １３ , ２１‐２８ .
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Effects of K＋ on Na＋ uptake and accumulation in a wild Halophyte grass Suaeda maritime
JinL in Zhang１ ,SuoMin W ang１ ,T imothy J . Flowers２ , JianY i Cai１
１ School o f Pastoral A griculture Science and Technology , Key L ab o f G rassland A gro‐ecosystem , M inistry o f A griculture ,
L anz hou University , L anz hou ７３００００ ,China ; ２ School o f L i f e Sciences , University o f Sussex , Falmer , Brighton , Sussex
BN１ ９QG , UK ,E‐mail : j lz hang＠ lz u .edu .cn

Key words :K ＋ transporters , ２２ Na＋ influx , Na ＋ accumulation
Introduction Limiting Na ＋ uptake and accumulation in the cytosol is the key measure to improve plant salt tolerance ( Flowers ,
２００４ ) . However , Na＋ uptake pathways in higher plants are not so clear by now .Wang et al .(２００７) reported that two distinctlow‐affinity Na＋ uptake pathways exist in S . maritima : Pathway １ might be mediated by a high‐affinity K ＋ transporter under
２５ mM NaCl that is insensitive to TEA ＋ or Cs ＋ , but sensitive to Ba２ ＋ and pathway ２ by an AKT１‐type channel under １５０ mMNaCl that is sensitive to TEA ＋ , Cs ＋ , or Ba２ ＋ . Here we reported that the turning‐point of external salt concentrations for thetwo pathways and the effects of K ＋ on ２２Na ＋ influx and accumulation in S . maritima .
Materials and methods １７‐day‐old seedlings were transferred to non‐KNO３ Hoagland solution supplemented with ３concentrations (０ , １０ , and ５０ mM ) of KCl and various concentrations ( ２ .５ to ２００ mM ) of NaCl for ３ d before beingtransferred to equivalent solutions labeled with ２２ Na＋ or harvested for measurements of influx or concentrations , respectively .Values are means SD( n＝ ６ for influx or ８ for concentration test) and bars indicate SD ( P＜ ０ .０５ , Duncan test) .
Results Ba２ ＋ inhibited ２２Na ＋ influx significantly under various NaCl concentrations , however , TEA ＋ showed significant effectsin reducing ２２Na ＋ influx when the external NaCl concentration was above １００ mM ( Figure １ ) . １０ mM KCl had no significanteffect on ２２ Na＋ influx under various NaCl concentrations , but ５０ mM KCl blocked ２２Na ＋ influx significantly when NaClconcentration was above １００ Mm( Figure ２) . １０ and ５０ mM KCl both reduced NaCl concentration in roots under various NaClconcentrations ( Figure ３ ) , however , NaCl concentrations in shoots were reduced by ５０ mM KCl when external NaClconcentration was below ７５ mM and by １０ mM KCl when below ２５ mM ( Figure ４) .

　 　 Figure 1 E f f ects o f TEA ＋ and Ba2 ＋ on
22 Na＋ in f lux . Figure 2 E f f ects o f K ＋ on 22 Na＋ in f lux

under v arious NaCl concentrations .

Figure 3 E f f ects o f K ＋ on Na＋ accumulation in roots . Figure 4 E f f ects o f K ＋ on Na＋ accumulation in shoots .

Conclusions The turning‐point of external salt concentrations for the two pathways was between ７５ and １００ mM . K ＋
（１０ or ５０mM) had no effect on ２２ Na ＋ influx at concentrations below ７５ mM NaCl , but ２２ Na＋ influx was inhibited by ５０ mM K ＋ whenthe external concentration of NaCl was above ７５ mM . However , the affecting mode of K ＋ on NaCl concentration in both rootsand shoots with increasing external concentration was different from that on ２２ Na＋ influx .

ReferenceFlowers T .J . ( ２００４) Improving crop salt tolerance . Journal o f Ex perimental Botany ５５ : ３０７‐３１９ .Wang S . M . , Zhang J .L . , Flowers T . J . ( ２００７ ) Low‐Affinity Na＋ Uptake in the Halophyte Suaeda maritima . Plant
physiology , １４５ :５５９‐５７１ .
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Microbiological quantitive assessment on soil health in a degraded grassland
Ji Zhao , Jie Y ang and Yuqing Shao
College o f L i f e Sciences , Inner Mongolia University , Hohhot , ０１００２１ ,China . E‐mail : ndz j＠ imu .edu .cn

Key words :Degraded grassland ;Soil health ; Biological quality ; Microbiological index ; Quantitative assessment
Introduction Soil is a vital and finite resource that can maintain to the function of terrestrial ecosystem and represents a uniquebalance between physical ,chenical and biological factors . The phenomenon of soil degradation and soil pollution has becomingmore serious , and structure and function of soil ecosystem are disorderly , jeopardize human health and existence . Soil qualityand soil health determine the sustainable productivity of biology and quality of environment in future .
Methods The microbiological quality of soil health in different degree degraded typical grassland in Xilin river basin of InnerMongolia was analyzed by simple microbial biomass and respiration measurements in the soil . Control sites for comparison ofresults are the best solution for evaluation of soil health , the plant original community by fencing reserve for ２３ years that ischosen as an ideal control site of non‐contaminated and background soil in the steppe .
Results The results showed that ４ basic parameters : microbial biomass‐C (Cbio ) , available organic‐C (Cext ) , basal respiration‐C( CBR ) , potential respiration‐C (CBR ) , and ５ derived parameters : metabolic quotient ( CBR /Cbio ; or qCO２ ) , respiratory activationquotient ( CBR /CPR ) , potential respiration quotient ( CPR /Cbio ) ,mineralization quotient ( Cext /Cbio ) , and Humic Efficiency ( Cext /CBR ) could provide enough information for evaluation of the status of soil biological quality . The derived parameters could beused as eco‐physiological quotients for assessing soil biological quality . Using these indexes showed the control sites Y２ and Y１( fencing reserve ２３ years) as an ideal control site displayed very high content of the microbial biomass and the lowest metabolicquotient of all soils , and higher respiration and available organic carbon , it was health soil . Light grazing site Y３ ( fencingreserve only ５ years) was in an average leavl . Moderate grazing site Y４ ( nature grazing out of fencing ) displayed below‐averagemicrobial biomass with rather lower basal mineralization activity and the humic efficiency was lower for lacking of theappropriate substrate in the soil .The microbes were clearly exposed to the stress effect . Because the energetic requirements arehigher ; excessive grazing Y５ site ( out of fencing ) displayed lower microbial biomass carbon and available organic carbon andwas no better than Y４ and not healthy . Therefore , microbial parameters have showed great potential to become the earlywarning and quantity indicators for monitoring the stresses or perturbations in soils ecosystems .
Table 1 Soil health index‐standard o f eco‐ f ertility indicator .
Standard level of eco‐fertility Ⅰ ( best) Ⅱ ( better) Ⅲ ( normal) Ⅳ ( bad) Ⅴ ( worse) Ⅵ ( worst)
Microbial biomass‐C(mg / kg ) ＞ ５５０ /５５０ ～ ４０１  ４００ ～ ２７１ J２７０ ～ １４１ 拻１４０ ～ ８０ �＜ ８０ j
Sites Marsh Y２  Y１ ,Y３ 腚Y４ ,Y５ 3Sands
Conclusions Assessing system of soil biological quality is proposed firstly , key indexes of for assessing soil health contain theeco‐fertility , eco‐physiology , and eco‐resilience parameters has selected . The preliminary graded standard of soil health insteppe has set up . This research has offered the biological basis of land management and soil degradation , and offers thescientific method for studying on toxicology of the contaminated soil , and gets the foundation for the formulation of �Healthstandard of agricultural soil " .
ReferencesHofman J ,Bezchllebova J ,Dusek L et al ( ２００３ ) Novel approach to monitoring of the soil biological quality [ J ] . Env ironment

International ,２８ :７７１‐７７８ .Anderson TH ( ２００３ ) . Microbial eco‐physiological indicators to assess soil quality [ J ] . Agriculture , Ecosystems and
Env ironment , ９８ :２８５‐２９３ .
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Response of �Lanyin Ⅲ �zoysiagrass to watering and fertilization
X . J . Zhong , J . M .Zhang ＊ ,J . Zhang
South G rass Research Center o f South China A gricultural University , Guangz hou ５１０６４２ , China . 倡 Correspond author E‐
mail : j immzh＠ sina .com

Key words :�Lanyin Ⅲ�zoysiagrass , watering , fertilization , soluble sugar , POD , leaf water potential , chlorophyll
Introduction Over‐watering and over fertilization of ten led to poor turf quality (White et al . , １９９３) . This study was conductedto determine the physiological response of �Lanyin Ⅲ�Zoysiagrass under water‐fertilizer integrated controlling .
Materials and methods ２７ pots of �Lanyin Ⅲ �Zoysiagrass cultivated in the sand dominated root‐zone were treated with wateringof ３ levels(W１ :２０％ E０ ,W２ :６０％ E０ ,W３ :１００％ E０ ) as main treatment and fertilization of ３ levels ( F１ :N１ .５ g m‐２ ,F２ :３ .０ gm‐２ ,F３ :６g m‐２monthly at the same N :P :K ratio of ４ ∶ １ ∶ ２ ) as secondary treatment and replicated ３ times . Soluble sugar ,peroxides ( POD) , leaf water potential ( LWP) and chlorophyll were measured during drought stress and after rewatering .
Results and discussionThe results showed that controlled watering and fertilization had significant effects upon the physiological characteristics of
�Lanyin Ⅲ�Zoysiagrass . Soluble sugar accumulated dramatically under ２０％ E０ watering level , but it kept lower level whenwatering was sufficient and after rewatering , ( Figure １ ) .The leaf water potential was significantly lower under ２０％ E０watering level , whereas fertilization had no effects on it in sufficient watering condition ( Figure ２) . POD activity was distinctlyhigh when watering was limited , which indicated that drought resulted in Lanyin Ⅲ �zoysiagrass injury especially with highfertilization ( Figure ３ ) .Water stress could reduce the synthesis of chlorophyll , however under higher water condition thecontent of chlorophyll was lower due to dilution of abundant water ( Flexas et al . , １９９９ ) ( Figure ４ ) .In combination withwatering , fertilization and their effects it was concluded that �Lanyin Ⅲ �Zoysiagrass could grow well under the condition ofwatering of ６０％ E０ and fertilization of N１ .５‐３ .０g m‐２ monthly .

Figure 1 The e f f ect o f di f f erent treatments on
soluble sugar .

Figure 2 The e f f ect o f di f f erent treatments
on LW P .

Figure 3 The e f f ect o f di f f erent treatments on
POD activ ity .

Figure 4 The e f f ect o f di f f erent
treatments on chlorophy ll .

ReferencesFlexas , J . , Escalona , J .M . , Medrand , H . ( １９９９ ) . Water stress induces different levels of photosynthesis and electrontransport rate regulation in grapevines . Plant , Cell and Env ironment , ２２ , ３９‐４８ .White , R .H . , Engelke , M .C . , Morton , S . T . , et al . (１９９３) . Irrigation water requirement of zoysiagrass . Int . Tur f grass
Soc . Res . J . ７ , ５８７‐５９３ .
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Effects of fertilizer and plant density on the fresh biomass of Sudan grass
Zhongsheng Zhi ,倡 Guip ing Y ao , Jianguang W ang , Meihua Gao , Meihua L i
College o f A gronomy , Inner Mongolia A gricultural University , H uhhot , China , ０１００１８ , Phone : ０４７１‐４３０１３１７ ,
E‐mall : mrz z s＠ １２６ .com

Key words : Sudan grass Neinong No .１ ,mathematic model ,yield , planting density , fertilization
Introduction Sorghum sudanense Stapf . cv . Neinong No .１ was a hybrid of Sorghum and Sudan grass bred by our group . Theobjective of this study was to evaluate the effects of planting density and fertilizing level on fresh matter ( FM ) yield of NeinongNo .１ . The optimum cultivation condition was obtained .
Material and methods Sudan grass No .１ was seeded with four randomized replications for １１ treatment plots and one controlplot in a greenhouse in ２００６ . The area of each plot was １４m２ . The experimental field located in Huhhot . Data were analyzedwith SAS ９ .０ sof tware .
Results and analysis
Regression analysis of FM yield of Sudan grass The relation between FM yield and other factors were analyzed with the regressionsimulation method at different harvest time . One regression equation was obtained with stepwise regression :
y２ （FM weight ( kg ) /２ m２ ) ＝ － ３ .３５６９５ ＋ ０ .０３８８５x１ ＋ ３ .８７５３３x２ ＋ ０ .０６９９３x３ － ０ .３６９３６x４It is clear that the grass height ( x２ ) plays a major role in Sudan grass production . However , germination rate ( x１ ) had a minorinfluence on the FM yield .
Single‐factor analysis For two harvest times : July １９ and September ２ , the differences of FM yield between １１ treatment plotsand one control plot were not significant ( p ＞ ０ .０５) . If analyzed with single‐factor analysis of variance , however , the FM yieldof Sudan grass in No .９ treatment plot was highest ( p ＜ ０ .１５) , which was １４６１３畅９７kg /６６７m２ .
Conclusion In current study , the results showed that cultivating measurement combination of No .９ plot , in which plantingdensity was ４５０２２ plants/ ha and ２０kg additional urea was applied to the plot during the grow th , was optimum for themaximum yield of FM of tested Sudan grass , which was harvested for four times .
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Study on seasonal change of cu in system of soil‐grass‐livestock on the meadow around Qinghai
Lake
Xuehui Zhou , Hongshan Y ang ,Genz hu Chang ,X iaolin M iao and Jishan Chen
L anz hou Institute o f A nimal & Veterinary Pharmaceutics Sciences ,Chinese A cademy o f A gricultural Science , L anz hou
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Key words : zone of Qinghai Lake , meadow pasture , system of soil‐grass‐livestock , Cu , seasonal change
Introduction Seasonal change of Cu in the system of soil‐grass‐livestock ( sheep ) was studied on Meadow pasture around theQinghai Lake . The results will provide the basic data to accelerate seasonal animal husbandry , use reasonably grassland ,
prevent Grassland degradation and increase the benefit of ecological animal production .
Materials and methods The samples of Soil ,forage , serum in sheep and wool were collected in April , July and October ２００５ onMeadow around the Qinghai Lake , the samples were treated with traditional methods in the Lab . The objects were ten wethersin good condition . Content of Cu was determined in １８０‐８０ polarized Hitachi Zeeman atomic absorption spectrophotometer .The data were treated with SPSS１０ .０ software by single‐factor analysis of variance .
Results and discussion
Table 1 Change o f Cu in the system o f soil‐grass‐livestock in di f f erent seasons .
Season Soil( mg / kg ) Pasture( mg / kg ) Serum(mg /L ) Pair ( mg / kg ) Intake (mg / d)
Winter and spring ２０ 铑.９８ ± １ .２５A ６ 照.１１ ± １ .７９b １ 殚.３４ ± ０ .４５a １ �.９４ ± ０ .３５C ２ 2.６３ ± ０ .７６B
Summer １９ 铑.３７ ± １ .９２B ８ 照.９１ ± ２ .０１Aa １ 殚.４５ ± ０ .６３a ４ �.７１ ± ０ .５４A １３ `.７６ ± ３ .１０A
Autumn １４ 铑.６２ ± １ .５６C ３ 照.７７ ± ２ .１５Bc １ 殚.０９ ± ０ .２２a ３ �.７５ ± １ .１４B ３ 2.６０ ± ２ .０５B

From above table , as to zone around Qinghai Lake , in winter and spring , summer and autumn , Cu content in the soil waswithin the range of chestnut soil in China , however , this a little lower than the average content of the soil in Qinghai (２１ mg /kg ) . Therefore , the content in this area was suitable .Cu is an essential element to the grow th of pasture and livestock . Guang‐hui Li ,etc thought that the content of Cu above ５ mg/ kg could maintain their normal grow th , below ３ ～ ５mg / kg would be shortage . In our study , Cu content in pasture wasnormal in the spring and summer , but shortage in autumn around the Qinghai Lake .Low Cu content could result in lack of Cu in an animal , and lead to many symptoms , such as Anemia , diarrhea , movementdisorders and wool bleaching . Zhongchao Zheng found that the Cu requirements for sheep was ７ ～ １１mg / kg , but our resultsindicated that Cu content in pasture was below ６ mg / kg in the spring and autumn , the content couldn摧t meet the needs of thebody .The normal value of the serum Cu in sheep was from ０ .７ ～ １ .３ mg /L . in our experiment , Cu level in serum of sheep washigher than the normal level in summer . The Cu level was in normal range in other seasons .The Cu density in wool of healthy sheep was ３ .６８ ± ０ .７４mg/ kg . in this experiment , the Cu density in wool in winter andspring was lower than that in healthy sheep , so , Cu was shortage . The causes may be long wither , about ７ months .
Conclusion In the system of soil‐grass‐livestock around Qinghai Lake , The Cu content in the soil was suitable ; Cu content inpasture was normal in the spring and summer , but lack in autumn ; In the spring and autumn , daily intake for Cu couldn摧t meetthe needs of the body ; The serum level in sheep was higher than normal levels in the summer , while , in winter , spring andautumn , the level was normal . Cu in wool was shortage in winter and spring .
ReferenceZongpin Liu .Study o f modern animal nutrition and metabolic diseases .[ M ] .Beijing : Chemical Industry Press , ２００３ .
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Nutrient hotspots from patch burning in a Namibian rangeland
I . Zimmermann１ ,L . T j ilumbu１ and G . Diekmann２
１ Poly technic o f Namibia , P/ Bag １３３８８ , W indhoek , Namibia , E‐mail : iz immermann ＠ polytechnic . edu . na ,２ Farm
Ot jekongo , P .O . Box ５６０ ,Okahand j a , Namibia

Key words :BIOTA , bioassay , firebreak , nutrient hotspots , patch burning
Introduction Although fires have shaped savanna rangelands for millennia , most farmers have controlled lightning induced fireson their farms for past decades , with resultant change in rangeland condition . A few farmers have tried to apply prescribedburning to portions of their farms , mainly to try controlling bushes that have thickened on the land , but very few apply patchburning for biodiversity , such as promoted by Fuhlendorf & Engle ( ２００１ ) . The significance of nutrient hotspots to savannadynamics has been pointed out by Scholes & Walker (１９９３ ) . This study , falling under the Biodiversity T ransect Analysis inAfrica (BIOTA) program , learns from a farmer who applies patch burning .
Materials and methods Patch burning for biodiversity is applied at Farm Otjekongo ( ２１ .１３°S , １７ .９３°E) with a mean annualrainfall of about ４００mm in Namibia摧s Thornbush Savanna . A firebreak of ３０‐４０m width is heavily grazed by cattle withinmoveable electric fencing around the patch of roughly １０ha that then gets burnt with a head fire towards the end of the dryseason . T ransects of ５０m were permanently marked for various measurements , including the lengths of intercepted dung as anindex of herbivore pressure . Soil was collected at three burnt patches . At the patch burnt two years previously , soil was onlycollected from the burnt zone and nearby unburnt control , since the firebreak was no longer visible . At the patch burnt a yearearlier soil was also collected from the firebreak zone , while at the patch burnt in the year of sampling , soil was furthermorecollected before and immediately after the fire . Soil samples , augured to １５cm at １０ points spaced １０m apart on both sides of atransect , were mixed into the same bag for later distribution amongst １０ pots for radish bioassay to determine overall fertility .Five transects per zone were sampled this way . One radish was grown per pot and harvested after five weeks to measurediameter of the radish , length of the longest leaf , fresh mass ( including leaves) and brix of sap squeezed from the radish onto arefractometer . Fuel load , by clipping in ３４ randomly placed quadrats of １m２ at the last of the three patches to be burnt , was １ .
７４ ± ０ .２９ t / ha of dry grass .
Results Previously burnt patches still attract more large herbivores at least two years after burning . Dung covered １畅２９％ ± ０ .
４６％ of the firebreak after grazing compared with ０ .０８％ ± ０ .０４％ in the control . Figure １ shows differences in soil fertility from thefresh mass bioassay . Similar , but less significant , trends appeared from radish diameter , followed by leaf length , while brix showed aslightly opposite trend , with sap of thinner radishes generally more concentrated .

Figure 1 Fresh mass per radish grown on soils f rom three patches (each burnt in a di f f erent year) , grazed f irebreaks around
two o f those patches and unburnt controls nearby ( Error bars show 95％ con f idence limits ; Bars do not di f f er signi f icantly
at p ＜ 0 .05 i f they share any letter above them , by Tukey post‐hoc test) .

Conclusions The soil was more fertile where a patch was burnt two years earlier , as expected from the shallow calcrete layerevident there . Burning increased its fertility two years later compared with the unburnt control , presumably from dung andurine of cattle and game attracted to the burnt patch . The higher fertilities of firebreaks and more recently burnt patches ondeeper sandy loam are not significant at p ＜ ０ .０５ , but may become more pronounced over time .
ReferencesFuhlendorf , S .D . & Engle , D .M . ( ２００１ ) . Restoring heterogeneity of rangelands : Ecosystem management based onevolutionary grazing patterns . Bioscience . ５１(８ ) : ６２５‐６３２ .Scholes , R .J . & Walker , B .H . ( １９９３) . An African savanna : S ynthesis o f the Ny lsv ley study . Cambridge University Press .
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Conservation tillage influence on topsoil aggregation and carbon content on the Loess Plateau ,
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Introduction In the Loess Plateau , the deterioration of the environment and in particular soil erosion are severe . In addition tofrequent droughts in the area , soil is characterized as both having poor structural stability and as being infertile . Conservationtillage is believed to have beneficial effects on agricultural production , the environment and the economy . This paper reports thefindings of a study which investigated the soil aggregation stability , total carbon , organic carbon and inorganic carbon underdifferent tillage methods , in doing so it has aimed to confirm which tillage method and soil management program is most suitedto the Loess Plateau .
Materials and methods This long term conservation tillage experiment was carried out in the western Loess plateau ( ３５°４０′N ,
１０７°５１′E ) . Long‐term average rainfall was ５６２ mm . T reatments were conventional tillage ( T ) , conventional tillage withstubble retention ( TS) , no‐till ( NT ) and no till with stubble retention ( NTS) . A completed randomized block design with fourreplications was used . The soil samples were collected af ter wheat harvest and analyzed for the proportion of water‐stableaggregates ( ＞ ０ .２５mm) by wet sieving method . Total carbon ( TC ) , total organic carbon ( TOC) and total inorganic carbon( TIC) were measured by use of the combustion method with liquiTOC ( elementar , Germany) .
Results In the ０‐２ .５ , ２ .５‐５cm layers , the highest water stable aggregate ( ＞ ０ .２５mm) , organic carbon and total carbon contentfor were measured under NTS treatment , however for the ５‐１０cm layer these measurements were highest under the TStreatment . Stubble retention with no‐till had a significant effect on increasing the content of water‐stable aggregates ,OC andTC content for ０‐５ cm depth , compared with those under the T treatment . No‐till increased the organic carbon proportionwithin the total carbon pool significantly . There was a significant positive correlation between aggregate and OC content for topsoil ( P ＜ ０ .０１) ( see table) .
Table 1 Water stable aggregates p roportion and Carbon content under di f f erent tillage treatments a f ter seven years
imp lementation .

Soil depth ( cm) treatment Water‐stable aggregate proportion
( ％ ) ＞ ０  .２５mm OC( g .kg‐１ ) TC( g .kg‐１ ) OC/ TC

T ３５  .５１ ６ 3.３２ １６  .９３ ０ s.３８
TS ２６  .７２ ６ 3.９６ １７  .７７ ０ s.３９

０‐２ ..５ NT ３５  .８５ ７ 3.７６ １７  .６８ ０ s.４４
NTS ３７  .８５ ９ 3.４０ １９  .０８ ０ s.４９
LSD０ 创.０５ ４ 眄.７２ １ 3.０２ １ 佑.８２９ ０ s.０７５
T １９  .３ ６ 3.４０ １６  .５８ ０ s.３９
TS ２２  .０３ ５ 3.８３ １７  .３０ ０ s.３５

２ 後.５‐５ .０ NT ２８  .８３ ６ 3.８４ １７  .０２ ０ s.４０
NTS ３２  .０３ ８ 3.４３ １８  .５６ ０ s.４６
LSD０ 创.０５ ４ 眄.５１ ０ 3.９４ １ 佑.９９ ０ s.０７３
T １７  .５９ ６ 3.０１ １６  .７９ ０ s.３６
TS ２３  .５３ ６ 3.６４ １７  .５１ ０ s.３８

５ 後.０‐１０ .０ NT ２１  .９８ ６ 3.００ １６  .６１ ０ s.３６
NTS １８  .９８ ６ 3.６ .５７ １６  .９７ ０ s.３９
LSD０ 创.０５ ４ 眄.９ ０ 3.８７４ １ 佑.７３９ ０ s.０７２

Conclusion Conservation tillage had obvious effects on soil organic carbon improvement af ter seven years of implementation . Soilproperties under conservation tillage were both more suitable for crop grow th and long‐term soil sustainability , both of whichwill be beneficial to developing a more sustainable farming system in the Loess plateau .
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Long‐term effects of annual applications of N and S fertilizers to grassland on forage yield , root
mass , and soil pH , organic C and N on a Dark Gray Chernozem in north‐central Saskatchewan
S . S . Malhi１ and M . N yborg２
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Introduction Many soils in the Parkland region of Prairie Provinces of Canada contain insufficient amounts of both plant‐available N and S for high crop yields . Application of N and/or S fertilizers on grasslands can acidify soil or alter some othersoil properties , but also improve soil quality ( Malhi et al . １９９１) . The objective of this study was to determine the effects of long‐term N , S and/or K fertilization on forage dry matter yield (DMY) , root mass , plant species composition , and soil pH , total organicC ( TOC) and N ( TON) , and light fraction organic C ( LFOC) and N ( LFON) .
Materials and methods A field experiment on a perennial grass stand was conducted from １９８０ to ２００５ on a Dark GrayChernozem (Boralfic Boroll ) loam soil at Canwood in north‐central Saskatchewan , Canada ( mean annual precipitation ４２５mm) . The site had been under annual crops for several years in １９２０摧s or early １９３０摧s , and then allowed to revert to grassland .The dominant grasses at the start of experiment were bromegrass ( Bromus inermis Leyss) , Kentucky bluegrass ( Poa p ratensisL .) and rough hair grass ( A grostic scabra Wild) . There were five annual fertilizer treatments : １ . no fertilizer ( Nil) , ２ . １１２kg N ha‐１ （N) , ３ . １１ kg S ha‐１ （S) , ４ . １１２ kg N ＋ １１ kg S ha‐１ （NS) , and ５ . １１２ kg N ＋ １１ kg S ＋ ４０ kg K ha‐１ （NSK ) .Forage was usually harvested once in each growing season for determination of DMY . Plant species composition in １９９４ wasestimated using ground cover method . Soil samples in Nil , N , S , NS or NSK treatments were obtained at ５ or ７ .５ cm intervalsfrom the ０‐１５ and １５‐３０ cm depths in different years for pH , bulk density , and total and light fraction organic C and N . Rootmass was estimated by digging out soil from the ０‐１５ cm depth .
Results and discussion
Dry Matter Yield (DMY) and Root Mass Except in some years , application of N fertilizer increased DMY only slightly over theNil treatment . The DMY was increased considerably with combination of N and S fertilizers ( i .e . , NS treatment ) . Thisindicated that the response of hay yield to N was impeded by S deficiency in soil , and application of N together with S was aneffective way for increasing DMY . However , application of K in addition to N and S fertilizers only had moderate effect onincreasing DMY . Like DMY , root mass was greatest in treatments receiving both N and S fertilizers .
Plant Species Composition The composition of plant species changed markedly in various fertilizer treatments after long‐termfertilization . In the Nil treatments , land was covered with bromegrass , fine grasses and herbs ( dogwood ) . The S onlytreatment had vegetation generally similar to Nil , with slightly more vetches . In the N only treatment , the vegetation changeddramatically and there was virtually no bromegrass in the stands . The grass stand changed towards increasing predominantlybromegrass with combined applications of NS or NSK . Bromegrass is a higher yielding species than other grasses , which mayhave contributed to increased forage DMY due to combined N and S fertilization compared to other species .
Soil pH Soil pH in the surface soil layer was substantially decreased with annual applications of N and S fertilizers . Thedecrease in soil pH was more when only N fertilizer was applied compared to both N and S fertilizers together . In the ５‐１０ cmlayer , there was some depression in soil pH in the N alone treatment . In the deeper soil layers , soil pH tended to increase withN or NS fertilization in most cases , probably due to downward movement of Ca or other bases to these soil layers .
Organic C and N Storage in Soil Total organic C and total N in soil increased with annual applications of N and S fertilizerstogether ( NS treatment) . Annual applications of NS fertilizer treatments increased both LFOC and LFN considerably in thesurface soil layer . The NS treatment also increased LFOC and LFN in deeper layers . The increase due to NS application forLFOC as a percentage of TOC and for LFN as a percentage of TN indicated that application of N and S fertilizer could markedlyincrease light fraction of C and N sequestrated in soil , most likely due to increase in root mass from balanced fertilization ( Malhiand Gill ２００２) .
Conclusions Forage DMY increased considerably with combined application of N and S fertilizers and further improved when Kfertilizer was also applied ( NSK) , while N or S alone had limited effect on the DMY on this soil deficient in both available Nand S . Annual applications of N and S fertilizers reduced soil pH in the top １０ cm soil , mainly in the ０‐５ cm layer , while therewas a tendency for increase in soil pH in some deeper soil layers . Mass of TOC , TN , LFOC and LFN in the ０‐１５ cm soilincreased with NS application . There was a close relationship between DMY improvement and increase in C storage in soil fromproper fertilization . The findings suggest that application of balanced fertilization by alleviating all nutrient deficiencies is anappropriate strategy for sustaining high forage yield and increasing C and N sequestration in soil .
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Nutrition management in fodder grass production for fisheries in Hubei
F . Chen１ , J . W . Lu２ ,X . K . L i２ ,W . X . L i２ , H . X . Zhao２ , J . M . Lu３
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Introduction The Jianghan plain region of Hubei province is renowned for its ability to supply superior quality rich rice and fishstaples . Recent adjustment to China摧s national agricultural development plan have designated this region as one which is
particularly favorable to continued development and expansion of in‐land fisheries as a means for local economic improvement .Fresh fodder grass is a crucial feedstock for in‐land fisheries . As the fodder grasses usually planted on poor and marginal land ,improve its productivity through fertilization has been studied by the authors since ２００３ .
Materials and methods Field trial of fish grass was located in Datonghu State Farm , on alluvium soil with pH ８ .２ , OM １ .１４％ ,available N １３ .９ mg kg‐１ , P １３ .０ mg kg‐１ , K １６１ .７ mg kg‐１ , respectively . The fish grass was Sorghum Sudanense which isone of the main fish grasses cultivars in the region . Four treatments as : (１) N , (２) NP , (３ ) NK , (４) NPK with fertilizationrate : N ５４０kg , P２O５ １５０ kg , K２O １３５ kg ha‐１ . U rea as N source , SSP as P source and KCl as K source . All treatments with
４ repetitions and the plot area was ４１ .６m２ . Grass seed was sowed on April １３th w ith rate ６７ .５kg ha‐１ . The fish grass washarvested for ５ times on June １２th , July １１th , August ３rd , September ３rd , October １１th , respectively . The nutrient content andsome quality index such as protein , fat and fiber contents of grass were tested , To study the effect of feed fish with the grassesfrom different fertilization treatments on fish grow th , fish feeding experiment was also implemented . Plant analysis usedroutine methods .
Results The result showed that both P and K , when combined with N , increased fresh grasses yield compared to the check
( table １) . The highest cumulative yield over ５ harvests was obtained with the NPK combination and it supported a marginallyhigher yield level for the second harvest period . The economic benefit from NPK treatment also increased net profits to farmersby US ＄ ４６６ ha‐１ . Grass plant test result showed that plant K , P , Ca , Mg , Fe , Cu , Mn nutrient contents , crude protein andcrude fat contents of NPK treatment were higher than other treatments , except crude fibre content . The fish feedingexperimental result indicated that NPK treatment obtained highest fish production compared with other treatments .
Table 1 E f f ect o f f ertiliz ation on f ish grass f resh yields and nutrient contents and f ish grow th .
T reatment Grass yield ( kg ha － １ ) Grass N％ Grass P％ Grass K％ Fish weight ( kg plot － １ )
N ( CK) ６６ 殚.４３ (１００ 倡 ) ２  .３９ a ０ 敂.１７８ ab ２  .３７ cd ３ 櫃.２３ c
NP ７７ 殚.４９ (１１６ .６ ) ２  .３９ a ０ 敂.１７８ ab ２  .３５ d ２ 櫃.２４ d
NK ７９ 殚.９０ (１２０ .３ ) ２  .３３ a ０ 敂.１７１ b ２  .８４ ab ４ 櫃.８９ ab
NPK ８９ 殚.８６ (１３５ .３ ) ２  .４０ a ０ 敂.１８７ a ２  .９８ a ５ 櫃.０１ a

倡 Numbers in parentheses represent percent ( ％ ) relative yield .
Conclusions Fertilization could greatly increase the fresh yield of fish grass in Hubei province . Balanced fertilization showedbetter response from grass yield , quality and economic profit . For fish feeding , he high quality grass from NPK treatmentwhich was relative balanced plant nutrition obtained highest fish production in the experiment . Therefore , balance fertilizationfor fodder grasses should be recommended in this region .
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Study on the relationship between edaphon amount and soil type in desert grassland
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Introduction Soil microbial is key regulators pf energy and nutrient flux in ecosystems . Here we examined the type and quantityof soil microorganisms in different soils in Ningxia desert grassland vegetation type . Such information is of basic scientificinterest and may be useful in grassland restoration .
Materials and methods Vegetation measurements were made in the desert grassland in Yanchi County . Measurements includedplant height , cover , frequency and biomass . Bacteria were examined using a beef extract peptone agar count ; actinomycosiswas examined using a Gao medium count , fungi were examined using a Martin＇s Bangladesh‐count agar medium .
Results and discussion Bacteria counts differed depending on soil and vegetation types . Light loam soils had the largest numberof bacteria averaging ４５ .２７ × １０

６ / g dry soil . Light sand had the smallest number of bacteria averaging ８ .９ × １０
６ / g dry soil ;average number of bacteria on loam and sandy loam soils were ２７ .９ × １０６ / g dry soil and １８ .６３ × １０

６ / g dry soil , respectively .Different types of vegetation and soil types of actinomyces caused a significant number of changes , and actinomycosis number inthe tight sand ＞ the number of actinomyces in sandy loam ＞ the number of actinomyces in light loam ＞ the number ofactinomycosis in loam soil . Different types of vegetation and soil types of fungi caused a significant number of changes . Thenumber of fungal in loam was the average maximum about １１ .７３ × １０
３ / g dry soil ; the average number of the largest fungi intight sand was small about ３ .０３ × １０

３ / g dry soil ; followed by light loam and sandy loam soil fungi number in the volume were
８ .２ × １０

３ / g dry soil and ３ .９７ × １０
３ / g dry soil . Adverse ecological environment and the different tex ture had different soilfertility ; the different types of vegetation affected its advantages value and the distribution of microbial number correspondingdifferences . Due to the drought , soil potential fertility and effective nutrient was poor , the soil microbial volume was not high .At the same time the light loam and loam were better physical properties , so microbial content was relatively high . Soilmicrobial bacteria was exceeding other microorganisms ( normally １０７

‐１０
６
／ g dry soil) , actinomycosis( １０５

‐１０
４
／ g dry soil) andfungi (１０３

／ g dry soil) . But fungi had greater shape individual , according to the volume and the proportion of cells , bacteriaand fungi biological effects were the same . Because soil microbial was majority of the heterotrophic bacteria , and theirdistribution and soil organic matter content is significantly correlated , and physical and chemical properties of soil fertilitystatus on the distribution of microbes have a direct impact , these factors would lead to change in the number of micro‐organismsin the soil and composition of the grow th and decline change .
Table 1 Di f f erent soil ty pes and vegetation ty pes o f microorganisms quantity ( / g dry soil) .

soil types Bacteria( × １０６ ) Fungi / ( × １０３ ) Actinomycosis( × １０４ )
Tight [ ０ ] sand ８ `.９ ３  .０３ ４２ 0.５７

loam ２７ t.９ １１ +.７３ １０ 0.５７
Sandy loam １８ `.６３ ３  .９７ ２６ 0.１３
Light loam ４５ `.２７ ８ +.２ １８ 0.９７

ReferenceXu ,G . H . １９８４ . Glorious north slope of Changbai Mountain Nature Reserve forest soil microbial ecology distribution andbiochemical properties . Ecological Journals , ４ : ２０７‐２２３ .
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Correlations between soil properties and plant growth for special synthetic soils added with five
components used in high‐and‐cut rock slopes
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Introduction It is well known that the outside soil spray seeding ( OSSS) is most effective among the various techniques used forre‐vegetation of bare rock slopes because of its high mechanization , high efficiency and fast restoration ( Albaladejo‐Montoro ,
２０００) . However , study of Esther ( ２００４ ) showed that though OSSS behaved well on the low and gentle rock slopes whosegradients are less than ４５° , it was not effective on high‐and‐cut rock slopes . Previous studies on OSSS were mainly focused onthe improvement of engineering techniques ( Fowler and Maddox , １９７４ ; Carr and ballard , １９８０ ) . However , the physico‐chemical and biological properties of the soils after added different components used for OSSS remain less known . Therefore ,We designed a few of synthetic soils with five variables by using orthogonal array method to study the properties of the specialsynthetic compound soils .
Materials and methods Twenty‐five treatments were assigned to tray‐planted (４０ cm × ３０ cm × １５ cm) experiments by using anorthogonal array designs OAD２５ ( ５５ ) matrix with five levels for each factor and five replicates for each treatment . Italianryegrass was selected as the tray‐planted species to assess the status of plant grow th . Soil samples for each treatment werecollected by using soil core rings ( ３０ mm in diameter and ５０ mm in length ) . In the experiment , plant biomass , soil pH ,organic carbon , total nitrogen and phosphorus and soil invertase activities were used as response functions , respectively . Plantbiomass was dried at ６５ °C to constant weight and expressed on a weight basis . Above ground biomass was measured with theclipping method at plant maturity and below ground biomass was measured with the washing method . PH was measured byGlass calomel Electrode ( Smith and Doran , １９９６ ) . Organic carbon was measured by the methods of Mebius ( １９６０ ) . Totalnitrogen and phosphorus ( Bremner and Mulvaney , １９８２ ) . Enzyme activities was analyzed using the method of Schinner andMersi (１９９０ ) .
Results The Pearson�s correlation coefficient was used to quantify the strength of relationships existing among all the indices .The r‐matrix showed that most indices exhibited high and significant relationships between plant grow th , soil physico‐chemicaland biological properties at all concentrations of the five application factors . The plant biomass and showed highly significantand positive correlations with invertase as well as negative correlations with soil pH , total nitrogen and total phosphorous .These results indicated that the high pH and the over‐high soil available fertilizers have hurt the plant grow th . Considering thecorrelations between soil physico‐chemical and biological properties , soil pH was negatively and significantly correlated toinvertase activity , whereas organic carbon showed positively and significantly correlation with invertase activity , whichsuggested that the effects of soil phsico‐chemical properties on soil enzyme activities were significant .
Discussion From the results , we can see that the additive of five amendments significantly affected plant grow th and soil
physico‐chemical and biological properties .
ReferencesAlbaladejo‐Montoro , J . , Alvarez‐Rogel ,J . ,Qurerjeta ,J . ,Díaz ,E . ,Castillo ,V . ,２０００ . Three hydro‐seeding revegetationtechniques for soil erosion control on anthropic steep slopes . Land Degrad . Dev . １１ , ３１５‐３２５ .Esther , B . , Patricio , G .F . , ２００４ . Factors controlling vegetation establishment and water erosion on motorway slopes inValencia , Spain . Restor . Ecol . １２ , １６８‐１７４ .Fowler , D . K . , Maddox , J . B . , １９７４ . Habitat Improvement Along Reservoir Inundation Zones by Barge Hydroseeding . J .Soil Water Conserv . ２９ , ２６３‐２６５ .Smith , J . L . , Doran , J . W . , １９９６ . Measurement and use of pH and electrical conductivity for soil quality analysis . In :Doran , J .W . , Jones , A .J . ( Eds .) , Method . Assessing Soil Qual . WI . , pp . １６９‐１８５ .
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Effect of gradually water stress and recovery on photosynthesis , transpiration ,and stomatal
conductance in two plantago species
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Abstract Photosynthesis , transpiration , stomatal conductance and leaf water potential characteristics were examined in two
plantago species ( Plantago ovata and P .psy llium) ,w ith developing gradually water stress for several days af ter watering andthen permitted to recover by re‐watering .The photosynthetic rate ,transpiration rate ,and stomatal conductance decreased rapidlyby withholding water for ２ days . Af ter re‐watering the rate of recovery of photosynthesis , transpiration , and stomatalconductance decreased gradually as the days without watering became longer .The differences existed in rates of recovery of
photosynthesis ,transpiration ,and stomatal conductance following drought stress .Among the fractional recoveries the highestwas photosynthesis , and the lowest was stomatal conductance . Photosynthesis rate following drought stress was rapidlyrecovered until ２ days after re‐watering ,and then recovered slow ly .The critical time for the recovery of photosynthesis wasrecognized .The results show clearly a close correlation between the leaf water potential and the recovery level and speed of
photosynthesis ,transpiration ,and stomatal conductance .
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Iran
Ramin Nourqolipour
Senior Expert in Range Management ,Natural Resources A dministration o f Golestan Prov ince ,Gorgan , I ran ,Email : r ＿
nurqolipur＠ yahoo .com
Mohammad Jaf ary
A ssociate Pro f essor ,Faculty o f Natural Resources ,University o f Tehran ,K arad j ,I ran ,Email : j af ary＠ ut .ac .ir
M .Rez a Bihamta
Pro f essor ,Faculty o f A griculture ,University o f Tehran ,K arad j ,I ran ,Email : bihamta＠ ut .ac .ir

Key words : exclosure ,long term grazing ,Ah horizon ,rooting depth ,soil color .
Introduction Livestock exclusion induced great changes in the modifications in nutrient cycling of rangelands .The purpose ofthis study was to study effect of long‐term exclosure ( ４６ years ) on change of soil Carbon ,Nitrogen and color in Ah ( ＝ A１ )( Dormar and Willms ,１９９８) horizon and rooting depth ( Frank et al .１９９５) of rangeland plants .
Materials and methods Study area located in the semi steppe rangeland of Golestan National Park in North Khorasan Province ofIran .We sampled ３ heavily grazed by sheep and goat and ３ adjacent exclosures ungrazed by livestock for ４６ years .Soil sampledfrom Ah (１５ .１１ cm average thickness in ungrazed and ９ .９４ cm average thickness in heavily grazed) and rooting depth (５８ .１１cm average depth in ungrazed and ４７ .５５ cm average depth in heavily grazed) .
Results and discussion Long‐term exclosure increased Ah horizon thickness and rooting depth compared to heavy grazing ( P ＜
０畅０１) also had a significant effect on the N and C concentrations in the Ah soil horizon ( P ＜ ０ .０１) .In the rooting depth is notseen difference in C concentration between two areas also N concentration in soils sampled null in two areas .Long‐termexclosure influenced changes in soil color of Ah horizon from １０YR ５ / ４ （yellowish brown)‐１０YR ４ / ３ （dark yellowish brown)in ungrazed to １０YR ６ / ４ （light yellowish brown)‐１０YR ５ / ４ （yellowish brown) in grazed .In the rooting depth is not seensignificant difference in soil color between two areas .
Conclusions ４６ years of long‐term exclosure had measurable effect on N and C concentrations in the Ah horizon as comparedwith grazed areas .These results is supported by Frank et al .(１９９５) and Reeder et al .(２００４) but differ from Berg et al .(１９９７)who reported long‐term exclosure had no measurable effect on C and N concentration in the surface ５‐cm of soil .Changes in soilcolor of Ah horizon can be attributed to either decreased organic matter input into the Ah horizon or the upper part of the Bhorizon slow ly being incorporated into the Ah horizon due to erosional loss of Ah horizon soil or both ( Dormar and Willms ,
１９９８) .The Significant differences occurred in Ah horizon .
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Key points :
１畅 There is an increasing debate regarding the quality of pastoral environment . More than the production per se , a series ofmultifunctional responsibilities have been attributed to the pastoral ecosystems , that they always had , but have only becameimperative as the world natural resources became threatened .
２畅 The quality of the use of a pastoral ecosystem can be interpreted through signals emitted by their biotic and abioticcomponents . For example , plants and animals show patterns of behaviour that permit inferences about nutrient acquisitionstatus or nature of the competition being faced . As a result , the prevailing strategies of response in a given environmentindicate the selection forces involved that , in turn , determine particular adaptive attributes of plants and animals as aresponse to them .
３畅 The objective of this paper is to discuss patterns of behavioural responses of plants and animals based on the most commonsource of disturbance manipulated by human actions in a pastoral ecosystem , the grazing intensity .
４畅 It is suggested that the recognition and interpretation of plant functional groups and ingestive behaviour of animals should
provide the basis for the invention and planning of re‐oriented grazing management strategies to construct pastoralenvironments in agreement with the new expectations and demands of a changing world .

Key words : biodiversity , ingestive behaviour , plant functional types , Brazilian Pampa , sward structure
Threatened natural grasslands , grazing challenges and opportunities : the Brazilian Pampa example

Natural grasslands have been facing contradictory pressures in developing countries . On one hand , there is a need to producefood and contribute to the country摧s development . On the other , there is the need to preserve the environment and theecosystem . This dilemma is reaching a crucial point in Southern Brazil . Pampa is the most southern Brazilian biome andrepresents ２ .０７％ (１７６ ,４９６ km２ ) of the national territory ( Carvalho & Batello , ２００８) . Its subtropical natural grasslands arethe most important forage resource for almost １３ million cattle and ５ million sheep . Recent studies have shown that this natural
grassland ecosystem is under threat and disappears at a rate of ４１０ ,０００ ha per year ( Nabinger & Sant摧Anna , ２００７) , w ith only
３３ .８％ of its natural vegetation cover still remaining ( Hasenack et al . , ２００７ ) . The expansion of agriculture ( mainly cashcrops , forestation , etc .) , along with overgrazing are the most frequent actions threatening this biome ( Carvalho & Batello ,
２００８) .
Pampa is a complex vegetation comprised mainly of grasses ( especially A ndropogonea and Panicea) and herbs ( small shrubsand trees are occasionally found) with a great degree of biodiversity as Overbeck et al . (２００７) estimated the occurrence of ３０００
４０００ phanerophytes . Grazed grassland communities are heterogeneous and usually show a short inter‐tussock stratum ofprostrate species that is intensively grazed , and a taller stratum of plants with a more or less patchy distribution . Tussocks areoften comprised of tall‐tuf ted grasses with low forage value and other species that are unattractive to grazing animals ( shrubsand thorny species) . Thus managers and animals face a very diverse grazing environment to explore in floristic , functional andstructural terms .
Humans and grazing animals respond differently to the challenge of exploiting complex pastoral environments ( Carvalho ,
２００５) . Because humans do not know how to deal with heterogeneous environments , nor manipulate their dynamics , theynormally tend to replace complex with simpler systems ( e .g . mono specific pastures) as a means of increasing control . Theconsequence of misunderstanding the complexity of natural pastures is the low animal productivity attained ( ６０ kg LW .ha‐１ .
year‐１ ) , which does not compete efficiently with other economical alternatives of land use . On the other hand , grazing animals ,when allowed , are capable of successfully exploring heterogeneity and even benefit from it ( Rook et al . , ( ２００４ ) , since theyevolved in complex environments and developed a series of mechanisms that enables them to survive in such environments ( e .g .Villalba & Provenza , ２００７ ) . For example , Cortes et al . ( ２００６ ) pointed out that diverse grazing environments stimulatesanimals摧 intake . However , the most common is to find situations where animals face restrictions to their mobility and selectivity
( Bailey , ２００５) . By selecting forage , animals increase heterogeneity on the swards by reducing the most palatable species witha concomitant increase in the less palatable . This situation worsens and managers usually react by increasing stocking rate and/or adopting grazing strategies that restrict animal摧s choices .
In the Pampa Biome the course of history regarding natural grasslands is the same as for other areas of the world ( Suttie et al . ,
２００５) , and is related to an intensification process of the pastoral systems with significant reduction of biodiversity and
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degradation of natural resources . Nevertheless , the debate and awareness of how these natural resources are being misused isincreasing ( Nabinger & Sant摧Anna , ２００７) , and maybe it will not be necessary to reach an almost complete deterioration of theecosystem before important issues like environmental pollution and degradation , biodiversity and extensification start to beseriously addressed ( Lemaire et al . , ２００５ ) . In this context , knowledge of the plant‐animal relations in such complexenvironments is important to describe the nature of and generate interest in the interacting processes under those conditions .This would facilitate communication and getting people aware of how dependent they are on the conservation of those resources .In spite of the difficulties of debating issues like this in developing countries , it is essential to encourage public policies andmanagement actions aimed at striking an adequate balance between the conflicting objectives of production and conservation( Carvalho & Batello , ２００８ ) . In South Brazil , preservation of Pampa cannot be separated of their natural vocation , i .e . theeconomical exploitation of domestic herbivores . As a result , ecological arguments should not be considered without taking intoaccount the need to achieve satisfactory animal productivity . However , there is an opportunity to incorporate ecologicalvariables into the pool of �productive" variables used to guide the actual use and management of such ecosystems , that being thepurpose of this paper .
Plant‐animal relations in heterogeneous environments : focus on plant strategies

It may seem logical that the necessary characteristics for plants to survive in desert habitats are not the same as those requiredfor humid tropical/ sub‐tropical habitats . This simplistic observation implies that each habitat determines adaptivecharacteristics to plants that would allow them to exist . The edaphic and climatic potential of the environment in associationwith the local floristic diversity and its evolution history with grazing and fire , for example , determine the type of vegetationpotentially capable of existing in a given habitat . Even though there is a wide range of possible vegetation types , it is thecurrent characteristics of the habitat that will define the type and structure of the existing vegetation . The fact that ecosystemsshow variable patterns of making nutrients available to plants , as well as the amount and type of predators inhabiting them ,allow for the existence of contrasting strategies of grow th and resistance ( e .g . , prostrate sward forming or tall‐tuf ted species ,short and long life cycle , fast and low growing plants , etc .) . Further , when grazing and other management interventions areconsidered , there is the definition of a vegetation structure that reflects , at a given point in time , the result of a �localselection" process ( Carvalho et al . , ２００７) .
Recently , there has been increasing interest in a functional approach for interpreting plant strategies and their impact onecosystem dynamics ( Garnier et al . , ２００４) . The description of the floristic composition and identification of individuals is lessimportant ( Sosinski Junior & Pillar , ２００４) than identifying groups of plants with similar functions in the ecosystem (Gitay &Noble , １９９７) . The basic assumption is that the prevailing conditions in a given ecosystem will select the pool of markers( functional types) more correlated with the vital functions of the species ( but see Wright et al . , ２００４ ) . In this context ,markers are defined as measurable morphological , physiological and/ or propagation traits , and can be classified as �responsetraits" , when they indicate responses of plant communities to variations in their environment , or as �effect traits" , when theyindicate the effect of plant communities upon how the ecosystem work ( Lavorel & Garnier , ２００２) . A list of markers has beenevaluated by several authors ( e .g . , Pontes , ２００６) as a means of studying plant communities in different observational scales .It has been demonstrated that once efficient markers for functional strategies of plants have been identified , they will becomeimportant for diagnosing and managing grasslands ( Cruz et al . , ２００２ ) . For example , response traits related to high soilfertility are high specific leaf area ( SLA) , high nutrient concentration ( particularly N ) , low leaf dry matter content ( LDMC) ,short leaf lifespan ( LLS ) , and high rates of photosynthesis and respiration ( Wright et al . , ２００５ ) . Species adapted to suchenvironmental conditions usually show high rates of grow th and turnover of plant organs . As a result , leaves are short lived and
plants have high nutrient requirements . On the other hand , response traits related to low soil fertility are low SLA , low Ncontent , high LDMC , high proportion of cell wall constituents and high LLS (Westoby et al . , ２００２) .
The adaptive strategies of plants to high grazing intensities keep similarities to those related to high soil fertility ( Cruz et al . ,
２００２) . In fact , strategies for high soil fertility conditions can be considered as tolerance mechanisms to grazing , since theyinvolve responses related to high rates of plant grow th ( Diaz et al . , ２００１ ) . Conversely , the characteristics that favouradaptation of plants to low soil fertility conditions are associated with low herbage quality and , consequently , low intake . SLAis negatively correlated with LLS (Westoby et al . , ２００２) that , in turn , is negatively correlated with nutritive value . Accordingto Pontes et al . ( ２００７ ) , herbage dry matter digestibility has negative correlation with LDMC and positive correlation withSLA , corroborating the propositions of Garnier et al . (２００４) , which indicate that SLA and LDMC correspond to central traitsto diagnose vegetation types . The application of these markers in pastoral environments would allow characterisation andclassification of the existing vegetation in terms of potential productivity and nutritive value ( Cruz et al . , ２００２) .
The proposition of assessing grasslands through their prevailing plant functional types was tested by Quadros et al . (２００６) ona natural pasture in South Brazil . The existing vegetation had been subjected to contrasting grazing intensities ( daily herbageallowances of ４ , ８ , １２ and １６ kg DM /１００ kg LW) during １７ years ( Carvalho et al . , ２００７) , and their interaction with differentconditions of natural soil fertility generated four large functional groups distinguished by LDMC and SLA of the several plantspecies in each group ( Table １) .
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Table 1 Groups o f p lant f unctional ty pes based on lea f arca ( SLA ) in a natural pasture subjeeted to contrsating graling inter
sines gw ring １７ pears(Quadros et al . , ２００６ )

Groups LDMC
( mg .g － １ )

SLA
( m２  .kg － １ ) Species

A ２３０ x２４ 蜒A xonop us a f f inis , Panicum sabulorum , Pasp alum p auci f olium

B ３１０ x１６ 蜒A ndropogon lateralis G 倡 , Coelorachis selloana , Pasp alum p auci f olium , Pasp alum
notatum

C ３８０ x８ èA ndropogon lateralis T 倡 , Pip tochaetium montev idense , S porobolus indicus
D ５００ x６ èA ristida sp p ( A . laev is , A . p hy li f olia , A . v enustula)

倡 G ＝ grazed ; T ＝ tussock

There was an inverse relationship between LDMC and SLA . Plant species with high SLA and low LDMC could be identified as
plants that developed a resource capture strategy ( groups A and B) , with ability to compete for nutrients , showing high ratesof herbage accumulation and low LLS . Phyllochron values of P . notatum and C . selloana ( group B) were lower ( Eggers etal . , ２００４) than those of A . lateralis ( T ) and P . montev idense ( group C) . Plants of the first group were characterised by astoloniferous grow th habit . Groups C and D were characterised by low SLA and high LDMC ,suggesting plants with a strategyfor resource conservation , with low rates of herbage accumulation and high LLS . These are species that have , in their largemajority , a tall‐tuf ted grow th habit that , according to Briske & Derner (１９９８) , permits plants to explore and capture nutrientsin a diameter larger than that used to release them , resulting in nutrient accumulation right under the vertical projection of theleaf canopy , a strategy called�resource monopolization" . Quadros et al . (２００６) demonstrated that plants types associated withstrategies of nutrient conservation occurred on areas where grazing intensity was low . Conversely , plant types associated withstrategies of nutrient capture occurred on areas where grazing intensity was high . The authors concluded that the prevailing
plant functional type was closely related to grazing management . Halford et al . (２００８) studied the same vegetation subjected tocontrasting intensities of grazing throughout a ２０ year period and confirmed that high long‐term grazing intensity significantlymodified grassland composition , forming homogeneous overgrazed pastures characterised by a specific species assemblage . Onthe other hand , lower grazing intensities created more heterogeneous vegetation with grazed and ungrazed areas , but had smallimpact on floristic composition of grazed areas . Medium grazing intensities increased vegetation heterogeneity by enhancingspecies richness ( Goret , ２００５ ) and creating distinct grazed and ungrazed areas ( Halford et al . , ２００８) , enhancing primary andsecondary productivity , while very high or very low grazing intensities reduced vegetation diversity and promoted abundance ofa few adapted species ( Soares et al . , ２００３ ) .
The available results allow an inference to be made that assessment of plant functional types in a given pastoral environmentmight be used to understand and interpret the existing driving forces and what their influences on the local vegetationcomposition are . Based on these , management actions can be thought up which aim at achieving a pre‐determined vegetationtype and structure necessary for proper animal utilisation in harmony with the objectives planned for that environment .
Plant‐animal relations in heterogeneous environments : focus on animal strategies

In natural grasslands subjected to high grazing intensities , it is common that the prevailing plants species have resource capturestrategies and avoidance mechanisms to resist grazing . The size and structure of such plants result in little �exposure" of theacquired carbon , making more difficult the process of herbage capture by the grazing animal . Under these conditions , daily
grazing time can easily exceed ６００ minutes ( Pinto et al . , ２００７ ) . Depending on the grazing management , as well as on thefloristic composition of the vegetation , this area dominated by a sward forming vegetation can form a mosaic with tussocksvarying in frequency , topographic location and in degree of patchiness ( Carvalho et al . , ２００７) . The influence of double stratumvegetation on the grazing process was discussed by Gordon (２０００) . The author reviewed plant‐animal relations in communitiesdominated by Nardus stricta and showed how the characteristics of each stratum were inter‐related determining intake and dietselection by the grazing animals . In general , the availability of the preferred stratum affects the intensity with which it is usedas well as the utilisation of the less preferred stratum , indicating a high degree of complexity that usually limits detailedexperimentation and knowledge regarding such ecosystems .
In such heterogeneous environments it has been observed that the grazing process , at its lowest scales of decision , is essentiallythe same as that in sown temperate swards . For example , Pinto et al . (２００７) did not find correlation between grazing time andherbage mass in natural grassland , when herbage mass is estimated on average . However , when only the herbage mass of theinter‐tussock vegetation was considered , grazing time increased ６７ minutes for each centimetre decrease in sward height . In a
pioneer work , Gon毕alves ( ２００７ ) elaborated a reductionist protocol to mimic sward heights of the lower stratum of naturalgrasslands subjected to decreasing levels of grazing intensity . The author confirmed that the structure of the inter‐tussockvegetation affected bite dimensions and intake in a similar manner as reported by sown pastures . The comparison between bitedepth of ewes and heifers revealed a linear relationship with sward height and no difference between animal species ( Figure １ ) .
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The constant proportionality of herbage removal was observed , as previously discussed by Hodgson et al . ( １９９４) . As swardheight decreased , bite mass was more negatively affected for heifers than for ewes . Large animals are more handicapped onshort swards where bite mass increases more slow ly with body weight than do the energetic requirements . Time per biteincreased with increasing bite masses , and lesser for heifers , a likely consequence of the larger capacity of cattle to performcompound chew‐bite jaw movements in situations of large bite mass ( Ungar et al . , ２００６) . Bite mass was the main determinantof intake rate . The reduction in bite mass and intake rate from around １０ .０ and １１ .５ cm for ewes and heifers , respectively ,indicates that C４ forage species need careful control of sward structure in order to optimise herbage utilisation , as pointed outby Da Silva & Carvalho ( ２００５) .
In pastoral environments dominated by prostrate species with resource capture strategies , animals alter their dynamics ofherbage acquisition , patterns of movement and use of feeding stations ( FS) . Mezzalira ( unpublished data) showed that undersuch conditions animals increase total grazing time reducing the number of meals but increasing the duration of each meal .

Figure 1 Ingestive behav iour o f hei f ers ( ◆ ) and ewes ( □ ) in natural pastures (Gon毕alves , ２００７ ) .

Modifications in patterns of herbage acquisition were also associated with reduction of the number of inter‐meal intervals and theangle of animal摧s trajectory during grazing . The increase in grazing time is a classic response to situations of low herbage mass ,while the reduction of trajectory angle during grazing causes animals to spend less time on a limiting grazing site in an attemptto increase the probability of finding a more appropriate one ( Prache et al . , １９９８ ) . Gon毕alves ( ２００７ ) studied patterns ofanimal movement and herbage search for cattle and sheep on a natural pasture . Both species showed the same pattern ofresponse , but with different magnitudes ( Table ２ ) .
Table 2 Feeding station behav iour o f calves and ewes in natural p astures (Gon毕alves , ２００７ ) .

Variable Sward height ( cm)
０４ �０８  １２  １６ #Model 倡 P R２ OCV ( ％ )

Feeding station per minute
Calves １３ 烫.７ ９ 侣.５ ７ 行.０ ８ 揶.７ Q ＜ ０ 沣.０００１ ０ 谮.８７６ １０ m.５５
Ewes １９ 烫.０ ７ 侣.５ ９ 行.７ １１ 貂.２ Q ０ 档.０００１ ０ 谮.７９１ １８ m.５８

Steps per feeding station
Calves １ 档.１ １ 侣.３ １ 行.８ １ 揶.２ Q ０ 档.００５７ ０ 谮.４９８ １９ m.１８
Ewes １ 档.１ ２ 侣.４ １ 行.６ １ 揶.２ Q ０ 档.０００９ ０ 谮.６２０ ２２ m.１５

Bites per feeding station
Calves ４ 档.８ ６ 侣.４ ７ 行.８ ７ 揶.２ Q ０ 档.０１８２ ０ 谮.６９５ １２ m.３５
Ewes ４ 档.６ ８ 侣.９ ８ 行.４ ７ 揶.８ Q ０ 档.０００８ ０ 谮.７１２ １３ m.２１
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Variable Sward height ( cm)
０４ �０８  １２  １６ #Model 倡 P R２ OCV ( ％ )

Movement rate ( steps .minute － １ )
Calves １４ 烫.５ １３ 儋.０ １２ 珑.０ １０ 貂.５ L ０ 档.００２３ ０ 谮.４９７ １２ m.５０
Ewes ２０ 烫.５ １７ 儋.７ １５ 珑.７ １４ 貂.２ L ０ 档.０００３ ０ 谮.６４９ １０ m.１７

Time per feeding station ( seconds)
Calves ４ 档.３ ６ 侣.４ ８ 行.７ ６ 揶.９ Q ０ 档.０００６ ０ 谮.７８８ １２ m.９２
Ewes ３ 档.１ ７ 侣.９ ６ 行.４ ５ 揶.４ Q ０ 档.０００２ ０ 谮.７０６ １７ m.９１

倡 L ＝ linear ; Q ＝ quadratic

Under intake limiting conditions , both cattle and sheep visit a larger number of FS , harvesting fewer bites and remaining lesstime on each FS , a behaviour that is in agreement with the Optimum Foraging Theory ( Prache et al . , １９９８) . Further , animalsmove faster , but with fewer steps between FS , indicating an attempt to increasing the rate of encounter with potential FS . Suchbehaviour is also compatible with the low bite mass obtained in the last bite , taken prior to abandoning the previous FS , whichdoes not allow efficient movement of animals ( selection of new FS while processing the last bite harvested) . These behaviouralresponses change in the opposite direction as sward characteristics become more favourable to herbage harvest , reaching adifferent plateau for each animal species .The consequence of animals spending more or less time grazing and using a larger or lesser number of FS is that a horizontalstructure is created over time , where some patches are grazed more of ten than others ( Laca , ２０００ ) . Under continuousstocking , animals are particularly attracted by areas where nutrient concentration is high , being able to memorise and use themmore frequently than others ( Launchbaugh & Howery , ２００５) . Thus , a heterogeneous mosaic condition is established . Whenstocking rate is high in relation to the herbage available on the preferred sites , there is an overgrazing of the preferred specieson pastures of complex floristic composition and some high nutritive value species run into the risk of disappearing ( Eggers etal . , ２００４ ) . This is often w rongly interpreted as being a restriction of the grazing method used ; generating the generalimpression that continuous stocking is associated with low productivity , a subjective interpretation that supports theinconsistent paradigm regarding �rotational stocking as the best grazing method" ( see discussion about perception versusexperimental evidence in Briske et al . , ２００８ ) . In this context Carvalho (２００５ ) stated that overgrazing on certain areas wouldrather be consequence of low opportunity for selection . While an instantaneous high herbage allowance would createheterogeneity , frequent use of the preferred areas and rejection of the less preferred areas creates , in the long term , a conditionof high herbage allowance on the total area , but limited on the sites effectively used ( Neves , ２００８) . Since they cannot exploreother areas as any other herbivore in a natural environment would , animals have no other alternative than overuse preferredsites . This corroborates the statement of Bailey ( ２００５ ) that the large majority of problems regarding grazing managementderive from an inadequate distribution of grazing and not of the use of incorrect stocking rates .
In fact , Neves ( ２００８ ) indicated that variations in stocking rate slightly modified the characteristics of the inter‐tussockstratum , whose magnitude is smaller than the variations suggested by varying grazing intensities . Regardless of the severalcombinations of grazing intensity studied , the frequency of FS with optimum structure for herbage capture was inferior to １０％of the total surface of inter‐tussock vegetation . Carvalho et al . ( ２００７ ) described this phenomenon as �structural collapse" ,where the decrease of grazing intensity in plant communities dominated by prostrate growing species with resource capturestrategies increase the contribution of such species in terms of herbage mass and height until a certain point , from which the
patterns of defoliation and the nature of the competition process change so much that the community starts to give place toanother one , usually comprised of tall‐tuf ted species with resource conservation strategies . This indicates that simplemanipulation of grazing intensity under those circumstances is not enough to manage the inter‐tussock stratum and generateadequate conditions for grazing . Therefore , construction of adequate sward structures for grazing cannot be achieved onlythrough variable stocking , but it needs other management strategies with the objective to construct pastoral environmentswhere diversity of plant functional types and structures would be compatible with production targets .
Thus , as previously discussed for plants , animals also present grazing behavioural signals which could provide a basis forinterpreting the richness of a particular pastoral environment and orientate management actions . In this sense , it has been
proposed ( Gordon & Benvenutti , ２００６ ) that further improvement of animal production from grasslands will need to beassociated with the identification and manipulation of animal behavioural responses , favouring the expression of their grazingabilities rather than inhibiting them as it is often the case for antropic interventions .
Concluding remarks

Grazing ecology is rarely treated in a systems context associated with management actions aimed at economical benefits ( Soderet al . , ２００７) . In this context , for some natural ecosystems it is important not only to understand how they work and what themechanisms involved in the grazing process are , but also to evaluate their direct impact on the production and quality of animal
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products . Consumers demand production systems that respect not only productivity targets , but also exercise environmentalresponsibility and animal ethics . Kemp & Michalk ( ２００５ ) outlined the need to redefine the frameworks within whichmanagement decisions are made to enhance the overall environmental values of grasslands . In this sense , the interpretation ofthe pastoral environment quality using plant and animal behavioural responses as well as indicators of soil chemical , physicaland biological fitness is of major relevance to orientate management practices that are coherent with the new expectations anddemands of a changing world . In this sense , intensity and distribution of grazing have assumed a new dimension , according towhich grazing management must be seen as a means to construct adequate and ecologically sound pastoral environments thatallow animals to express their wisdom in harvesting nutrients ( Provenza et al . , ２００７ ) and self‐medicate themselves by selectingphytochemicals ( Revell et al . , ２００８ ) while minimising the energy costs of grazing ( Baumont et al . , ２００５ ) , w ithoutjeopardising environmental and production system sustainability . In ecosystems where the conservation of natural resources isachieved through their economical use , the importance of the pastoral environment has to be imposed by means of competitiveproductive indexes and products with high aggregated value .
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Opportunities to use secondary plant compounds to manage diet selection and gut health of
grazing herbivores
D .K . Revell , A . Kotze and D .T . Thomas
CS IRO L ivestock Industries , Priv ate Bag ５ ,Wembley WA ６９１３ ,A ustralia E‐mail : dean .revell＠ csiro .au

Key points :
１ . Grazing herbivores and plants have co‐evolved such that plant chemistry and animal metabolism are intimately linked .
２ . Whilst conventionally‐measured traits of plant nutritive value provide invaluable information to help predict animal
performance , there are many situations where knowledge of secondary plant compounds can provide insights into theinteractions between plants and herbivores .

３ . Secondary compounds can affect diet selection and , sometimes , longer‐term feed intake .
４ . Secondary compounds can interact with rumen microbes to alter fermentation profiles and can be toxic towards nematode
parasites in the gastrointestinal intestinal tract thereby providing a natural摧 means to help control these important pests .

５ . Combining plant traits with knowledge of animal behaviour can aid our design and management of mixed plant assembliesthat address both animal production and natural resource management goals .
Key words : Secondary plant compounds , diet selection , gut health
Introduction

Figure 1 Schematic rep resentation
o f the interactions between the
landscape , p lants and herbivores .

Grazing herbivores and the plants they consume interact with each other . The interactionsare complex , based on hundreds of plant compounds and plant physical characteristics andthe sensory and metabolic systems of animals . The ultimate goal of animals is to consumean optimal combination of nutrients that promotes survival , grow th and reproduction . Toselect an optimal diet , herbivores must find a balance between over‐and under‐consumptionof particular plant species and plant parts . Plants similarly need to find a balance betweenencouraging and discouraging herbivory . Animals can assist in pollination , seed dispersal ,reducing inter‐plant competition , and nutrient cycling , but excessive herbivory canseverely reduce plant grow th . Herbivores and plants have co‐evolved , and a complexbiological system has emerged to control the interactions ( Figure １ ) . In the followingpaper , we discuss and provide examples of how plant compounds can influence dietselection , feed intake and gut health of animals , and comment on the implications todesigning and managing grazing systems .
Plant compounds , diet selection and voluntary feed intake

Plants vary both spatially and temporally in their chemical and physical composition .Consequently , for grazing herbivores to meet their nutritional requirements and avoid theover‐consumption of toxins , they must continuously assess characteristics of what theyeat , link this to the post‐ingestive consequences of eating the plant , and modify theirselectivity for particular plants ( Provenza et al . , ２００７) .
A critical factor in animal production is the regulation of feed intake . Plant secondary compounds play an important role inregulating intake and influencing diet selection ( Villalba et al . , ２００２ ; Mote et al . , ２００７ ) . Animals use sensory perception todiscriminate among different plants , and the metabolic feedback from ingested nutrients and/ or toxins calibrates the smell ,flavour , sight and texture sensations with the positive and negative consequences of eating the food . This enables an animal toacquire preferences for foods that are nutritious and become averse to foods that are either deficient in nutrients or toxic( Provenza １９９５) .
Although our capacity to measure diet selection and intake is less than ideal , particularly in extensive grazing systems , there issome evidence of sensory discrimination during grazing . For example , when Thomas ( ２００５ ) offered sheep ２０ genotypes ofannual plants across three stages of plant phenology , a standard摧 set of measured traits ( nitrogen , sulphur , neutral detergentfibre , acid detergent fibre , water soluble carbohydrates , in v itro digestibility , shear and compression energy) accounted for upto ６０％ of the variation in relative preference values . However , during the vegetative stage , only ２０％ of the variation could beaccounted for by these particular traits . Principal component analysis showed that , at the senesced phase , the legumes thatwere preferred by the sheep had higher nitrogen content and digestibility , but this trend was not apparent when the pastureswere at the vegetative phase . At the reproductive and senesced stages , the nutritive value , or digestibility , of annual plantsdecline , and hence animals are motivated to select plants with higher than average digestibility . But during the vegetative phasewhen there was a uniformly high digestibility across all ２０ genotypes , other characteristics of the plants were used to
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discriminate between genotypes . Hence there is the possibility that secondary plant compounds may provide importantdistinguishing features of the different plant species to the animals . Such a conclusion has been reached with folivorousmarsupials offered Eucalyptus leaves ( Lawler et al . , １９９８ ) , where no correlation was found between feeding and severalmeasures of nutritional quality , total phenolics or condensed tannins . However , terpenes and a particular group of phenoliccompounds ( diformylphoroglucinols) did appear to alter feeding behaviour by acting as deterrents , with the latter being moreimportant .
Another example of how conventional nutritive value traits cannot always account for differences in selection comes from aseries of experiment with sheep grazing A trip lex spp ( saltbush) . The selection of saltbush by sheep is known to differ betweenindividual plants ( Maywald et al . , １９９８ ; Norman et al . , ２００４ ) . For example , Norman et al . , ( ２００４ ) found distinctpreferences for specific saltbushes by young Merino sheep , both within and between species ( old man saltbush , A .
nummularia , and river saltbush A . amnicola) . The basis for the strong preferences could not be explained by conventionalmeasures of nutritional composition ( digestibility or content of fibre , crude protein or minerals ) . Preferences betweenindividual old man saltbush plants was positively associated with nitrate concentration ( ２５０ v ９８ mg/ kg for most preferred vleast preferred plants) , whilst preferences for individual river saltbush plants was positively related to crude tannin content (０ .
１２ v ０ .０９％ for most preferred v least preferred plants) .
Sensory assessment of a food is achieved through sight , smell and taste . The odour of a plant can be a powerful signal toherbivores , but it is an aspect that has not received much attention in livestock production . Livestock species ( sheep , goats ,cattle and horses) have a more sensitive olfactory system than humans , and hence the power of olfaction in determining intakecan easily go unnoticed . Detecting odours can be beneficial in the process of food selection for at least four interrelated reasons .First , odour can be rapidly detected and thereby provides a means to influence feeding behaviour in the short term . Rapiddecision‐making may be important if a feed source is only temporarily available , as in a competitive feeding situation . Second ,the decision to select or reject a particular feedstuff can be made without actually consuming the feed , and thereby avoidtoxicosis . For example roe deer used odour to recognise and avoid undesirable plants once they learnt the consequences of eatingthese plants ( Tixier et al . , １９９８ ) . Conversely , once smelled , preferred plants are rarely refused . Third , the physiology ofodour detection allows animals to integrate a complex suite of odours that may reflect the biochemical composition of the food .This may be important in identifying whether a novel species is likely to be of low nutritive value , or toxic , prior to sampling .Although animals can detect individual odorants , the way in which the olfactory system processes information also allowsanimals to �generalise摧 the inputs to the central nervous system from a mixture of odours . Thus , the olfactory sense is able todistinguish among a practically infinite number of chemical compounds at very low concentrations ( Leffingwell ２００２) . Fourth ,neural processes link the detection of odour with memory , and hence the odour profile of a feedstuff can be used in learning anddemonstration of learnt behaviour . The links between olfaction and memory allows animals to develop learnt behaviours basedon associations between the sensory characteristics of feedstuffs and metabolic experiences ; in other words , a characteristicodour profile can trigger memory processes , and thus help an animal assess whether a familiar feedstuff is associated withfavourable or unfavourable metabolic consequences following its ingestion .
Examples of volatile plant compounds affecting feed intake include : ( i) Preferences in cattle being strongly correlated ( r２ ＝ ０ .
９７ ) w ith ６‐methyl‐５‐hepten‐２‐one , ( Z)‐３‐hexenyl propionate and acetic acid emitted from fresh tall fescue cultivars ( Mayland etal . , １９９７) ; ( ii ) Preferences of horses for particular oaten hays being strongly related to the abundance of two volatilecompounds released from the hay . One of the volatile compounds was negatively correlated ( r２ ＝ ０ .７７) to both preference andcrude protein content of the hays , suggesting that the horses may have used the odorant to identify and avoid low protein hays .Such a phenomenon would be consistent with the finding that rats can self‐select for dietary protein based on olfactory stimuli( Heinrichs et al . , １９９０ ) . Cox ( ２００４ ) did not identify the compound unambiguously , but based on preliminary gaschromatography analysis , it appeared to be a naphthalene compound . The second volatile compound was positively related tohay preference in horses ( r２ ＝ ０ .８３) , w ith preliminary analysis suggesting this compound was a decane , a class of compoundsthat have been linked to the odours from peaches that attract insects ( Natale et al . , ２００３ ) . It is conceivable that horses alsofound the odour attractive , or it was positively associated with a favourable nutritional trait of the hay ; ( iii) Individual volatilecompounds accounting for ２５‐４０％ of the variation in preferences between different batches of oaten or lucerne hays offered todairy cows or horses ( preliminary data reported in Pain and Revell , ２００７) . The abundance of particular volatile compounds maybe particularly useful in explaining �outlier hays摧‐i .e . , those for which animals select considerably more or less than predictedfrom nutritive value alone .
Secondary compounds and microflora of the gastrointestinal tract

Once ingested , plant compounds interact with the microbes of the gastrointestinal tract . Phytochemicals that can affect rumenfermentation include tannins , saponins and essential oils (鄙liw iński et al . ,２００２ ; Kamra et al . , ２００６) . Much of the literaturehas focussed on toxins and anti‐nutritional factors that limit the use of plants as feedstuffs ( see review of McSweeney et al . ,
２００２ ) . However , secondary compounds may have desirable effects on rumen fermentation by possessing specific antimicrobial ,antiproteolytic , antiprotozoal or antimethanogenic properties that positively impact rumen ecology . For example , oraladministration of an aqueous extract of saponin from Biophy tum petersianum reduced ruminal ammonia and increased volatile
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fatty acid concentrations in goats ( Santoso et al . , ２００７ ) . Similarly , a modest intake of A cacia cyanophy lla leaves ( １００ g )consumed before the ingestion of ２００ g of soybean meal reduced the ruminal digestion of crude protein and increased the grow thrate of lambs (Ben Salem et al . , ２００５) . Plant compounds also have the potential to reduce lactic acidosis , methane production ,or influence ruminal biohydrogenation ( Vercoe et al . , ２００７) .
Plants with anthelmintic properties are of special interest because of a growing problem of nematode resistance to the chemicalanthelmintics in many countries (Besier and Love ２００３ ) . Condensed tannins have received the most attention ( e .g . , Iqbal etal . , ２００７) but many other active compounds have been identified ( Githiori et al . , ２００６ ) . Condensed tannins are a goodexample of how a plant compound ( or group of plant compounds) can be detrimental at high doses ( Makkar ２００３ ; Min et al .,
２００３) , but beneficial at lower doses by protecting fermentable protein from degradation in the rumen ( Barry and McNabb ,
１９９９ , Ben Salem et al . , ２００５ ) or by controlling gastrointestinal parasites ( Aerts et al . , １９９９ ; Iqbal et al . , ２００７ ) . Whilstthere has been some research on the use of plant extracts to control intestinal parasites , there remains the need to furtherinvestigate the use of particular plants under commercial conditions to control parasite burdens . Such research has been initiatedby Ramí rez‐Restrepo et al . , (２００４) w ith sheep grazing either tannin‐containing pasture species ( Lotus corniculatus , birdsfoottrefoil) or perennial ryegrass /white clover pasture . More is required as specific environmental conditions and productionsystems ( e .g . , grazing rotations) may impact on responses , and there is a need to ensure that antinutritional effects to the hostanimals do not out‐weigh benefits from parasite control ( Athanasiadou et al . , ２００７) .
Compounds besides condensed tannins could also be exploited . For example , phytoecdysteroids have been detected in about ６％of all plant species ( Dinan １９９５ ) . These compounds induce abnormal moulting in many arthropods with lethal effects .Nematodes have a similar hormonal regulation of ecdysis , and phytoecdyseroids may provide a means of defence against freeliving , plant or animal nematodes ( see summary by Soriano et al . , ２００４) . Another class of plant compounds that may have arole in controlling gastrointestinal nematodes are the cysteine proteases ( Stepek et al . , ２００４ ) . These are known to digestnematode cuticles and are inducible by environmental stressors such as salinity ( Forsthoefel et al . , １９９８ ; Jones and Mullet ,
１９９５) and invertebrate herbivory ( Lopez et al . , ２００７) .

　 　 Figure 2 V ariation in the inhibition o f parasite larval
development in an in vitro screening test o f １００

indiv idual p lants o f one p lant species .

We are currently screening about １００ native shrub species for arange of characteristics , including in v itro inhibition of parasitelarvae as a measure of anthelmintic activity . About ２０％ of the
plants under evaluation reduce larval development to ＜ ４０％ ofcontrols ( A . Kotze and J . O摧Grady , unpublished data ) . Asthese plant species have not been through any plantimprovement program , there is potentially a high degree ofvariation between individual plants within a species ; i . e .different chemotypes . For example , we have tested １００individual plants of one species growing at one location . Mostbut not all plants possessed anthelmintic properties ( Figure ２ ) .The plants have been scored for morphological traits , and plantstoxic to parasites tended to be bigger , more upright instructure , with larger , thicker and darker green leaves — butnone of these traits on their own were significantly differentbetween toxic and non‐toxic plants . The aim is to further
quantify between‐plant variation across sites and with plantphenology or maturity .
Putting it all together : how plant compounds can influence the design and use of diverse plant mixtures

The nature of interactions between plants and animals influences ecosystem function ( Foley and Moore , ２００５) . There are manyexamples from non‐agricultural systems that have explored aspects of these interactions ( e . g . , Crone and Jones １９９９ ;Smallegange et al . , ２００７ ; Staudt and Lhoutellier , ２００７) , but there is great scope to build knowledge of interactions betweensecondary compounds and livestock to design and manage forage systems for the simultaneous benefit of livestock and theenvironment . In particular , when benefits of secondary plant compounds to herbivores can be combined with other desirabletraits of the plants , such as a capacity to tolerate dry conditions and low soil fertility , provide ground cover on soils prone toerosion , or provide out‐of‐season feed , then we have an exciting proposition to re‐design plant assemblies for grazing systemsthat take into account animal health and landscape function . The challenge is to ensure we optimise both the animals摧 long term
performance and health and the persistence of the desired plant mix ture . How can we best incorporate plants with bioactivecompounds into grazing systems ? This is a particularly pertinent question when one considers that beneficial plant compoundsare often detrimental at higher concentrations in the diet , but there are signs it can be done . Frutos et al . ( ２００７ ) recentlyreported that grazing goats supplemented ad libitum with freshly cut heather were able to self‐select the plant such thatbeneficial effects of the condensed tannins in heather ( reduced nematode eggs in faeces , reduced ruminal ammonia and increasedVFA concentrations) were not accompanied by anti‐nutritional effects of ten associated with condensed tannins . Indeed , Villalba
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et al . (２００６ ) have shown that , with conditioning , sheep are able to self‐medicate by consuming an appropriate remedy to aspecific malaise . Despite the capacity of livestock to self‐regulate and possibly self‐medicate , livestock managers still have acrucial role to play . Even in low‐input systems , there is the opportunity to intervene relatively easily by designing or modifyingthe plant combinations on offer , the spatial layout of plants , the duration or intensity of grazing . Here , some interrelated basic
principles can be used inform our decisions :
(i) The combinations o f p lants made available to animals w ill in f luence intake and diet selection .Palatability , so often considered a fixed trait for a particular plant , is very much a dynamic phenomenon that depends on thecombinations of food on offer and the previous experience the animals have had with them ( Provenza １９９５) . When animals areoffered two or more feeds simultaneously ( usually the case with grazing herbivores) , there are at least two levels at which thecontrasts between the options can be interpreted by the animal ( see Bergvall et al . , ２００７ ) . First , the animals compare theoptions on offer in �real time摧 , w ithout relying on memory or expectations of the future . Second , the reward ( e .g . , nutrientsupply ) or penalty ( e .g . , metabolic discomfort ) of consuming one of the feeds is compared with the memory of a previouslyexperience .
(ii) The combinations o f secondary p lant compounds af f ect animal responses .Experiences of secondary plant compounds are strongly influenced by the degree of complementarity or antagonism betweencompounds ( Lyman et al . , ２００８a ) . Furthermore , the sequence of offering bioactive plants or secondary compounds caninfluence the response of animals ( Lyman et al . , ２００８b ) . So when considering the impact of plants and their secondarycompounds , we need to be mindful that different circumstances may yield different outcomes . If a particular plant is consideredto have high concentrations of an undesirable compound , the plant may still be a valuable component of the feedbase if it can becoupled with complementary species . Issues relating to duty of care摧 ( Revell and Revell , ２００６ ) become important here to avoidundesirable outcomes whilst maximising the chances of beneficial effects of incorporating particular plants into the mixture .
(iii) The ex periences o f animals can strongly in f luence diet selection .If we want animals to eat a particular species in the pasture mix on offer , a situation should be created where the animals samplethe plant‐little by little‐and have a positive experience of doing so . The positive experience may be achieved easily if a plant isnutritious , or it may require intervention such as the provision of a supplement ( or a complementary plant species) to overcomea nutrient deficiency or avoid toxicosis . A positive experience usually leads to a situation where animals eventually choose toinclude the plant into their regular diet . An example of the influence of previous experience on selection was shown by Thomas(２００５ ) . In this study , the intake of three pasture species ( T ri f olium incarnatum L , Biserrula pelecinus L . , and Lolium
rigidum Gaud) offered simultaneously to sheep was heavily dependent on what species and what combinations had been offeredto the animals in the past .

Figure 3 Relative p re f erence in sheep that had grazed p lots f or ４ weeks p rev iously sown w ith either B . pelecinus (B IS ) or T .incarnatum (CRI ) or L . rigidum (RYE) or B . pelecinus and L . rigidum (B IS / RYE) or T . incarnatum and L . rigidum (CRI /
RYE) . During the p re f erence testing , the sheep were o f f ered all three species simultaneously : open bars , B IS ; hatched
bars , CRI and closed bars , RY E .

For example , in some cases , animals selected for B . pelecinus whilst others almost completely avoid it ( Figure ３ ) . Learntfeeding responses can be developed not only through trial and error , but also by animals observing others . The most powerfulexample is that of young animals learning from their mother . The offspring observe and mimic the eating behaviours of theolder flock or herd members . Young animals tend to be more willing to experiment with novel feeds , so exposing young animalsto new foods is more likely to lead to those foods being voluntarily incorporated into their diet ( even many years later ) thanoffering novel foods to older animals . The management of grazing herbivores should take into account the capacity of animals tolearn about the plants on offer to ensure dietary preferences include a broad range of the plants on offer and to create theopportunity for animals to optimise their nutrition and/ or self‐medicate .
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Capitalising on designed or naturally diverse plant combinations

Livestock production systems must address multiple challenges associated with economic , environmental and social issues . Tomeet multiple goals there is a need to embrace the challenges of using plant diversity across the landscape . No single plant willachieve all purposes , from the timely provision of nutrients and other benefits to livestock through to managing the naturalresources of soil and water . In an attempt to simplify management , we have tended to reduce biological complexity and plantdiversity in grazing systems . Yet simplified systems are inevitably incomplete systems that ultimately require more inputs to besustained . Building in plant diversity across a landscape not only offers opportunities to improve flexibility and meet diversechallenges in land management , but it is consistent with the design摧 of grazing animals . An enormous opportunity exists tocapitalise on emerging knowledge of the role of secondary plant compounds , and in particular their role in the regulation of dietselection , feed intake and gut health . This knowledge should help uncover new opportunities to manage livestock and diverseplant mix tures to improve economic , animal health and environmental outcomes .
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Key points : Precision pastoralism involves the application of new technology to manage animals according to individualrequirements and to assist the management of rangeland resources by matching forage supply with forage demand .
Individual animal management is achieved through the capacity to identify and weigh individual animals as they enter a wateringenclosure , telemeter the data to a remote computer , and remotely activate drafting gates based on analysis of a quality assureddata set . Alternatively , any other individual attribute ( e .g . reproductive status) may be used as basis for remote drafting .
Improved management of forage resources is achieved through a capacity to provide probabilistic estimates of future sustainablestocking rates , and ground cover under the current stocking rate , by forward projection of pasture grow th from currentconditions . Projections are derived from a pasture grow th model parameterised for individual vegetation types within a specific
property , and applied at the paddock level . Decisions to increase or decrease stocking rate can then be considered in an objectiverisk management context .
Key words : stocking , risk , ground cover , liveweight
Introduction Extensive pastoral production systems in Australia have traditionally managed animals , at best , according tooverall flock or herd requirements . Attempts to match forage demand with forage availability have of ten been restricted tostocking rate adjustments only at times of major animal husbandry events ( e .g . shearing ) although more frequent tacticaladjustments have become more common in recent years . Attempts to objectively forecast livestock productivity in relation toforage and animal factors have been virtually non‐existent in the pastoral context .
However , technologies are now available to facilitate the management of individual animals , or animal groups , according totheir specific requirements , and to address more effectively the central issue of matching forage supply and demand to achieveboth optimum animal production and sustainable resource use . Objective forecasting of expected animal production is feasiblethough less well developed . Collectively , these technologies constitute �precision pastoralism�. Its application will providelivestock producers with opportunities to improve profitability and enhance sustainability not previously feasible in extensivemanagement systems .
Components of precision pastoralism
Individual animal management Precision management of livestock requires a capacity to uniquely identify individual animals ,monitor their performance and apply husbandry measures accordingly . Some aspects of this approach have been available forsome time e .g . pregnancy diagnosis , with individual females assigned to groups managed according to their pregnancy status .However , such applications require physical separation of groups . The capacity is now available to electronically record theweight of individually identified animals , telemeter this information to a remote office and activate automatic drafting gates onthe basis of specified criteria . This allows the timely application of husbandry practices to individual animals without the needfor on‐going physical separation . Husbandry practices can also be changed as required on the basis of monitored performance .
Physically , this system involves :
瞯 Access facilities at watering points (�spear gates�and a race) that force animals to enter the watering enclosure in singlefile , while passing over a weighing platform ; design of the system ensures that animals cannot be excluded from water ;
瞯 RFID ( Radio Frequency Identification) tags applied to each animal ;
瞯 A tag reader installed in the race in parallel with the weighing platform ;
瞯 A scales indicator / computer that accepts input from both the tag reader and the weighing platform ;
瞯 A connection or other wireless data transfer system that allows downloading of tag number‐weight pairs to a remote officecomputer ;
瞯 Software that �cleans up�the data stream by eliminating spurious data points and calculates an average weight for eachanimal from the remaining set of �accepted�weights ( Richards et al . ２００６)
瞯 An automatic drafting race that can be remotely programmed , via the indicator , to draf t animals according to tag numberonce performance data has been analysed and management requirements identified .
This �walk‐over‐weighing�system is now operated by one of the authors ( TJT ) in an extensive grazing operation near Bourke ,
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NSW , to manage an opportunistic livestock trading and fattening enterprise ( Figure １ ) . The system is portable and theintention is to use it , or its component parts , as required throughout the property . Remote weighing and drafting is used
primarily to allocate specified animals to supplementary feed based on their monitored weight gain , and to identity those thathave reached a marketable weight . Other applications for the systems include :
瞯 monitoring stock remotely to minimise need for physical checking , particularly when used in conjunction with water levelsensors at artificial watering points ;
瞯 monitoring animal performance in relation to individual animal thresholds or targets such as joining weights or marketcontract specifications ;
瞯 drafting of animals on the basis of other individualistic information ( e .g . reproductive status , age or classer assessment) ;
瞯 drafting out animals without tags ( e .g . ferals) .
Future applications could include :
瞯 individual application of preventative veterinary treatments ;
瞯 �mothering up�of ewes and lambs , if this is important in breeding programs , based on the observation that lambs tend tofollow ewes over the weighing platform and tag sequences can therefore be related to pedigree ( Richards and Atkins , ２００７) .

Figure1 Remote weighing and automatic dra f ting f acility show ing the
curved race which encourages animals to pass slow ly over the weighing
p lat f orm while entering a w atering enclosure , tag reader ( located in
the race) and draf ting gates .

Precision pasture management Matching forage supply and demand through tactical adjustment of stock density is a fundamentalchallenge for all grazing systems . Spatial modelling of pasture grow th offers a new tool to address this issue in the context of
�precision pastoralism�. Calibration of pasture grow th models for individual vegetation types within pastoral properties ,combined with mapping of theses units at paddock scale allows probabilistic forecasts of future pasture grow th on a paddockbasis to be generated from historical climate data . Several generic calibrations of the pasture grow th model GRASP ( Littleboyand McKeon １９９７) are available for western NSW ( Richards et al . ２００１) and can be relatively easily refined for more specificvegetation types by rapid assessment techniques to determine soil water holding capacity in the appropriate depth incrementsand tree basal area , a key driver of ground storey biomass production , for mapped vegetation types ( Alemseged et al . ２００６) .
We have used this rapid calibration approach to develop a prototype version of the package PaddockGRASP for two extensive
properties in western NSW . Once supplied with an updated file of daily climate date in the appropriate format from the SILOdata base ( http :/ / www .nrw .qld .gov .au/ silo / ppd/ index .html) , and initialised for current standing biomass levels based onfield observations , the model provides :
瞯 pasture grow th estimates , for paddocks and vegetation types within paddocks , for the next ３‐１２ months at the ２０th ,５０th and

８０
th percentile levels ;

Preliminary input screens allow specification of unique characteristics for vegetation types within individual paddocks such as the
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allowable utilisation percentage , proportion of biomass produced that is palatable ( a surrogate for range condition ) and
proportion accessible to grazing . Stocking history for each paddock is also entered . While alternative probability levels could bechosen , the output of ２０th , ５０th and ８０

th values is considered to provide a reasonable representation of pasture grow th and
ground cover expectations for poor , reasonable and good seasonal conditions respectively .
Given the general acceptance of ４０％ ground cover as the minimum desirable in the semi‐arid rangelands of western NSW ( e .g .Campbell and Hacker , ２０００ ; Western Catchment Management Authority , ２００５ ) these data allow the natural resourceimplications of the current stocking regime to be appreciated in a risk management framework and the same perspective to bebrought to tactical decisions regarding sale , purchase or agistment of stock .
The rapid calibration approach outlined above is thought to capture most of the unique characteristics of particular vegetationtypes ( Hacker et al . ２００７ ) . However , further refinement may be justified but will require a period of least １２ months fieldobservation of standing biomass , using rapid assessment techniques , for validation and finer parameterisation using the
�GRASP Calibrator�( G . McKeon , pers . comm .) .
While seasonal risk assessments for pasture grow th can be based simply on the historical record , analogue years could also beused for outlook periods when seasonal climate indicators such as the SOI Phase ( Stone , １９９６) are known to have useful skill .In western NSW this indicator has useful skill in estimating the probability of exceeding median pasture grow th for three‐month
periods beginning June‐September inclusive ( Hacker et . al . , ２００６) .
Forecasting of animal performance Estimation of animal performance based on pasture production estimates from the GRASPmodel have to date been successful only at the level of annual liveweight change ( Hall １９９６ ) . Calibration of the model toestimate live weight change over shorter period should be feasible given the capacity now available to obtain frequent liveweightsof individual animals . The objective is to produce probabilistic estimates of liveweight change to complement the correspondingestimates of forage grow th , sustainable stock densities and ground cover .
Implementation and adoption The�walk‐over‐weighing�system is now operational based on off‐the‐shelf components for animalidentification , weighing and telemetry . Sof tware to clean up the data stream has been developed by NSW Department ofPrimary Industries and is currently in the process of commercialisation .
Without considerable further development , or extensive support , it is unlikely that the PaddockGRASP software could be madeavailable to individual producers . The best means of achieving the widespread adoption of this technology will be bydevelopment of web‐based access for registered subscribers who would be able to contract the mapping of their properties tocommercial companies and who would either draw on an existing library of vegetation type parameter sets , or would againcontract the rapid parameterisation of their specific vegetation types to similar companies . Support for the extraction of climatefiles and maintenance of the software could then be cost‐effectively localised in organisation .
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Abstract Pasture cropping ( PC) is an intercropping technique that was developed by farmers in the Central West region of NewSouth Wales , Australia to retain perennial grasses for summer/ autumn grazing . Winter cereal crops are sown directly intosummer growing (C４) native pastures ( e .g . Bothriochloamacra and Paspalidium j ubi f lorum ) to exploit their complementarygrow th phases . The experiment examined the production and environmental differences between grazing pasture ( PA) , PC andno till ( NT ) wheat cropping . PC yields were significantly lower than NT and were limited by nitrogen . There was only aminimal reduction in the density and basal area of perennial grasses from PC compared to PA . Gross margin increased from PAto PC to NT , but higher returns were associated with higher annual volatility .
Introduction
The farmer�s story The pasture cropping concept was developed in Australia １５ years ago by Colin Seis , an innovative farmer .Colin�s family have run their property �Winona�for nearly ８０ years and in that time they developed the farm using introducedperennial grasses , subterranean clover ( T ri f olium subterraneum ) and superphosphate fertiliser until about ３０ years ago . Eachpaddock was stocked more or less continually with high stocking rates and substantial inputs were required to maintainproduction . At that time pastures were quite degraded and dominated by annual grasses and weeds . There was substantialeconomic pressure involved with continually resowing introduced pastures , and the annual application of superphosphatefertiliser , so Colin made a choice to change . Firstly , he reduced inputs , and then introduced short‐duration high intensitygrazing . Finally , pasture cropping was an opportunistic attempt to improve farm productivity .
Colin�s first attempt at pasture cropping involved sowing a crop of oats ( A vena sativ a ) into a dormant stand of summergrowing ( C４) native grass , dominated by Bothriochloa macra , as an inexpensive method of producing winter forage . Thisturned out to be very successful and it was evident that the crop could be harvested for grain . Over following years , other cropssuch as cereal rye , wheat and lupins were trialled and the system was developed . Economically , the system has performed aswell as , or better than , others on the property . Crop production costs are generally lower as there is less fallowing and landpreparation required compared to conventional cropping systems . In addition , up to an extra six months of grazing can beachieved .
In addition to increased profitability the system has delivered some unplanned environmental benefits . It was observed that thepasture cropping process stimulated the recruitment of perennial grasses , substantially enhancing native grass population anddiversity . As a result Colin pasture crops a paddock for one to two years , to rejuvenate the pasture , before returning it to
grazing for ５ years . His aim is to achieve １００％ ground cover １００％ of the time , in both cropping and grazing phases , byretaining perennial native grasses . Soil structure has improved , with soil organic carbon levels rising from ２％ to ４％ from １９９７to ２００７ and �Winona�is a much more profitable and healthy farm .
The science behind the system Grassland and soil degradation are substantial problems in agricultural systems in southernAustralia . Degradation is exhibited by a reduction in the level of perennial grasses ( exotic or native) , a shif t to a less desirablecomposition or a loss of production and ecosystem function ( Kemp and Dowling ２０００) . Reseeding is the most common form ofreclamation , although it has high costs associated with inputs and short term loss of production . Management strategies thatenhance the recruitment and regeneration of perennial grasses without removing land from production , and / or have low costs ,are the key to economic regeneration of degraded land . Retaining perennial grasses in production systems can limit manysustainability problems such as soil erosion , rising water tables that cause dryland salinity and reduce nitrogen leaching .
Intercropping or sod seeding winter cereals into perennial pastures has been used within Australia for a long period of time ( e .
g . Colman １９６６ ; Cook １９８０ ; Humphries et al . ２００４ ; Michalk and Witschi １９７７ ) . Pasture cropping is a form of relayintercropping where two or more crops are grown simultaneously for part of their life cycle ( Andrews and Kassam １９７６ ;Vandermeer １９８９ ) . Generally winter cereal crops are sown directly into summer growing ( C４) native pastures ( e .g . B . macraand Paspalidium j ubi f lorum ) to exploit their complementary grow th phases and to reduce direct competition ( Figure １ ) .Essentially a productive cereal crop is replacing annual grass weeds . While a lack of fallowing can reduce the accumulation ofnitrogen ( N ) and water over summer , and reduce crop yield , the reduced N and associated soil disturbance may result in native
grass regeneration in the following summer due to reduced annual weed competition and a seedbed provided within drill rows .
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This study aimed to determine the production and environmental benefits of pasture cropping compared with cropping or grazingalone .

Figure 1 A verage grow th rates f or B . macra (solid line) and an annual pasture / cereal species ( dashed line) at Wellington
derived f rom the Sustainable G raz ing Systems Pasture Model (www .im j .com .au/ sgs) f rom 1998 to 2004 .

Methods The experiment was located at the Wellington Research Services Centre ( WRSC , latitude : ‐３２ .５０５９S ; longitude
１４８畅９７０８E) , NSW , Australia . The site is gently undulating (３００m a .s .l) , w ith red dermosol soils ( Isbell １９９６ ) . The meanannual rainfall is ６１８ mm , evenly distributed throughout the year . Mean maximum daily temperature is ２２ .８ ℃ ranging from
３１ .２ ℃ in January to １４ .１ ℃ in July . Mean minimum daily temperature is １０ .５ ℃ ranging from １７ .５ ℃ in January to ３ .４ ℃ inJuly ( Table １) .
The trial was run on a B . macra dominant pasture ( ２５ plants /m２ ) , that also contained significant proportions of annualgrasses , legumes , broadleaf weeds and other native perennial grasses ( e .g . A ustrodanthonia sp . and Elymus scaber ) . The sitehad been infrequently cropped or fertilised over the past ３０ years , but had been pasture cropped with oats in ２００４ , prior to theexperiment . Three treatments were established and run for the duration of the experiment : Pasture Cropping ( PC ) , No Tillcropping ( NT ) , and Pasture ( PA ) . The preparation for PC prior to sowing involved grazing to reduce pasture biomass , andapplication of １３５g / L paraquat ＋ １１５g / L diquat ２４ to ４８ hours before sowing to control emerging annual weeds . Postemergence , grass and broadleaf weeds were controlled as required using herbicides that did not damage perennial grasses ( e .g .Chlosulfuron) . NT had two glyphosate fallow sprays through summer and a knockdown herbicide prior to sowing thatmaintained a bare fallow in ２００６ and ２００７ . As the experiment began in April ２００５ , there was only a short fallow period beforesowing in that year for NT . All crops were sown with ６０ kg / ha of wheat ( T riticum aestivum ) , in one pass to minimise soildisturbance . PC had ５０ kg / ha (２００５) and either ５０ or １００ kg / ha (２００６ and ２００７) of DAP fertiliser applied at sowing while NTreceived １００ kg / ha each year . PA had no herbicide , sowing or fertiliser , but was grazed at the same time as PC .
Plots were ５０ by １８m in size and were replicated in ３ blocks . Pasture composition and ground cover were monitored at ３monthly intervals . Pasture composition was determined using the BOTANAL procedure ( Tothill et al . １９９２ ) in ２０ × ０ .１ m２

quadrats per plot (１０ spaced ５m apart across each diagonal) . Perennial plant demography was measured in autumn at two fixedquadrats (０ .５ m２ ) per plot each year . Soil nitrate was monitored in the top １０cm of the soil prior to sowing and at １０cmintervals in the top １００cm in winter ２００７ .
Plots were harvested using a small plot header in ２００５ and ２００７ , while crop biomass was determined by randomly cutting ３representative １m２ quadrats per plot in ２００６ when drought prevented conventional grain harvesting .
Gross margin ( GM ) analysis incorporating both cropping and grazing enterprises was carried out on the three treatments foreach year using ２００７ costs and prices ( www .agric .nsw .gov .au/ reader/ budget) . Grazing gross margins were developed fromthe average pasture biomass per ha available during the grazing period ( all year for PA ; from beginning of the year to sowingfor NT and PC) , divided by an average sheep consumption of ０ .８ kg / head/ day , divided by ３６５ days to obtain a stocking rateper hectare . This value was then multiplied by ＄ １６ .８６ ( GM per head for a ２１ micron merino wether enterprise) to obtain aGM / ha for the grazing portion of the three systems . Crop GM / ha was determined by subtracting sowing costs ( seed , herbicideand fertiliser) and harvesting costs ( harvesting , cartage , levies and insurance) from income derived from crop yield . Note thatin ２００６ no crop yield was obtained in NT and PC and all treatments were grazed .
Analysis of variance ( ANOVA ) ( Genstat １０ , Lawes Agricultural T rust Rothamsted) was carried out on wheat yield ; totalbiomass and biomass components ( litter , crop , perennial grass , annual grass , legume and�other species�) ; ground cover ; B .
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macra plant numbers and basal area ; and soil nitrate .
Results
Seasonal conditions Rainfall was above average in ２００５ due to substantial rain in the second half of the year , but the late�break�delayed sowing until ２４ /６ /０５ ( Table １) . ２００６ was an extremely dry year with only ３０２ mm of rainfall , of which ７１ mm fell inthe crop growing period ( sown ２２ /６ /０６) and crops were grazed instead of harvested . In ２００７ , rainfall was above average fromApril to June ( sown ２５ /５ /０７) , but substantially below average for the remainder of the crop growing season .
Table 1 Monthly rain f all 2005‐2007 (mm) and mean annual (1946‐2004) rain f all (mm) and temperature ( ℃ ) f or WRSC .

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
２００５ 鬃３９ ;.１ ４１ 媼.９ ２６ 屯.６ ７ �.０ ０ ;.９ １０２ 创.４ ６１ 镲.０ ３７ 0.６ １１４ 晻.７ ８５ 行.３ １１３ 5.６ ３８ p.０ ６６８  .１
２００６ 鬃４０ ;.６ ８１ 媼.６ １４ 屯.２ ２０  .８ １ ;.０ ２９ 煙.０ ５１ 镲.８ ９  .６ ６ l.４ ３ 技.２ １３  .２ ３０ p.８ ３０２  .２
２００７ 鬃１３ ;.４ ３１ 媼.２ ７５ 屯.０ ５０  .０ ７４ O.６ １２２ 创.２ ２２ 镲.６ ２９ 0.４ １ l.０ ０ 技.０ ４１ 鼢.６ ＋ n / a ４６１ ＋

Mean ６４ ;.８ ６０ 媼.１ ５０ 屯.６ ４３  .６ ４８ O.１ ４０ 煙.３ ４６ 镲.６ ４９ 0.１ ４４ �.３ ６３ 行.６ ５７  .１ ４９ p.９ ６１７  .９
Tmax ( ℃ ) ３１ ;.２ ３０ 媼.２ ２７ 屯.５ ２３  .２ １８ O.５ １４ 煙.９ １４ 镲.１ １５ 0.７ １９ ┅２２ 行.７ ２６  .４ ３０ 櫃２２ �.８
Tmin ( ℃ ) １７ ;.５ １７ 媼.４ １４ 屯.９ １０  .９ ７ ;.５ ４ 媼.６ ３ 圹.４ ４  .２ ６ l.６ ９ 技.９ １２  .７ １５ p.９ １０ �.５

Pasture Production and Demography Mean biomass of litter , crop , perennial grass , annual grass , legume and other species , andground cover for the ３ treatments ( Figure ２ ) , showed that maximum biomass obtained on NT and PC was due to the crop ,with significantly more crop on NT ( P ＜ ０ .００１ ) . Annual grasses and other species made increasing contributions to totalbiomass in PA . While overall there was significantly more litter on NT and PA compared to PC ( P ＜ ０ .００１ ) , by the end of
２００７ there was no significant difference between the treatments . Perennial grasses were mainly evident through summer andwere effectively removed in NT by ２００７ , were greatest on PA overall ( P ＜ ０ .００１ ) , but were still maintained on PC . Groundcover was maintained at over ８０％ on PA for most of the experiment , but was significantly lower on NT and PC ( P ＜ ０ .００１) .In late ２００７ , ground cover was significantly greater on PC compared to NT ( P ＜ ０ .００１) .
There was no difference in the number or basal area of B . macra plants in ２００５ ( prior to sowing ) in any treatment ( Table ２ ) .
B . macra plants were completely removed from NT by ２００６ but were retained at similar levels in PC and PA . Between ２００６and ２００７ older plants tended to decrease and seedlings to increase in both PA and , particularly , PC although the differenceswere not significant . The basal area of adult plants was significantly lower ( P ＜ ０ .０５ ) in PC compared to PA in ２００６ , but therewas no difference by ２００７ .

Figure 2 Mean biomass o f litter , crop , perennial grass , annual grass , legume and other species , and ground
cover f or N T , PA and PC .
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Table 2 Mean adult B . macra p lants and seedlings ( p lants / m2 ) and adult p lant basal area ( cm2 / p lant ) measured in
autumn annually in PA , PC and NT ( l .s .d . P ＜ 0 .05) .

Year Treatment Adult Seedling Total Adult Basal Area
２００５ 7PA ‐ ‐ ３０ �３６  .６

PC ‐ ‐ ２８ �３５  .２
NT ‐ ‐ ２０ �４５  .１

l .s .d . ‐ ‐ ns ns
２００６ 7PA ２７ 儍４ )３１ �４７  .２

PC ２２ 儍６ )２８ �１９  .３
NT ０ l０ )０ 骀０  

l .s .d . 7 ?.58 4 �.77 9 构.83 15 �.61
２００７ 7PA ２２ 儍６ )２８ �３０  .９

PC １５ 儍１１ @２６ �１９  .７
NT ０ l０ )０ 骀０  

l .s .d . 18 F.20 6 �.41 12 览.83 14 �.59

Nitrogen There was a substantial difference in the level of nitrate in the top １０cm of the soil between treatments prior to sowingin ２００６ and ２００７ with highest levels in NT and lowest in PA ( Table ３ ) . Nitrate in PC was similar to PA in ２００６ and to NT in
２００７ . Nitrate gradients measured to a depth of １００cm in winter ２００７ showed similar relativities between treatments , withactual differences most apparent between ３０ and ８０ cm ( Figure ３ ) . There was a strong linear relationship between crop yieldand available N in the top １０ cm (mineral N at sowing plus N added in fertiliser) across all treatments in ２００５ ( R２

＝ ０ ．９５） ．Multiple regression analysis with nitrate ０‐１０cm and １０‐８０cm described ８１％ of the variation in crop yield across all treatmentsin ２００７ .
Table 3 N itrate (mg/ kg) in the top 10 cm measured p rior to sow ing (2005‐2007) in PA , PC and NT ( l .s .d . P ＜ 0 .05) .

T reatment ２００５ 北２００６ B２００７ d
PA ８ >.８ ８ 舷.２ ２３  .７
PC ９ >.５ １０ 骀.５ ４０  .０
NT １０ U.９ ３５ 骀.０ ５２  .０
l .s .d ns 10 铑.7 13  .7

Crop Production Grain yield was significantly higher in the NT compared to the PC treatment in ２００５ ( P ＜ ０ .００１ ; Table ４ ) .There was a higher crop biomass in ２００６ ( P ＜ ０ .００１ ) and grain yield in ２００７ ( P ＜ ０ .０１ ) in the NT treatment , with nodifference between PC treatments with either ５０ or １００ kg / ha of DAP fertiliser .

Figure 3 N itrate (mg / kg) measured at 10cm interv als to a dep th o f 100cm in PA , PC and NT .
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Table 4 Grain yield (2005 and 2007) and crop biomass (2006) measured in NT and PC treatments in B . macra dominant
pasture ( l .s .d P ＜ 0 .05) .

Treatment Fertiliser 2005 2006 2007
( kg DAP/ ha) Grain ( t / ha) Crop biomass ( t / ha) Grain ( t / ha)

NT １００ 靠１ a.７ １ `.６ ２  .７
PC ５０ è１ a.２ ０ `.６ １  .４
PC １００ 靠‐ ０ `.７ １  .５

l .s .d 0 b.13 0 a.21 0  .47

Gross margin (GM) analysis Over the three years of the experiment on average GM / ha increased from PA to PC to NT ( Table
５ ) . Higher returns were associated with higher annual volatility in gross margins . In ２００６ crop grow th was extremely poor dueto very low rainfall and crops were grazed instead of harvested resulting in negative returns for cropping enterprises . Stubblewas grazed in the NT treatment throughout the experiment .
Table 5 Crop , graz ing and total GM ( ＄ / ha) f or N T , PC (５０ kg/ ha o f DA P) and PA .

Year NT PC PA
Crop GM Grazing GM Total GM Crop GM Grazing GM Total GM Total GM

２００５ 7１９５ ^.３７ ５０ 缮.７０ ２４６ F.０７ １１８ q.７０ ４８ 靠.４４ １６７ -.１４ ６４ |.０３
２００６ 7‐１４７ m.２４ ４８ 缮.１５ ‐９９ >.０９ ‐８３ i.７８ ５８ 靠.４３ ‐２５ &.３５ ７１ |.２５
２００７ 7３２６ ^.１５ １０ 缮.５１ ３３６ F.６６ １２４ q.３６ ２５ 靠.６４ １５０ -.００ ６０ |.６３
Average １２４ ^.７６ ３６ 缮.４５ １６１ F.２１ ５３ Z.０９ ４４ 靠.１７ ９７  .２６ ６５ |.３０

Discussion The region in which pasture cropping was developed has a‐seasonal rainfall that can sustain summer pasture andwinter crop grow th . In this region conventional farming systems have a fallow period through summer and autumn to storemoisture and nutrients for the following winter crop . It was hypothesised that soil moisture would be limited in a pasturecropping system by pasture grow th through summer , but data collected in this project ( not shown) indicated that this was notthe case in this experiment . While soil moisture may have determined differences in grain yield between years , differences in
yield between NT and PC systems appeared to be explained primarily by differences in soil N . The site had a history of lowfertiliser use which , together with a high density of perennial grasses actively growing through summer , reduced theaccumulation of N in the profile of the PC treatment . Lower N levels substantially reduced crop biomass , even when １００ kg / haDAP was applied to both PC and NT treatments .
Despite the capacity for N to limit production , PC was more profitable than grazing alone over the experimental period , thoughnot as profitable as NT . However , returns from NT were highly variable which presents a challenge to farmers who are tryingto maintain a cash flow . Pasture cropping reduced variability in returns due to both an increased contribution from livestock andthe saving in crop establishment costs in the dry year ２００６ . The system also provides flexibility in decision making , animportant adaptive advantage in an increasingly variable climate , since the decision to crop can be delayed until just beforeplanting without any forgone production or financial outlay .
Even through the extremely dry years of this experiment , recruitment of B . macra was sufficient to replace mortality caused bythe cropping process . However , the cropping process reduced the basal area of perennial grasses particularly in ２００６ , possiblyexacerbated by a relatively aggressive sowing method used in ２００５ that was rectified in following years . Summer‐autumnrainfall was also well below average in each year of the experiment ( ５９％ ‐ ２００５ , ４８％ ‐ ２００６ and １３％ ‐ ２００７) further limitingthe contribution of perennial grasses to the production system . The possibility of rejuvenating pastures without removing themfrom production attracts farmers to this technique . The system can reduce the risks associated with ground preparation and
pasture establishment that is required in conventional crop– pasture rotations .
Most farmers practice this technique in degraded pastures that have a lower proportion of perennial grasses than theexperimental site , and a history of higher fertiliser use , which reduces the large influence that N played in this experiment . Ourexperience of pasture cropping on degraded lucerne paddocks indicates little difference in crop yields between conventional and
pasture cropping . In similar circumstances farmers also are finding smaller differences in crop yield between conventional andpasture cropping and that yields are more likely to be moisture driven , improving the relative profitability of pasture croppingwhen inputs are equal . Pasture cropping is estimated to have been adopted by over １０００ farmers throughout eastern , southernand western Australia and has the capacity to improve the sustainability of large areas of cropping and grazing land .
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Interactions of forage quality and physiological state on forage intake of grazing beef cows in
autumn
E . E . G rings and A .J . Roberts
USDA‐ARS , M iles City MT ５９３０１ ,USA .E‐mail :＿ elaine .grings＠ ars .usda .gov

Key words : beef cattle , forage quality , grazing , intake , lactation
Introduction Intake by grazing cattle is affected by quality and availability of forage and by physiological demands , such aslactation and gestation . However , limited information is available on how these factors interact . We tested the hypothesis thatautumn forage intake is altered by the interaction of cow physiological state and forage quality using cows in different stages oflactation and gestation grazing forages varying in digestibility .
Materials and methods Cows calving during late winter ( n ＝ ４０ , average calving date ＝ February ７ ) or late spring ( n ＝ ４０ ;average calving date ＝ May ３１) were subjected to one of two nutritional environments ( seeded pasture or native rangeland) forapproximately ６０ days during autumn ( October through November) . Cows grazed one of two replicated pastures of each foragetype . Pastures were ２６ ha for seeded forage and ７１ to ９０ ha for native rangeland . Differences in calving season were selected to
provide non‐lactating cows in mid‐to late gestation compared to lactating cows in early gestation exposed to varied nutritionalregimens with similar climatic conditions . Forage intake was measured twice ( October and November) during the grazing trailusing chromic sesquioxide from sustained release boluses as a fecal output marker and indigestible NDF as a digestibilitymarker . Associated forage and diet quality were defined through laboratory measures on clipped forage and esophageal ex trusa .Data were analyzed using mixed model methodology in a fixed model with a ２ ( pasture type) × ２ ( calving system) arrangementof treatments that included pasture within treatment .
Results and discussion At the first intake measure , cows in the late spring calving system grazing native rangeland ate more ( P
＝ ０ .０２) forage ( expressed as either OM intake in kg / d or as a percentage of body weight ) than cows in all other treatmentgroups ( Table １) . Although they consumed more forage , these cows showed a loss in body weight and body condition score .The nutrient demands of lactation did not appear to be completely met by increasing OM intake . Cows in the late winter calvingsystem gained body weight on both pasture types with greater weight gain on the seeded pasture ( P ＜ ０ .０１ ) , although OMintake was similar between pasture types at both intake measures . Cows changed seeded pastures in November , and the OMdigestibility after this change was less ( P ＜ ０ .０１ ) than native range . During November , no differences in OM intake wereobserved for either pasture type or calving system . Gains were greater ( P ＜ ０ .０１ ) for calves suckling dams on seeded thannative pasture .
Table 1 E f f ect o f physiological state and f orage ty pe on body weight ( BW ) , body condition score ( BCS ) changes and
organic matter (OM) intake ( I ) and digestibility (D) during a ６０‐d autumn graz ing trial .

Late w inter calving Late spring calving P values for
Native
range

Seeded
pasture

Native
range

Seeded
pasture

Pasture
type

Calving
system

Pasture type x
calving system

Cow BW , kg
　 Initial ６０３ ± １３ 悙５８１ ± １３ 换５４５ ± １３ 骀５３３ ± １３  ０ 儍.２０ ＜ ０ 鬃.０１ ０ L.７２
　 Change ４３ ± ３ a ６０ ± ３ b ‐３１ ± ３c ４ ± ３ d ＜ ０ �.０１ ＜ ０ 鬃.０１ ０ L.０１
BCS change ０ u.３ ± ０ .１a ０ 牋.１ ± ０ .１a ‐０ 烫.８ ± ０ .１bc ‐０ 貂.６ ± ０ .１bd ０ 儍.５８ ＜ ０ 鬃.０１ ０ L.０６
October
　 OMI , kg / d １１ 妸.４ ± ０ .６a １０ Ё.６ ± ０ .６ a １４ 行.２ ± ０ .７ b １０ �.８ ± ０ .６ a ＜ ０ �.０１ ０ �.０２ ０ L.０５
　 OMD ,％ ６４ 殮.５ ± ０ .５ ６６ 排.２ ± ０ .４ ６４ 痧.７ ± ０ .５ ６６  .９ ± ０ .５ ＜ ０ �.０１ ０ �.４１ ０ L.６１
　 OMI％ of BW １ u.８ ± ０ .１a １ 牋.７ ± ０ .１a ２ 技.７ ± ０ .１ b ２ 鲻.０ ± ０ .１a ＜ ０ �.０１ ＜ ０ 鬃.０１ ＜ ０ 灋.０１
November
　 OMI , kg / d １３ 殮.９ ± ０ .８ １５ 排.８ ± ０ .８ １４ 痧.０ ± ０ .８ １３  .４ ± ０ .９ ０ 儍.４３ ０ �.１６ ０ L.１４
　 OMD ,％ ６４ |.９ ± ０ .４ a ５９ ゥ.７ ± ０ .４ b ６３ 佑.０ ± ０ .４ c ６０ �.０ ± ０ .４ d ＜ ０ �.０１ ０ �.１９ ０ L.０６
　 OMI％ of BW ２ 厖.３ ± ０ .１ ２ 鞍.６ ± ０ .１ ２ 圹.６ ± ０ .１ ２  .６ ± ０ .１ ０ 儍.２５ ０ �.３８ ０ L.１７
Calf BW , kg
　 Intitial ‐ ‐ １６８ ± ３ 蜒１７４ ± ３ �０ 儍.１９ ‐ ‐

　 ADG ‐ ‐ ０ 膊.８３ ± ０ .０２ １ 葺.０１ ± ０ .０２ ＜ ０ �.０１ ‐ ‐

Superscripts indicate interaction effects , a ,b P ＜ ０ .０５ , c ,d P ＜ ０ .１０
Conclusions Demands of lactation can increase forage intake for cows grazing native rangeland in autumn . However , lactatingcows grazing higher quality seeded pasture that supported maintenance of body weight did not differ in intake from non‐lactatingcows .
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Recording the prehensive bite diversity in cows for a dynamic analysis of foraging behavior on
diversified vegetation
AGREIL Cy ril and MEURET Michel
INRA UR７６７ ,SA D Department , A groparc ８４ ９１４ A v ignon cedex ９ , France . E‐mail :agreil＠ av ignon .inra .f r

Key words : on‐farm recordings , ruminants , intake kinetics , feeding behavior , bite‐count technique
Introduction Direct observation techniques have been widely used these last ３０ years for recording intake of domestic and wildbut tamed ruminants ( Neff １９７４ , Holechek et al . １９８２ , Meuret et al . １９８５ , Dumont et al . １９９５ ) . Recent improvementsallowed for a continuous recording and hence an accurate estimation of intake ( Parker et al . １９９３ , Agreil and Meuret ２００４ ) ,but mainly for small‐sized ruminants ( i .e . deer , sheep and goats) . The aim of this paper is to present a coding grid designedfor the recording of bites of cows foraging on diversified vegetation .

　 Figure 1 The coding grid f or cows . The p lant parts are
indicated by small icons that symbolize their
physiognomy : f ine lines f or stems or lea f blades , ov als
f or tree and shrub leaves , open circles f or f lowers and
black circles f or f ruits . The length o f leaves , laid out
but not stretched , is indicated in cm . to the le f t o f the
icons . The mono‐and bi‐sy llabic codes dictated during
the observ ation are given to the right o f the icons .

Material and method The coding grid for cows bites wasdeveloped by observing on‐farm a flock of heifers , in ２００４

( Alpine range , France ) . After the familiarization procedure( Agreil and Meuret ２００４) , we grouped the diversity of observedbites into bite categories ( BC ) . At this stage , we looked for
physiognomic similarities ( nature , shape and size of the selectedplant parts) , in order to limit the number of BC . This initialcategorization was then sharpened by creating BC , when theobserver anticipated major differences in mass or nutritionalcontent . Each BC observed , containing either a single or severalspecies , was manually simulated by the observer during the non‐observation days , for determining the dry matter and nutrientcontents .
Results and discussion The resulting bite coding grid ( Figure １ )form a �language " , easily learnt by heart . Codes aremonosyllabic and are easy to dictate immediately after the nameof the selected botanical species , even during the highest bitefrequency periods ( over １００ bites /min) . The diversity of biteswas satisfactorily described by ３６ BC , which nearly as much asthe number of BC needed for sheep and goats ( Agreil and Meuret
２００４ ) . However , certain special cases required additionalinformation in order to complete the coding process , e畅 g畅 forvariable proportion of dead materials in swards we needed aseries of ３ �modifiers" superimposed on the basic grid .
Conclusions The bite‐coding grid allows for an exhaustiverecording of bites during whole meals and days , opening the waynot only to an accurate estimation of intake on diversifiedvegetation , but also to a dynamic analysis of foraging behavior ofcows .
ReferencesAgreil C . , Fritz H . , Meuret M . , (２００５) . Maintenance of dailyintake through bite mass diversity adjustment in domesticsheep grazing on heterogeneous vegetation . A p p lied A nim .

Behav . Sci . ９１( １) : ３５‐５６ .Agreil C . , Meuret M . , ( ２００４ ) . An improved method forquantifying intake rate and ingestive behaviour of ruminants indiverse and variable habitats using direct observation . Small
Rumin . Res . ５４(１‐２) : ９９‐１１３ .Dumont B . , Meuret M . , Prud摧Hon M . , ( １９９５ ) . Direct observation of biting for studying grazing behaviour of goats andllamas on garrigue rangelands , Small Rumin . Res . １６ , ２７‐３５ .Holechek J . , Viavra M . , Pieper R . , ( １９８２ ) . Botanical composition determination of range herbivore diets : a review . J .
Range Manage . ３５ : ３０９‐３１５ .
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Intake rate oscillations at the meal scale : the dynamics of feeding choices for coping with
diversity on rangelands
AGREIL Cy ril１ ,MONEST IEZ Pascal１ ,V IL LA LBA Juan２

１ INRA A groparc ８４９１４ A v ignon Cedex ９ ,France . ２ Dep t . W ildland Resources , Utah State University , Logan , UT ８４３２２‐
５２３０ .E‐mail :agreil＠ av ignon .inra .f r

Key words : feeding strategy , Ruminants , Sheep , Diet , Foraging behavior , Intake rate
Introduction On rangelands and natural grasslands , domestic ruminants have to cope with the high diversity of plant species andplant secondary compounds ( Provenza and Villalba , ２００６ ) . Foraging responses of ruminants challenged with this chemical andtaxonomical diversity have poorly been documented in their dynamic dimension ( Gillingham et al .１９９７ , Agreil et al . ２００５) . Inthis study , we aim at modeling the temporal dynamics of foraging during meals , and discuss the results as a contribution to theunderstanding of ruminants feeding strategies .
Materials and methods Two experiments were conducted in France on sheep ( see Agreil et al . ２００５ ) . Foraging behavior wasrecorded by direct and continuous observation of bites ( Agreil and Meuret ２００４ ) . Log‐transformed intake rate kinetics wereanalyzed by modeling their variograms ( Lajaunie et al . １９９９ ) . As experimental variograms were too complex to be fitted byonly one basic model of variogram , we used a combination of several basic models . Finally , filter kriging was used forextracting the three components from the observed intake rate kinetics .
Results and Discussion The experimental variograms were satisfactorily modeled by a sum of three basic models : a long‐rangeexponential model , a damped cosine model , and a short‐range exponential model . Intake rate time series can thus be interpretedas the sum of three components , respectively structured by : ( １ ) an exponentially decreasing dependence , which can beconsidered negligible for lags longer than ２０ min ; ( ２ ) correlation coefficients that are successively positive and negative ,generating an oscillating pattern , with pseudo‐periods of respectively １９ .６ and １４ .７ min for experiments １ and ２ ; ( ３ ) anexponentially decreasing dependence , considered negligible for lags longer than ２ min . The three components were extracted by

　 Figure 1 Filter kriging during one bout , as an
examp le . The log‐trans f ormed intake rate time
series ( thin solid line ) is rep resented w ith the
f iltered trend ( thick dotted line ) , the oscillating
component ( thick solid line ) and the short‐range
( thin dotted line) .

filter kriging the observed log‐transformed time series of each bout( see an example on Figure １ ) . Temporal patterns could beinterpreted as the quantitative consequence of the foraging strategiesof ruminants faced with diversified vegetation . Oscillations , whichare frequent in biological systems , are sustained and not damped inour case . Oscillating patterns of intake ( pseudo‐period about ２０min) may represent transient aversions to specific plant secondarycompounds ( PSC ) which saturate detoxification and eliminationpathways in the animal ( Provenza and Villalba , ２００６ ) . T ransientreductions in food intake may reflect critical threshold of PSC inblood plasma that initiates an aversion . This would allow forprocesses of detoxification and elimination to take place . Onceconcentrations of PSC are below critical thresholds , the animal willresume eating the species associated with the specific PSC ( Foley et
al . １９９９ ) . Some of the species tested in the present study containalkaloids ( e .g . Genista cinerea , Genista purgans ) which throughthe pharmacokinetic processes described may reflect the cyclicpatterns .
Conclusions Our results provide insights on the dynamics of theforaging process , which could help to link short‐term feeding choiceswith their nutritive and toxicological consequences .
ReferencesAgreil C . , Meuret M . , ( ２００４ ) . An improved method for quantifying intake rate and ingestive behaviour of ruminants indiverse and variable habitats using direct observation . Small Rumin . Res . ５４(１‐２) : ９９‐１１３ .Agreil C . , Fritz H . , Meuret M . , ( ２００５ ) . Maintenance of daily intake through bite mass diversity adjustment in domesticsheep grazing on heterogeneous vegetation . A p p lied A nim . Behav . Sci . ９１(１) : ３５‐５６ .Foley W .J . , Iason G .R . , McArthur C . , (１９９９) . Role of plant secondary metabolites in the nutritional ecology of mammalianherbivores . In H .G . Jung , G .C . Fahey . ( Ed .) Nutritional Ecology of Herbivores . １３０‐２０９ .Gillingham M . , Parker , Hanley , (１９９７) . Forage intake by black‐tailed deer : Bout dynamics . Can . J . Zool . ７５ : １１１８‐１１２８ .Lajaunie C . , Wackernagel H . , Thiery L . , Grzebyk M . , ( １９９９ ) . Sampling multiphase noise exposure time series . In :GeoENVII , geostatistics for environmental applications . Gomez‐Hernandez et al . ( Ed) Kluwer Acad . Pub . Dordrecht .Provenza F .D . Villalba J .J . , (２００６ ) . Foraging in domestic vertebrates : Linking the internal and external milieu . ２１０‐２４０ In V .L .Bels ( Ed .) Feeding in Domestic Vertebrates : From Structure to Function . CABI , Oxfordshire , UK .
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The effects of grazing on the vegetation of typical steppe in Mongolia Plateau
Bao X iux ia , Y i Jin , W uren Qimuge , L ian Yong , Su Buda
College o f A gronomy , Inner Mongolia A griultural University , Hohhot , Inner Mongolia ０１００１８ P .R .China .
E‐mail :y i j in＠ １６３ .com

Key words : grazing system ; ecological indicators ; typical steppe
Introduction Rotational grazing systems are widely used in Inner Mongolian grasslands . The vegetation characteristics werecompared between continuous and rotational grazing systems ( Savory １９８０ ) . In this study , we selected the typical steppe inInner Mongolia and Mongolia to compare the vegetation difference in different grazing systems in order to assess the effect ofvegetation on grazing systems .
Materials and methods The vegetation characteristics of typical steppes in Dongwu Banner in Inner Mongolia , China (４５°２７′ N ,
１１７°０４′E) and Su He Bater Province in Mongolia ( ４５°４４′N ,１１５°４３′E ) were measured at the same time to compare thedifference under different grazing systems . We mainly used herder摧s house as the starting point and located three transects ,every transect angle is １２０ . Three to five quadrats (１ × １ m２ ) data were collected and analyzed using SPSS１３ .０ .
Results Stip a kry lov ii is the dominant species and the results showed in Table１ . The result showed that the height andcoverage of vegetation in Mongolia Stipa kry lov ii tupical steppe ( nomadic grazing ) were higher than Inner Mongolia( consecutive grazing ) .
Table 1 Vegetation characteristics o f Stipa krylovii ty p ical step pe in two sites .

VegetationGrazing system Height( cm) Coverage( ％ )
Mongolia( nomadic grazing ) ９ *.０ ± ３ .２ a

９ 镲.８ ± ６ .７ a

Inner Mongolia( consecutive grazing ) ５ 8.８ ± １ .５ b
３ 眄.８ ± １ .５ b

Note : different letters indicate significant differences at P ＜ ０ .０５ level .
Conclusions Nomadic grazing in Mongolia is better than consecutive grazingin Inner Mongolia .
ReferencesSavory A , Parsons L D . , (１９８０) . The Savory grazing method[ J] .Rangelands , ２ : ２３４ .Coupland R T . , ( １９７９ ) . Grassland ecosystems of the world : Analysis of grasslands and their uses . Cambridge UniversityPress .Long R J .Dong SH K .Hu Z Z . , ( ２００５ ) . Grassland degradation and ecological restoration in western Chinas [ J] .G rassland

and Tur f , ６ :３‐７ ( in Chinese) .
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Sward structure and foraging behaviour of cattle grazing reproductive tropical pastures
M .A Benvenutti１２３ , I .J . Gordon１ and D .P Pop p i ２

１ Sustainable Ecosystems , CS IRO‐Dav ies L aboratory , Queensland , A ustralia . E‐mail : marcelo .benvenutti ＠ csiro . au , ２

Schools o f A nimal S tudies and Veterinary Science , University o f Queensland , S t Lucia , Queensland , A ustralia and ３ IN TA
EEA Cerro A z ul , M isiones , A rgentina .
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Introduction The rate of nutrient intake ( RNI) is an important determinant of animal performance for grazing animals thatdepends on diet quality and instantaneous intake rate ( IIR) . In turn , diet quality and IIR are the outcome of the interactionbetween animal size and structure of the sward . Stems can be a dominant component of reproductive tropical pastures . The aimof this study was to test the hypothesis that foraging behaviour of younger / smaller steers would be less affected by the increasein the physical strength and density of stems compared to older / larger cattle , which are less able to be selective while foraging .
Materials and methods Steers were offered artificial microswards ( ０ .２４ m２ ) consisting of leaves ( ２０ cm long ; ８００ m‐２ ) andstems (２５ cm long) of Panicum maximum . The treatments consisted of a factorial combination of two cattle ages ( １ and ３‐

year‐old steers of ３２４ and ６０５ kg LW ) and four levels of stem tensile resistance at ４００ stems m‐２ in Experiment １ or fourdensities of stems of high tensile resistance in Experiment ２ ( ０ , １００ , ２００ and ４００ stems m‐２ ) . The experiments had arandomized complete block design with tree steers per age . The steers were allowed to take eight bites from the swards , andthe proportion of stems in diet , bite mass , IIR , diet DM ( dry matter ) digestibility and digestible DM IIR were measured
(Benvenutti et al . , ２００７) . Non‐linear regression analysis was used to test the relationship between stem tensile resistance orstem density and the animal response variables .
Results There was a highly significant negative effect of both stem resistance and stem density on the proportion of stem in diet ,bite mass , IIR and diet DM digestibility for both animal age groups ( P＜ ０ .００１ ) ; this negative effect was stronger in matureanimals . All animals became more selective , avoiding the stems , as the tensile resistance and density of stems increased . Thishad a positive effect on diet quality for both animal age groups ; however , it had a strong negative effect on bite mass , IIR anddigestible DM IIR , particularly in mature animals ( Figure １) .

Figure 1 The ef f ect o f the stem tensile resistance ( STR ) ( kN ) and stem density ( SD ) ( stems /m２ ) on bite mass ( A ,B ) ( g
DM ) , and digestible DM I IR (C ,D ) (mg DM /kg live weight /min ) o f １‐( A ,C ) and ３‐year‐old ( B ,D ) steers graz ing
microsw ards o f Panicum maximum comp rised o f leaves and stems .

Conclusions The foraging behaviour of older / larger steers was more strongly affected by increases in the physical strength anddensity of the stems in tropical swards than was that of younger / smaller animals . This indicates that younger animals wouldhave a nutritional advantage over the older animals when grazing reproductive tropical pastures containing a high density ofstems of high tensile resistance .
ReferenceBenvenutti , M .A . , Gordon , I .J . , Poppi D .P . , Crow ther R . , Spinks W . , ( ２００７ ) . Foraging mechanics and their outcomesfor cattle grazing reproductive tropical swards . A p p lied A nimal Behav iour Science ( in press) .
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Measurement at pasture of intake , digestibility and chemical composition of the diet of nursing
ewes , using Faecal NIRS
M . Boval1 , A .Fanchone1 , E . Ortega‐Jimenez 2 , G . A lexandre1 .
1 INRA , UR143 , Unité de Recherches Zootechniques , 97170 Petit‐Bourg Guadeloupe ( F .W .I .)

Key words : pasture , diet quality , intake , digestibility , faecal NIRS , suckling ewes , T ropics
Introduction To improve efficiency of animal production at pasture , the evaluation of the diet in situ , is a prerequisite . FaecalNIRS can be a good alternative to estimate the diet quality of grazing animals , by providing a rapid , low cost and highlyreproducible diagnostic ( Review of Shepherd and Walsh , ２００７) . The objective of this study was to use the faecal NIRS methodcalibration previously realised for rams in stalls , to evaluate at pasture the diet quality of suckling ewes . The consistency of theestimates using faecal NIRS was evaluated by comparing the estimated diet quality , to milk production of to pasturecharacteristics , since no existence of any reference method to measure the diet at pasture .
Materials and methods A trial with １２ grazing suckling ewes was carried out for ５ lambing periods ( LP ) , on a Digitaria
decumbens pasture rotationally‐managed for ２８ days re‐grow th period . Faecal samples were collected per ewe three times perLP , using faecal bags and analysed using a Foss NIRSystem ６５００ monochromator . From faecal spectra several parameters weredetermined using previously published faecal NIRS calibrations : organic matter digestibility ( OMD ) , organic matter intake
( OMI) , digestible OMI (DOMI) , the crude protein content of the herbage ingested (CPi) . Simultaneously , the individual milkproduction ( MP) of the ewes , and the pasture characteristics were measured : the biomass , the CP content of the herbage( CPh) and the leaf mass . The relationships between the diet quality , the milk production and the characteristics of the pasturewere analyzed .
Results OMI and DOMI ( g / kg LW ０ .７５ ) were higher at the １st and the ４th LP ( P ＜ ０ .０１ , Table １) . OMD and CPi varied in anopposite way , being higher at the ２

nd an the ５
th LP ( P ＜ ０ .０１ ) , as the CPh and the leaf mass . Compared to the milkproduction , the estimates of OMI and DOMI varied in the same way ( Figure １ ) , whereas OMD was negatively correlated toMP ( r ＝ ‐０ .５６ , P ＜ ０ .００１) . Compared to characteristics of the pasture , OMD and CPi were positively correlated with CPh ( r

＝ ０ .２８ , P ＜ ０ .０３ ; r ＝ ０ .５０ P ＜ ０ .００１) , whereas the ADFi decreased with the CP content of the herbage offered ( r ＝ ‐０ .５４ , P
＜ ０ .０１) .

Table 1 Characteristics o f the diet o f graz ing nursing ewes
estimated using f aecal N IRS : organic matter (OM ) intake ,
OM digestibility , digestible OM intake ( DOM I ) , and
chemical composition o f the herbage ingested , the crude
p rotein (CPi) . In a row , means w ith a common superscrip t
letter are not di f f erent , P ＜ 0 . 05 . R . S . D : residual
standard dev iation o f the model .

LP１ 佑LP２ 2LP３ 悙LP４ 镲LP５ MR .S .D
Intake ８３ |.３a ６８ 儋.５b ６３ 7.３b ８５ 槝.３a ４７ 鼢.９c ０ 3.９９
OMD ６４ }.９c ６７ 儋.４b ６６ ,.３bc ６５ 媼.６bc ７０ 鲻.５a ０ 3.９４
DOMI ５８ o.５ab ５３ 儋.３b ４２ :.７c ６１ 槝.９a ３６ 貂.８d ０ 3.９８
CPi １５ }.９c １６ 儋.８b １６ ,.５bc １６ 媼.４bc １８ 鲻.２a ０ 3.７９
ADFi ３３ z.１b ３４ 圹.２a ３２ 7.７b ３２ 枛.９b ３２ 趑.７b ０ 3.４３
ADLi ３ [.１bc ３ 破.５a ２ %.８c ２ 剟.９c ３ 照.２bc ０ 3.３２

Figure 1 Daily milk p roduction (MP , kg / day ) , according to
the organic matter intake ( OM I , kg / day ) , measured per
graz ing nursing ewes over 5 lambing periods .

Conclusions The positive relationships between OMI , DOMI and MP , suggest that the estimates using faecal NIRS calibration ,
provide consistent estimates of the diet at pasture . The different evolution of OMI and DOMI compared to that of OMD and CPiillustrate how it is important to measure several parameters to characterise the diet . This shows also the need of a useful tool tomeasure nutrition in real grazing conditions .
ReferenceShepherd , K .D . ,Walsh , M .G . , (２００７) . Infrared spectroscopy‐enabling an evidence‐based diagnostic surveillance approach toagricultural and environmental management in developing countries . Journal o f near In f rared S pectroscopy １５ , １‐１９ .
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Improvement of manure quality and crop yields by cattle supplementation
Cissé M . , N�Diaye M . , N�Dione C .M .
倡 Senegalese Institute o f A gricultural Research ( ISRA ) , L NERV PoBox 2057 . E‐mail : maimouna .cisse6＠ gmail .com

Key words :mineral supplementation , manure , crop yield
Introduction Animal and crop productivity are limited by mineral deficiencies in the Sahel (Cissé et al . ,１９９６ ) where millet( Pennisetum glaucum ) and groundnut ( Arachis hypogaea ) are two major food and cash crops . Livestock are is also soilfertilizing agents by nutrient recycling from excretions ( Hiernaux and Rivera , １９９６ ) . A trial was conducted to assess theeffects of application of the manure from cattle supplemented with rock phosphate and/ or nitrogen on crop grow th and yield ina pearl millet‐groundnut rotational system .
Material and methods The study was conducted in the dry season from February to June on ６０ pasture‐grazing cattle alloted in acontrol ( Group １) and three supplemented groups . Cattle received ７５ g / animal / d of Thiès rock phosphate in ３０ L of water inGroup ２ , ５００ g of ４％ urea‐treated millet stover and １ kg of peanut cake and ８００ g of millet bran/ animal/ d in Group ３ , andcombined diet offered inGroups ２ and ３ treatments for Group ４ . Cattle body condition was monthly scored (Cissé et al . ,２００３)and manure produced during the night daily recorded , collected and sundried . The experiment on farm was a millet ( var . souna
３)‐groundnut ( var . Fleur １１ ) rotational cropping system with ５ treatments : control ( no manure ) , manure fromunsupplemented animals ( Group １ ) , and manure from cattle of Groups ２ , ３ and ４ , respectively . During the rainy season ,manure was applied at ４ t / ha to the millet crop . Groundnut was planted the following year without renewing manureapplication . Parameters of plant grow th and yield were measured at ２４ , ５２ days and at harvest .
Results and discussion The experiment showed important change in body condition score ( BCS ) according to the supplement
given to cattle . Controls lost ( P＜ ０ .０５) ０ .９ point in BCS (３ .６ vs ２ .７) , while cattle supplemented with rock phosphate mixedin water maintained their BCS at ３ .５ points . Animals from Groups ３ and ４ groups gained ( P＜ ０ .０１ ) ０ .７ (２ .８ vs ３ .５) and ０ .
９ point (３ .１ vs ４) of BCS , respectively ; this being in part due to the high energy content of their diet . After ２８ days of grow thand at harvest , millet and groundnut plant population was not significantly influenced by manure application . At ５２ days ,manured plants were slightly taller than the controls . Enriching manure resulted in a positive response in number of leaves and
groundnut plant height ( Table １) . Millet grain yield increased from ２４ to ６８％ , depending to the diet offered to animals . Thecontrol without manure provided the lowest yield and the highest production was obtained with additional supply of P and N bymanure . However , compared to the production of plots manured by control animals , the gain in millet grain yield due tomanure enriched in P and N ( i .e . , ２６４ kg / ha) was higher than the sum of the gains due to supplementation either in P (７３ kg /ha) or in N only ( ９２ kg / ha) . The residual effect of manure on groundnut yield represented １１ to ２５％ over yield from theunmanured plots . This trial assessed several advantageous of supplementation . However , a better response on crop yields couldbe expected with the confining of animals in fields , due to an increase in nutrients cycling ( Powell et al . , １９９４) both from fecaland urinary excretions .

Table 1 E f f ect o f manure on number o f leaves / p lant ５２ days a f ter p lanting１ , p lant height and grain yield .

T reatment
Direct effect on millet Residual effect on groundnut
Grain yield ,kg / ha ％increase Number ofleaves１ 帋

Plant height ,cm Grain yield ,kg / ha ％increase
ControlManure of １rst group
Manure of the ２nd groupManure of the ３rd groupManure of the ４th group

５９９c
７４４b
８１７b
８３６b
１００８a

‐

２４

３６

３９

６８ 邋

５１ K.９３a
５１ .８０a
５２ .５６a
５７ .５５b
５８ .７５b

１９ 鞍.０９a
２０ .７９c
２０ .１６b
２０ .２７b
２１ .２４d

６８３b
７４２ab
７５６ab
８４２ab
８５７a

‐

９

１１

２３

２５ 殮
Means followed by different letters in the same column are different at P＜ ０ .０５ .
ReferencesCissé ,M . ,Guérin ,H . ,Prince ,E . ,(１９９６ ) . Les carences minérales existent au Sénégal . Comment corriger ce déficitnutritionnel en élevage ?Etudes et documents , ISRA ( d .) , Vol .７ , no . １ , ３３ p .Cissé ,M . ,Korréa ,A . ,Ly ,I . ,Richard ,D . ,(２００３ ) . Change in body condition of zebu cattle under different level offeeding . Relationship with body lipids and energy . J . Anim . Feed Sci . １２ , ４８５‐４９５ .Hiernaux , P . , Fernandez‐Rivera , S . ,( １９９６) . Grazing effects of goat‐sheep mixes on the vegetation structure and productivityof old fallows in the Sahel . In : West , N .E . ( ed .) . Rangelands in a sustainable biosphere . Proc . Fif th Int . Rang .Congress , Vol . ２ , Denver , CO : Soc . Rang . Manage . , ２３０‐２３１ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]445　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Changes in the physiology of tall fescue during regrowth
D .J . Donaghy 倡 ,L .R . Turner , K .A . A damczewski and L .L . Burkitt
Tasmanian Institute o f A gricultural Research , University o f Tasmania , Burni ,e Tasmania .倡 Corresponding author . E‐
mail : Danny .Donaghy＠ utas .edu .au

Key words : herbage quality , regrow th , tall fescue
Introduction Tall fescue ( Festuca arundinacea Schreb .) is a widely utilised dairy pasture species due to its wide range ofadaptability ( Langer , １９９０) , but little is known about the effect of leaf stage based defoliation management on this species .Grazing management decisions should be based on an understanding of the physiological changes that occur in the grass plantthroughout the regrow th cycle . The aim of the present study was to investigate changes in tall fescue during regrow th toestablish a basis for optimum defoliation management of tall fescue pastures .
Materials and methods Glasshouse treatments consisted of one preliminary harvest followed by ５ sequential harvests when eachnew leaf had regrown , up to the ５‐leaf stage (５ live leaves per tiller) . Leaf tissue , stubble tissue below ５０ mm and roots werecollected at each harvest . Root and stubble samples were analysed for water‐soluble carbohydrates (WSC) , and metabolisableenergy ( ME) was calculated using dry matter (DM ) digestibility measurements of leaf material .
Results and discussion A positive linear relationship ( r２ ≥ ０ ．６１） between stubble WSC levels and the regrow th capacity of tallfescue confirmed that WSC reserves play an important role in the entire plant regrow th cycle following defoliation . Leaf androot regrow th commenced at a similar time in tall fescue plants following defoliation , with both leaf and root DM yields reachingtheir pre‐defoliation levels between the ２‐leaf and ３‐leaf stages . Root grow th increased until the ４‐leaf stage and then stabilized ,while leaf grow th continued to increase until the ５‐leaf stage of regrow th . Leaf and root grow th , therefore , appeared to beassigned equal priority for energy allocation , unlike perennial ryegrass ( Lolium perenne L .) , for which leaf regrow th has ahigher priority for allocation of WSC reserves following defoliation compared with roots (Donaghy and Fulkerson , １９９８) . Thisfinding is in agreement with the work of Kemp et al . (２００１ ) , who found that tall fescue allocated more of its biomass to rootsand pseudostem compared with perennial ryegrass . The ME concentration of tall fescue decreased with increasing leaf stage
( Table １) , due to decreasing digestibility of plant tissue with age .
Table 1 Stubble dry matter (DM ) (mg/ tiller) , root and leaf DM (mg/ p lant) , and lea f metabolisable energy (ME) (M J/ kg
DM) be f ore de f oliation and at each corresponding lea f regrow th stage .

Leaf regrow th stage
( leaves/ tiller)

Stubble DM
( g / plant)

Root DM
( g / plant)

Leaf DM
( g / plant)

Leaf ME
(MJ/ kg DM )

０ 後０ 侣.８７ １ ＃.５０ ３ 剟.９４ １０ 摀.７
１ 後０ 侣.６９ ０ ＃.８０ ０ 剟.５６ １１ 摀.３
２ 後０ 侣.８９ １ ＃.２９ ２ 剟.４８ １０ 摀.９
３ 後０ 侣.８９ １ ＃.６５ ４ 剟.３７ １０ 摀.４
４ 後１ 侣.１７ ２ ＃.１９ ６ 剟.７５ １０ 摀.１
５ 後１ 侣.４４ ２ ＃.０９ ７ 剟.１１ ９ e.２
LSD ( P ＝ ０ �.０５) ０ 侣.２９ ０ ＃.６２ ０ 剟.９１ ０ e.２

Conclusions These results emphasise the dichotomy of this species , with relatively frequent defoliation at the ２‐leaf stagerequired to maintain an ME concentration above １０ .５ MJ kg‐１ DM , contrasting with relatively infrequent defoliation at the ４‐leaf stage required to maximise pasture production and persistence . A field study investigating the rotational grazing of tallfescue at different leaf regrow th stages would be valuable to confirm the most effective range of grazing intervals in the field .
ReferencesDonaghy , D .J . , Fulkerson , W .J . ,( １９９８ ) . Priority for allocation of water‐soluble carbohydrate reserves during regrow th of

Lolium perenne ( L ) . Grass Forage Science ５３ , ２１１‐２１８ .Kemp , P .D . , Tavakoli , H . , Hodgson , J . ,( ２００１ ) . Physiological and morphological responses of tall fescue and perennialryegrass to leaf defoliation . Proc . １０th Aust . Agron .Conf . , A ustralian Society o f A gronomy , Hobart .Langer , R .H .M . ,(１９９０) . Pasture plants . In : Langer , R .H .M . Pastures‐their ecology and management . Auckland : OxfordUniversity Press , ３９‐７４ .



瞯 ]446　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Evaluation of impacts of livestock grazing intensity on plant biodiversity in the western Chang
Tang National Natural Reserve , Tibet , China
T . Dor j i 1 , J . L . Fox 2 , C .E . Richard3

1 Department o f Plant Science and Technology , College o f A griculture and A nimal Husbandry , T ibet University , College
Road No . 8 , Bayi Township , Ny ingchi District , T ibet A utonomous Region , 860000 China , 2 Department o f Biology ,
Faculty o f Science , University o f T roms矱 N‐9037 T roms矱 Norw ay ,3 Rangeland Consultant , P .O . Box 188 , L ake City , CO
81235 . E‐mail :tsechoedor j i＠ yahoo .com

Key words : grazing intensity , biodiversity , Chang Tang , China
Introduction In an arid or semi‐arid region , such as the western Chang Tang area of the northwest Tibetan Plateau , herbivore
grazing could be expected to have little impact on plant biodiversity if the system exhibits non‐equilibrium characteristics at alarge scale (Behnke & Scoones １９９３) . However , in some places where high mountain ranges are located , such as in the AruBasin (３３°４５′‐３４°２５′N and ８１°５５′‐８２°４０′E) , wetter microclimates occur within arid regions . Here the system would possiblybe in a state of equilibrium , and the plant species richness should vary significantly along a grazing pressure gradient . Tounderstand how livestock grazing intensity affects local plant biodiversity is therefore important for identifying ecosystem
properties and can inform selection of appropriate policies for managing the ecosystem .
Materials and methods Grazing gradients radiating out from nomad summer camps were used to examine the effects of livestockgrazing pressure on vegetation . Ten transects of ２００ m length each were randomly placed in low and highly grazed areas .Twenty quadrats , each ０ .２５ m２ , were spaced at １０ m intervals along each transect for vegetation measurements . Vegetationdata were separated into three categories , total , graminoids , and forbs ( including dwarf shrubs) . Soil samples collected fromlow and highly grazed sites were analyzed for chemical composition .

Figure 1 Bar p lot w ith ９５％ o f
con f idence interv als ( CI ) illustrating
di f f erences in species richness (numbers
o f species along a ２００ m transect ) f or
total species , graminoids and f orbs
between the highly grazed and low
grazed areas in the western A ru Basin
on the northwest T ibetan Plateau .

Table 1 DCA w ith Monte Carlo Permutation test results f or conditional e f f ects o f
env ironmental variables .
Variable Var .N λ 　 F‐ratio P value variance explained
Elevation １８ x０ 怂.２１ ４ F.００ ０ 侣.００２ ０ `.２１
Forb species richness ２５ x０ 怂.１２ ２ F.４０ ０ 侣.００８ ０ `.１２
Species richness ７ O０ 怂.１１ ２ F.３８ ０ 侣.００６ ０ `.１
Grass species richness ２４ x０ 怂.０７ １ F.５６ ０ 侣.０９８ ０ `.０７
Slope １７ x０ 怂.０５ １ F.３２ ０ 侣.１９ ０ `.０５
Grazing intensity ２ O０ 怂.０６ １ F.５ ０ 侣.１１４ ０ `.０６
Aspect １６ x０ 怂.０５ １ F.２３ ０ 侣.２６５ ０ `.０５
Latitude １９ x０ 怂.０３ ０ F.７７ ０ 侣.５９４ ０ `.０３
pH ８ O０ 怂.０３ ０ F.８ ０ 侣.５４８ ０ `.０３
N ９ O０ 怂.０３
K １０ x０ 怂.０３
P １１ x０ 怂.０３
Organic material １２ x０ 怂.０３
Total N １３ x０ 怂.０３
Total P １４ x０ 怂.０３
Total K １５ x０ 怂.０３
A total of ４９０ permutation tests were performed by setting options in Canonical Correspondence Analysis( CCA) using Canoco for Windows ４ .５ .

Results and discussion All comparisons between high and low grazing sites indicated that grazing intensity is not a significantfactor impacting plant biodiversity ( Figure １) . A Monte Carlo Permutation test showed that elevation was the most significantabiotic environmental variable in explaining floristic variation ( Table １) . Moisture and elevation gradients were also important .
Conclusions This study indicates that grazing intensity has a limited impact on plant species richness , suggesting a domination ofnon‐equilibrium rangeland vegetation characteristics in what is probably one of the moistest parts of the western Chang Tangplateau . Thus , the efficacy of current rangeland management policies , which are based on equilibrium ecosystemscharacteristics , should be questioned . A more realistic approach , using flexible and opportunistic strategies , needs to beformulated to manage livestock and wildlife in this non‐equilibrium ecosystem .
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How does sward height and quality affect the choice of feeding sites and intake in horses ?
N . Edouard1 , 2 , G . Fleurance3 , 1 , P . Duncan2 , B . Dumont1 , and R .Baumont1
1 INRA , UR1213 Unité de Recherches sur les Herbivores , 63122 St‐Genès‐Champanelle , France . E‐mail : nedouard ＠

clermont .inra . f r , 2 CEBC‐CNRS UPR1934 , 79360 Beauvoir‐sur‐Niort , France , 3 Les H aras Nationaux , Direction des
connaissances , 19230 A rnac‐Pompadour , France

Key words : horses , pastures , intake , feeding choices , sward characteristics
Introduction Grass represents a large part of the diet of horses , which has important consequences for their nutritionalmanagement . However , little is known of the factors affecting horse daily intake and patch selection at pasture , including theeffect of basic vegetation characteristics such as sward height and quality . As plants grow and mature , their fibre contentincreases involving a decline in quality . Optimal foraging models predict that herbivores should trade‐off between swardaccessibility , which determines intake rate , and sward quality , which determines diet digestibility and crude protein content
( Fryxell , １９９１ ) . In ２００６ , we quantified the choice of feeding sites and intake levels when sward height varied , while keeping aconstant high quality . In ２００７ , we tested whether these choices and intake levels differed when height and quality variedsimultaneously . Our hypothesis is that horses will express a preference for feeding sites allowing the higher nutrient intakerate .
Materials and methods In both years , three groups of ２‐yr‐old saddle horses ( n ＝ ９ in ２００６ , n ＝ ６ in ２００７ ) were grazed on asemi‐natural pasture that was managed to produce three contrasting swards , in a Latin‐square design ( three periods) . In ２００６ ,the swards differed in height and were of the same quality (�short�＝ ６ cm ,�intermediate�＝ １１ cm and �tall�＝ １７ cm ; fibrecontent ＝ ４９％ NDF ) . In ２００７ , the swards varied simultaneously in height and quality (�short good�＝ ７cm‐５６％ NDF ,
�medium intermediate�＝ １３ cm‐６０％ NDF and�tall poor�８０ cm‐６２％ NDF) . The different swards were offered to the animalseither alone or in pair‐wise tests . Preferences were established from the time spent grazing each sward in pair‐wise tests . Dailyfood intake was measured individually using faecal collection on swards offered alone in ２００６ and on each pair‐wise test in ２００６and ２００７ . Instantaneous intake rates were determined on each sward offered alone for both years using trays .

　 Figure 1 Selection f or the taller sw ard in the �short�/�tall�
choice by the log１０ o f the ratio ( time spent graz ing on the
taller sw ard / time spent graz ing on the shorter sw ard) , in
２００６ and in ２００７ (periods １ to ３ ) .

Results and discussion In ２００６ , the animals spent ６５‐９５％ oftheir daily feeding time grazing on the taller sward wherethey realised the highest dry matter ( DM ) instantaneousintake rates . In ２００７ , sward quality decreased across the
periods ( the �tall poor�matured , from ６０ to ６４％ NDF )resulting in contrasting preferences between first and last
periods . In the first period , horses spent ６２‐８０％ of their
２４h feeding time grazing on the taller swards and confirmed
year １ results . In the second and third periods , they
gradually switched onto the shorter swards ( ５５‐７０％ of theirdaily feeding time ) even if instantaneous intake rate ofdigestible DM remained higher on the taller sward . At thattime , crude protein ( CP) content of the taller sward had ,however , decreased to ７％ which was not enough to coverhorses requirements . Figure １ illustrates the evolution ofhorse choices at a daily scale between the �short�and �tall�swards . During the first hour of testing , horses selected theintermediate sward where digestible protein intake rate was maximized (�medium intermediate�＝ ２ .２ g digestible CP/mn ＞

�short good�and �tall poor�＝ １ .５ g digestible CP/mn) . Daily voluntary intake of digestible DM and total feeding time werenot affected by sward height or by pair‐wise choices and averaged １３ g DM /kg LW/day and １４ h/ day .
Conclusions When swards did not differ in quality ( or differ slightly ) ( ２００６ and ２００７ first period) , horses selected the tallerswards where they realised higher DM instantaneous intake rates . When taller swards matured ( last two periods of ２００７) , thehorses shif ted their preferences to high‐quality short swards even if instantaneous intake rates of digestible DM remained higheron the taller sward . It therefore appears that sward quality ( especially CP content ) overrides the effect of sward height , inagreement with previous field observations ( Menard et al . , ２００２) .
ReferencesFryxell , J .M . ,( １９９１) . Forage quality and aggregation by large herbivores . The American Naturalist １３８ , ４７８‐４９８ .Menard , C . , Duncan , P . , Fleurance , G . , Georges , J .Y . , Lila , M . ,( ２００２ ) . Comparative foraging and nutrition of horsesand cattle in European wetlands . Journal o f A p p lied Ecology ３９ , １２０‐１３３ .
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Behaviour of fallow deer and sheep on large unit fen pastures in north east Germany
Fischer , G . Schalitz 1 and A . Behrendt
Leibniz‐Centre f or A gricultural L andscape Research , D 15374 Müncheberg Germany .E‐mail :f sp aul＠ z al f .de

Key words : Fallow deer , sheep , common pasture , behaviour , winter
Introduction The fodder grown on fen pastures is hardly any more completely consumed by fallow deer during the vegetation
period . Reasons to favour winter pastures of sheep are the reduced costs for the production of hay , the maintenance of buildingsand the input of labour .
There is only small information available concerning the grazing behaviour of jointly grouped fallow deer and sheep in winter .
Material and methods The study of the joint keeping of fallow deer and sheep on winter pastures were carried out in a fen areanear Berlin . The jointly grouped sheep and fallow deer were counted and registered by the pasture activities in the winter
periods of １９９９ /２０００ ( I) and ２０００ /２００１ ( II) . There were approximately ０ ,５ large animal units , which corresponds to ２５０kilograms of animal living mass per hectare . From November till late February , the grazing activities of sheep and the fallowdeer were visually observed in a two‐weeks rhythm at intervals of five minutes over the day‐light periods of day . The statisticalassessment of the data material was aided by SPSS software which is based on the application of a ２‐factorial variance analysis( A × B‐n) . correlation coefficients ( Pearson) .
Results and discussion We found marked differences between sheep and fallow deer in different features . Sheep spend altogethermuch longer time for eating than fallow deer ( Table １) .
Table 1 Ethological analyses o f behav iour on w inter pasture ( I and I I ) .

Distinctive mark
X Species total ( n ＝ １０ )

Fallow deer Sheep
t‐Test

species and
year

Marginal
difference
correlation

Total ingesting time ( min 爛 d － １ ) ２１８ �.０ ３４５  .６ 倡 ３８ 灋.４ ５４ b.３
Mean grazing time ( min 爛 d － １ ) １７３ �.７ ２３３  .８ 倡 ６０ 灋.０ ８４ b.９
Mean f requency of grazing periods ( n 爛 d － １ ) ２ 剟.８ ３ 揶.２ 倡 ０ u.７８ １ 9.１０
Mean duration of hay intake ( min 爛 d － １ ) ４４ 槝.３ １１１  .８ 倡 ４３ 灋.６ ６１ b.７
Mean f requency of hay intake periods ( n 爛 d － １ ) １ 剟.７ ３ 揶.４ 倡 １ u.０１ １ 9.４３

Although the animals were jointly kept in a paddock , no common ingestion rhythm developed between fallow deer and sheep , w ith the
individuals of both species g razing mainly in their own groups . T he two groups of animals usually ate hay independently of one another . While
the one group was eating , the other one either rested / ruminated , or g razed . T here was only one instance w hen rivalry development over
fodder . In this case , the sheep group forced the fallow deer away f rom the hay racks . T he animals of the tw o groups of species ( race Skudden
by sheeps) under examination are well adapted to the prevailing climatic condition ( Fischer et al . ２００７ ) .
Conclusions The results obtained show that the animals maintained their species‐specific ingestive behaviour despite commonkeeping . As compared to fallow deer , the sheep spent markedly longer time with ingestive activities . There were only rareinstance of rivalry and conflict ( over grazing positions or hay‐feeding points) between the two species .
ReferenceFischer , A . , Schalitz , G . and Behling , C . , ２００７ : Breed specific classification potentials of sheep in different grasslandbiotopes . A rchiv T ierz ucht , ５０ , ２ , １７４‐１８５ .
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Effect of horse grazing under different stocking rates on the selection of feeding patches
G . Fleurance1 ,2 , B .Dumont2 , A . Farruggia2 , N . Edouard2 , and L . L anore2
1 Les H aras Nationaux , Direction des Connaissances , 19230 A rnac‐Pompadour , France .2 INRA , Unitéde Recherches sur les
Herbivores , Theix , 63122 Saint‐Gen s‐Champanelle , France .E‐mail : g f leuran＠ clermont .inra .f r

Key words : grazing , horse , stocking rate , spatial heterogeneity , patch choice
Introduction Stocking rate is a key management variable influencing the structure and composition of pastures . In turn , thespatial heterogeneity of grassland vegetation determines the abundance and quality of food resources for the animals . Whilehorses play an increasing role in the management of grasslands in Europe , our knowledge concerning their use of pastures underdifferent stocking rates is limited . Therefore , during two years we analysed the seasonal patterns of patch selection by horses grazed attwo stocking rates in a mesophile grassland of central France ( elev . ４３０ m) .
Materials and methods In the high stocking rate treatment , five adult saddle horses per plot were continuously grazed over thewhole grazing season , giving a stocking rate of １０００ kg / ha . Three horses grazed each plot in the low stocking rate treatment(６００ kg / ha) . Six ２ .７ ha experimental plots were created , so that each treatment could be replicated three times according to arandomised block‐design . Each year , ２４ h observations ( scans at ５‐min intervals) were conducted on three occasions betweenearly June and the end of September on three animals in each group . The proportion of the different bite types in the diet( Vegetative Short [ VS] : ≤ ４ cm , Vegetative Intermediate [ VI] : ５ to ８ cm , Vegetative Tall [ VT ] : ≥ ９ cm , Reproductive orDead grass [ R/D] ) and their selection ( proportion of a bite type in the diet relative to its proportion in the plot) were analysedin a model for repeated measurements including the main effects of stocking rate , block , year , season , and the interactionsbetween stocking rate and block , stocking rate and year , stocking rate and season , and year and season .
Results and discussion Horses spent a large part of their feeding time on tall vegetative patches ( Table １ ) . However , inagreement with the Forage Maturation Hypothesis ( Fryxell , １９９１) , they selected intermediate vegetative regrow th more thanthe shorter or taller patches ( p ＜ ０ .０１) . They also avoided tall , reproductive patches with these becoming more mature ( Table
１ ) . Although horse selection for short and intermediate patches was not significantly affected by season , the horses spent moretime feeding on short swards in summer and in autumn and increased their use of intermediate swards during the grazingseason . Selection for short and intermediate vegetative patches was also more pronounced in plots grazed at the low stockingrate . Horses thus exhibited a typical patch‐grazing pattern ( Adler et al . , ２００１ ) , continuously using previously grazed areas ofhigh nutritive value . As already observed in cattle grazing fertile , mesophile swards (Dumont et al . , ２００７ ) , this patch‐grazingpattern was more pronounced at the lower stocking rate , which is expected to reinforce the spatial heterogeneity of thepastures .
Table 1 Mean p roportion o f each bite ty pe included in the diet and Jacobs摧 selection index f or horses according to stocking
rate and season .

Stocking rate ( SR)
High Low s .e . P Season ( S )

June July Sept s .e . P SR × S
P

Proportion of bite type
VS ０ d.１４７ ０  .０７８ ０ 行.００２ 倡倡 ０ +.０１９a ０ 揶.１５９b ０ 敂.１５９b ０ _.０２４ 倡倡倡 ＜ ０  .１
VI ０ d.２９３ ０  .２１８ ０ 行.０１８ 倡 ０ +.１６９a ０ 揶.２５８b ０ 槝.３３８c ０ _.０２０ 倡倡倡 NS
VT ０ d.５００ ０  .６２１ ０ 行.０２３ 倡倡 ０ +.７３７a ０ 揶.４５３b ０ 敂.４９４b ０ _.０２９ 倡倡倡 NS
R/ D ０ d.０６０ ０  .０８３ ０ 行.０１２ NS ０ +.０７５a ０ 揶.１３０b ０ 槝.００９c ０ _.０１５ 倡倡倡 倡倡

Jacobs摧 selection index
VS － ０ ⅱ.０３ ＋ ０ X.２３ ０ 邋.０７ 倡 － ０ {.０５ ＋ ０ 1.２８ ＋ ０ 珑.０７ ０ t.１３ ＜ ０ g.１ NS
VI ＋ ０ ⅱ.２１ ＋ ０ X.４６ ０ 邋.０３ 倡倡倡 ＋ ０ {.３１ ＋ ０ 1.３６ ＋ ０ 珑.３５ ０ t.０６ NS ＜ ０  .１
VT － ０ ⅱ.０９ － ０ X.０７ ０ 邋.０４ NS － ０ h.０１a ＋ ０  .０３a － ０ 蜒.２５b ０ t.０９ 倡倡 NS
R/ D － ０ ⅱ.３６ － ０ X.５０ ０ 邋.１６ NS － ０ h.２６a － ０  .３８ab － ０ 蜒.６３b ０ t.１０ 倡 NS

Values within lines with different letters are different at P ＜ ０ .０５ ; 倡 ,P＜ ０ .０５ ; 倡倡 ,P＜ ０ .０１ ; 倡倡倡 ,P＜ ０ .００１ ; NS , not significant
For Jacobs摧 index , bold characters indicate bite types selected for ( ＞ ０) or avoided ( ＜ ０ ) ( Student摧s t‐test) .
ReferencesAdler , P .B . , Raff , D .A . , Lauenroth , W .K . , ( ２００１ ) . The effect of grazing on the spatial heterogeneity of vegetation .

Oecologia １２８ , ４６５‐４７９ .Dumont , B . , Rook , A .J . , Coran , C . , R迸ver , K .U . (２００７) . Effects of livestock breed and grazing intensity on biodiversityand production in grazing systems . ２ . Diet Selection . Grass and Forage Science , ６２ , １５９‐１７１ .Fryxell , J .M . , (１９９１) . Forage quality and aggregation by large herbivores . American Naturalist １３８ , ４７８‐４９８ .
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Palatable grasses have higher relative growth rate and competitive ability than unpalatable
grasses in the Patagonian steppe
Garcí a Martí nez , G . C .1 y Golluscio , R . A .1 ,2

1 Cátedra Forraj icultura , Facultad de A gronomí a , UBA , 2 CON ICET . E‐mail :Guillermocgm＠ yahoo .com .ar

Key words : grazing , desertification , arid steppe , palatability
Introduction In Patagonia ,sheep grazing triggered processes of desertification of different magnitude (León y Aguiar ,１９８５ ) .In the Patagonian shrub‐grass steppe , grazing caused substitution of palatable species by unpalatable ones . Coughenour (１９８５)proposed that there is an evolutionary convergence between those adaptations allowing plants to tolerate water and nutrientdeficits , and those conferring tolerance against herbivores . Plant populations evolved under severe resource limitations wouldhave low relative grow th rates and adaptations against both nutrient and water deficits and also against herbivory ( Chapin et
al . , １９９３) . The objective of this work was to evaluate the relative grow th rate ( RGR) , water consumption and competitiveability of two grass species of the Patagonia steppe with contrasting palatability .
Materials and methods We conducted an experiment under glasshouse conditions , with a factorial arrangement that includedthree factors : species ( Bromus p ictus , palatable ,vs . Stipa speciosa , unpalatable) , competition ( intraspecific vs . interspecific)and water availability ( constant field capacity vs . initial field capacity without any posterior watering ) . We harvested aerial
parts and measured soil water content at ８１ and １０２ days before emergence .
Results Palatable B . p ictus showed a greater RGR than unpalatable S . speciosa in the interval between the beginning of theexperiment and the first harvest (０‐１) and in the average of all the experiment (０‐２) while there were no significant differencebetween‐species differences in the interval between the first and the last harvest (１‐２ ) ( Figure １ ) . Accordingly , the palatablespecies had greater water consumption than the unpalatable one ( P ＜ ０ .０５ ) . Finally , the palatable species reached a greaternumber of tillers per plant when it grew under interspecific competition than when it did under intraspecific competition .Instead , S . S peciosa showed the opposite response ( Figure ２ ) . Similar responses to those described for the tillers per plantwere recorded in the number of total leaves , live leaves and aerial biomass per plant , supporting the hypothesis of a greatercompetitive ability of palatable B . Pictus over unpalatable S . speciosa .

Figure 1 Maximum relative grow th rate o f
each species .０‐１ :beginning to f irst harvest ;
１‐２ f irst to last harvest ; ０‐２ average o f the
whole ex periment . 倡 : signi f icant
di f f erences between species ( P ＜ ０ .０５ ) .

Figure 2 Number o f tillers in B . pictus (BP)
and S . Speciosa ( SS ) , grow ing under
interespeci f ic and intraespeci f ic competition
and in condition o f w atering and drought .倡 :
signi f icant di f f erences between competition
levels f or each species and w ater availability
level .

Conclusions Palatable B . p ictus had greater maximum relative grow th rate , water consumption and competitive ability thanunpalatable S . speciosa .
ReferencesCoughenour , M .B . ,(１９８５) . Graminoid responses to grazing by large herbivores . A nn . M iss . Bot . Gard ７２ , ８５２‐８６３ .Chapin , F .S . , Autumn K . , y Puignaire F . ,( １９９３ ) . Evolution of suites of traits in response to environmental stress . Am .

Nat . １４２ , ７８‐９２ .León ,R . ,y Aguiar ,M . ,(１９８５ ) . El deterioro por uso pasturil en estepas herbaceas patagonicas . Phytocoenologia １３ ,１８１‐
１９６ .
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The potential cost of discrimination in diet selection by grazing herbivores
Cécile Ginane1 , Bertrand Dumont1 , A nne Farruggia1 , L aurent L anore 1 and Pascal Carrère2

1 INRA UR1213 Unité de Recherches sur les Herbivores , F‐63122 Saint Genès Champanelle , France .2 INRA UR874 Unité de
Recherche sur l摧Ecosystème Prairial , 234 Av . du Brèzet , F‐63100 Clermont‐Ferrand , France .E‐mail :ginane＠ clermont .inra .f r
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Introduction While the general patterns of diet selection by grazing herbivores have been frequently discussed in the literature ,very little is known on the effect of the local abundance and assemblage of plant families on their subsequent defoliation by theanimals . In diverse pastures , where several plant species coexist on a small spatial scale , diet selection will partly depend on thediscrimination abilities of the animals . The ability of sheep to discriminate between ryegrass and white clover has beendemonstrated using an indoor test ( Edwards et al . , １９９７ ) . Here , we propose a sward‐based method to study the selection ofwhite clover by cattle and sheep in a pluri‐specific grassland , according to whether it can be easily distinguished within thesward or not . This leads us to discuss the potential cost of discrimination processes in the diet selection of grazing herbivores .
Materials and methods This experiment was conducted in ２００６ , on six plots grazed since ２００５ at the same low stocking rate byeither sheep (５ ewes on １１００ m２ ) or cattle (２ heifers on ２２００ m２ ) in a rotational grazing system , with five rotations per year( April , May , July , Sept . and Nov .) . Plant community of the experimental plots was moderately diversified ( １５‐２０ plantspecies per plot) and white clover represented ６％ of the vegetation on a volume‐basis when measurements began .We indirectlyestimated the selection of clover by using ２０ fixed grids distributed over the six plots using a stratified sampling based on cloverabundance ( high : ４０％ vs . low : ＜ ２０％ ) and local assemblage ( mainly grasses ＋ clover vs . forbs ＋ grasses ＋ clover) . The grids(６０ x ８０ cm) were composed of ４８ square units (１０ x １０ cm) within which we recorded before and after each of the last fourgrazing rotations , the abundance of clover as the proportion of covered surface , using a visual note ranging from ０ to ６ . Cloverabundance at the grid scale was analysed by using the mixed procedure of SAS and a model accounting for the effects of initialabundance , assemblage , herbivore species and rotation number as the repeated factor .
Results and discussion This sward‐based method confirms that both sheep and cattle actively select clover in diverse pastures .Sheep exerted a stronger selection pressure on clover than did cattle ( p ＝ ０ .０２ ) as shown by an average of ５０％ lower
proportion of clover in grids grazed by sheep over the grazing season . This is consistent with the selection of higher qualityfoods by the small ruminants and their greater ability to graze selectively . In May , consumption of clover was greater in gridswhere it was initially abundant ( p ＝ ０ .０３ ) , w ith smaller differences after July between grids with initially high or low cloverabundance ( Figure １a ) . The local assemblage also affected the evolution of clover in grids . Clover depletion tended to be
greater when associated mainly with grasses than when associated with both forbs and grasses ( p ＝ ０ .０９) ( Figure １b) .

Figure 1 Evolution o f clover p roportion through graz ing rotations (be f ore and af ter each one) according to ( a) its initial
abundance and (b) local assemblage .

This result observed in both sheep and cattle ( herbivore species x assemblage : p ＝ ０ .７) may partly result from the difficulty ofgrazing herbivores to discriminate between clover and forbs when closely mixed due to more similar morphological traitscompared with grasses .
These results suggest that the selection pressure on white clover would be greater when it is more easily distinguished into thesward , whether due to higher local abundance or to less similarity with associated plant types , based on either morphological ornutritional traits .
ReferenceEdwards , G .R . , Newman , J .A . , Parsons , A .J . , Krebs , J .R . , ( １９９７ ) . Use of cues by grazing animals to locate foodpatches : an example with sheep . Appl . Anim . Behav . Sci . ５１ , ５９‐６８ .



瞯 ]452　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Growing grass for greener grazers :herbage management for improved N utilisation of grazing
cows
N .J . Hoekstra1 , R .P .O . Schulte1 , E .A . L antinga2 and P .C . Struik 2
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Key words : herbage quality , high‐sugar cultivar , Lolium perenne , N application rate , regrow th period
Introduction Grazing is accompanied by localised deposition of nitrogen ( N ) in urine and dung patches , which can contribute tolosses of N to water and air . The N utilisation of cows can be manipulated through diet composition . In Ireland , this dietconsists mainly of grazed grass . Therefore , the main way to manipulate the diet is through grassland management . Previousstudies have investigated the impact of single herbage management tools on herbage composition and sometimes cow Nefficiency . In this paper , we aim to identify grassland management systems to optimise the N efficiency of grazing bovines .
Materials and methods In order to study the direct impact of herbage management on bovine N efficiency we linked the CornellNet Carbohydrate and Protein System model to a herbage intake quality model ( Hoekstra et al . , submitted) . Plot experimentsprovided input data for the model ; field experiments at farmlet scale with contrasting herbage management regimes were used toevaluate the model . The herbage management tools evaluated were : fertiliser N application rate , length of the regrow th periodand diploid high sugar grass cultivar ( cv Aberdart ) . All calculations were performed for three seasons : early , mid and lateseason .

　 Figure 1 Modelled relation between the CP
concentration in the intake and a) M ilk‐N
and b) Urine‐N (g kg‐１ N‐Intake) during
early , mid and late season .

　 Figure 2 Modelled e f f ect o f N
ap p lication rate ( ◆ １４ ， ■ ３６

and ▲ ５６ kg N ha‐１ rotation‐１ )
and length o f regrow th
period on a ) the CP
concentration o f the intake ,
and b) the milk N e f f iciency
during late season .

Results and discussion Results from the modeland field experiments showed that the crudeprotein ( CP ) concentration of the herbageingested during grazing is the main factor forimproving bovine N efficiency , with theoptimum CP concentration lying between １３‐
１５％ DM ( Figure １ ) . At CP levels above
１５％ , the supply of N was in excess of theenergy supply and could not be utilised by theanimal , whereas at CP levels below １３％ , thesupply of N limits milk production , resultingin lower N use efficiency . Fertiliser Napplication rate in interaction with length ofthe regrow th period were shown to beeffective tools for manipulating the CPconcentration of herbage ingested duringgrazing ( Figure ２a ) , with rotation lengthhaving a more pronounced effect at highlevels of fertiliser N application . Themodelled efficiency of N utilisation for milkproduction as affected by N application rate(１４‐５６ kg N ha‐１ rotation‐１ ) and length ofregrow th period ( ３ to ７ weeks) ranged from
２３ to ３７％ during early and mid season and from ２１ to ２６％ during late season ( Figure ２b) .
The high‐sugar grass cultivar did significantly increase the water soluble carbohydrate(WSC ) concentration in the ingested herbage . However , this did not affect cow Nefficiency , as the increase in WSC was at the expense of neutral detergent fibre rather than CP ( data not shown) .
Conclusions The CP concentration of ingested herbage is the main factor for improving the N efficiency of grazing bovines andthis can be effectively manipulated through fertiliser N application rate in interaction with the length of the regrow th period .Diploid high‐sugar cultivars do not appear to be effective for improving the bovine N utilisation . It is recommended that themodel will be extended to include a herbage yield and an intake component . This will allow the model to be used to design herbagemanagement systems to optimise N utilisation on a yearly basis .
ReferenceHoekstra , N .J . , Lantinga , E .A . , Schulte , R .P .O . & Struik , P .C . ( submitted ) . Predicting the nitrogen utilisation ofgrazing dairy cows : model description and validation . A gricultural Systems .
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The effect of legumes on stability and quality of yield in long‐term grazing use
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Introduction The presence of any legumes in grassland communities appears to result in increased above ground biomass ( Spehn
et al . , ２００２ ) . Legumes usually produce a higher content of crude protein than grasses ( Halling et al . , ２００２) . The objective ofour experiment was to evaluate effect of legumes on stability and quality of yield over several years in different swards .
Materials and methods During １９９８ — ２００６ a randomized block design field trial was carried out on a loamy Endocalcari‐
Ep ihypogley ic Cambisol near Dotnuva , Lithuania (５５°２４′N , ２３°５０′E) . Soil pH varied from ６ .５ to ７ .０ , humus content was
２畅５‐３ .２％ , available P ５０‐８０ mg and K １００‐１５０ mg kg‐１ . The treatments involved different swards consisting of white clover( T ri f olium repens L .) , lucerne ( Medicago sativ a L .) , perennial ryegrass ( Lolium perenne L .) , meadow grass ( Poa
p ratensis L .) and Festulolium hybrid . The grazing season lasted from the beginning of May until middle of October with fourgrazing rotations . During ８ years of experimentation climatic conditions differed to a great extent : grazing periods ２０００ , ２００１ ,
２００４ and ２００５ were normal , １９９９ wet , ２００３ dry , and ２００２ and ２００６ very dry and warm .
Results and discussion The total annual dry matter ( DM ) yield was primarily affected by the climatic conditions and less bysward composition ( Table １ and Table ２ ) . The swards responded differently to seasonal conditions . The DM yield in ２００２ ,
２００３ and ２００６ was markedly lower than in all other years . Nevetherless swards consisting of legumes had higher yield thanpure grass swards without nitrogen fertilization . Only lucerne based swards had in all years ( excluding ２００２) a higher total andlegume yield . The yield of white clover in dry seasons declined more than that of lucerne and grasses or forbs . The effect oflegumes in different swards on crude protein content reflected their effect on DM yield ( Table ２ ) . Crude protein content in allswards met animal requirements .
Table 1 Total dry matter annual y ield o f di f f erent sw ards and its persistence over eight years o f use , t ha‐１ .
Swards １９９９ }２０００  ２００１ �２００２ H２００３ 後２００４ z２００５  ２００６ �Index１ )
１ ǐ.T . repens / L . perenne ６ 篌.１２ ５ 寣.４９ ５ %.０２ ２ 揪.５８ ２ W.６９ ５ 痧.２６ ４ 墘.７４ ２ ".７４ ０ 厖.６４
２ ǐ.T . repens / L . perenne / P . p ratensis ６ 篌.５６ ５ 寣.３６ ５ %.１６ ２ 揪.４７ ２ W.２０ ４ 痧.７３ ５ 墘.２５ ２ ".９３ ０ 厖.６８
３ ǐ.M . sativ a/ L . perenne / P . p ratensis ７ 篌.５５ ８ 寣.８７ ７ %.１９ ３ 揪.０４ ５ W.５９ ８ 痧.６３ ８ 墘.２４ ４ ".５２ ０ 厖.７８
４ ǐ.T . repens /M . sativ a/ L . perenne ６ 篌.９６ ８ 寣.１１ ６ %.５６ ３ 揪.０２ ４ W.７６ ７ 痧.０４ ７ 墘.０３ ４ ".７７ ０ 厖.７８
５ ǐ.L . perenne / N０ ３ 篌.２３ ４ 寣.４５ ４ %.７３ ３ 揪.１２ ２ W.３１ ４ 痧.３８ ５ 墘.２１ ３ ".１３ １ 厖.０９
６ ǐ.L . perenne / N２４０ ７ 篌.５４ ７ 寣.１０ ４ %.５１ ３ 揪.０４ ４ W.２０ ７ 痧.７２ ５ 墘.７０ ４ ".２６ ０ 厖.６８
７ ǐ.T . repens / Festulolium hybrid ６ 篌.７４ ６ 寣.２１ ５ %.３６ ２ 揪.６０ ２ W.５３ ４ 痧.９７ ４ 墘.７６ ２ ".９４ ０ 厖.５９
LSD０ M.０５ ０ 苘.５１１ ０ u.４２１ ０  .３９８ ０ Ё.６１５ ０ @.３６６ ０ 儋.４９７ ０ r.４６６ ０  .５９１
１) Sward persistence index — last ２ years yield ratio to first ２ years , LSD — least significant difference ( p ＜ ０ .０５)
Table 2 Legume annual y ield and crude p rotein content in total y ield o f di f f erent sw ards .
Swards Dry matter t ha － １ Crude protein g DM kg‐１

１９９９ 潩２０００ 揶２００１  ２００２ a２００３ ⅱ２００５ 滗２００６ %１９９９ f２０００ è２００１ 殚２００２ *２００３ l２００５ �２００６ F
１  . ２  .９９ ０ T.８４ １ 枛.７６ ０ 鬃.５７ ０  .１９ ２ Z.５０ ０ 洓.２３ １８６ O１５６ 憫２０２ 乙１６７  １８１ U２３６ 枛１９２ /
２  . ３  .４８ １ T.１０ ２ 枛.１３ ０ 鬃.７４ ０  .１９ ２ Z.５８ ０ 洓.２０ １９３ O１５６ 憫２０３ 乙１７３  １７５ U２２０ 枛２０８ /
３  . ５  .２５ ５ T.９２ ４ 枛.６９ １ 鬃.５８ ４  .０４ ５ Z.４２ ２ 洓.９７ ２２６ O２１３ 憫２１３ 乙１７０  ２１５ U２２４ 枛１９９ /
４  . ４  .０４ ２ T.７１ ３ 枛.５８ １ 鬃.６３ ３  .０４ ３ Z.７４ ２ 洓.９１ ２０６ O１８３ 憫２１６ 乙１８９  ２１７ U２２７ 枛２０２ /
５  . － － － － － － － １２４ O１４４ 憫１９１ 乙１４５  １５４ U２２２ 枛２０１ /
６  . － － － － － － － １８７ O１５８ 憫２１６ 乙１９６  ２４７ U２３５ 枛２３０ /
７  . ２  .４０ １ T.０８ １ 枛.８７ ０ 鬃.５０ ０  .１７ ２ Z.１８ ０ 洓.１４ １８２ O１４０ 憫１９９ 乙１５５  １９６ U２１５ 枛１９６ /

LSD０ M.０５ ０ �.２１４ ０ =.１３５ ０ �.１９３ ０ 览.１６３ ０  .１９０ ０ C.２４４ ０ 剟.２８６
Conclusions Lucerne based swards had a higher total and legume yield and showed a positive effect on stability of grazing swardsover eight years . The grassland consisting of legumes can be productive and protein rich without mineral N and reduce externalinputs .
ReferencesHalling , M . ,Hopkins , A . , Nissinen , O . , Paul C . , Tuori , M . , Soelter , U . , ( ２００２ ) . Forage legumes — productivity andcomposition . L andbau f orschung V迸lkenrode ２３４ , ５‐１５ .Spehn , E .M . , et al . , ( ２００２ ) . The role of legumes as a component of biodiversity in a cross‐European study of grasslandbiomass nitrogen . Oikos , ９８ , ２０５‐２１８ .
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Effect of chicory and plantain on cadmium levels in lambs
L .T . Parker , P . D . Kemp , P . Loganathan , D .M . West , C .W .N . A nderson , P .R . Kenyon , S .T . Morris
Massey University , Palmerston North , New Zealand E‐mail : P .Kemp＠ massey .ac .nz

Key words : Cichorium intybus , Plantago lanceolata

Introduction Cadmium (Cd) is a widespread contaminant of soils in New Zealand due to historical use of phosphate fertilisersmanufactured from rock phosphate with high levels of Cd ( Loganathan et al . ２００３) . Herb forage species are increasingly usedin pastures for their high nutritive value , but they are also known to accumulate high concentrations of micronutrients and ,therefore , could potentially accumulate Cd . Our objective was to examine the Cd concentration in the herbage intake and liver oflambs grazing pastures incorporating chicory ( Cichorium intybus ) and plantain ( Plantago lanceolata) .
Materials and methods The experiment was at Palmerston North , New Zealand on a Tokomaru silt loam soil with a long historyof annual superphosphate applications . The three pasture treatments were : herb ( chicory �Choice�, plantain �Ceres Tonic�,red clover �Sensation�, white clover �Tribute�) ; pasture ＋ plantain ( tetraploid perennial ryegrass �Stirling�( AR１ ) , whiteclover �T ribute�, plantain �Ceres Tonic�) ; and pasture ( tetraploid perennial ryegrass �Stirling�( AR１ ) , white clover�T ribute�) . There were three replicates with ２５ Romney ewe lambs ( ５ months old ) and １ .６ ha per replicate . Grazingmanagement provided ad lib intake by lambs . Hand plucked herbage samples replicating lamb intake were taken from cagesafter each grazing , and liver biopsy samples were taken from the same １０ lambs per replicate at the start , middle and end of theexperimental period ( see Table １) .
Results and discussion Cd concentrations of the plucked samples estimating herbage eaten were highest in the herb , intermediatein the pasture ＋ plantain , and lowest in the pasture treatment ( P ＜ ０ .０５ , Table １ ) . This result shows the herb species have agreater uptake of Cd than ryegrass and white clover ( Lee et al . １９９６ ) . However , the Cd concentration in the liver was notdifferent between the treatments over the two months . The lambs on the herb treatment grew at １９２ ± ５ .０ g liveweight / daycompared with ９３ ± ４ .１ g liveweight / day on the other treatments inferring that their herbage and Cd intake was greater , butthe extra Cd was not retained in the liver . The reason for the apparent lack of coupling between Cd intake and retention in theliver requires further investigation , but is possibly due to antagonistic effects of other trace elements , particularly zinc .
Table 1 Cadmium concentration (elg Cd / g DM ) in herbage and lamb liver .
Sample Type Sample Date Herb Pasture ＋ plantain Pasture
Herbage ２２nd Feb ３６１

a
２９８

a
２２４

a

１st Mar ５０６ ± １４０ $.１ ２７５ ± １０８  .４ １１０ ± １８ 父.８
１５th Mar ５５７ ± ２０ 鲻.０ ２９５ ± ６１ 鬃.４ １２１ ± １３ 父.２
２９th Mar ６５７ ± ７６ 鲻.９ ３３２ ± ３５ 鬃.９ １４８ ± ３１ 父.７
１２th Apr ７５４ ± １２１ $.９ ５８３ ± ４７ 鬃.１ １８０ ± ５１ 父.３

Liver ２２nd Feb １３７ ± ２６ 鲻.９ １４５ ± ４１ 鬃.８ １５４ ± １９ 父.５
１３th Mar １４１ ± １７ 鲻.２ ２９６ ± ４０ 鬃.４ ２２７ ± ２６ 父.８
１９th April ２４２ ± ５１ 鲻.７ ２８０ ± ５６ 鬃.８ ２９０ ± ４９ 父.２

a no replicates for first sample date
Conclusions Cadmium concentration was elevated in the pasture treatments incorporating chicory or plantain , but over twomonths the cadmium concentrations in the liver of lambs were not increased .
ReferencesLee , J . ; Rounce , J .R . ; Mackay , A .D . ; Grace , N .D .(１９９６) . Accumulation of cadmium with time in Romney sheep grazingryegrass‐white clover pasture : effect of cadmium from pasture and soil intake . A ustralian Journal o f A gricultural Research

４７ : ８７７‐８９４ .Loganathan P , Hedley MJ , Grace ND , Lee J , Cronin SJ , Bolan NS , Zanders JM ( ２００３ ) . Fertiliser contaminants in NewZealand pasture with special reference to cadmium and fluorine‐a review . A ustralian Journal o f Soil Research ４１ : ５０１‐５３２ .
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Effect of four fertiliser regimes on the persistence of perennial native grasses
M J Keys & B W Clements , NSW Dep t o f Primary Industries , Queanbeyan & Bathurst , A ustralia .
Postal address : PO Box 408 , Queanbeyan , NSW 2620 A ustralia . E‐mail :mike .keys＠ dp i .nsw .gov .au
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Introduction It is of ten said that too much fertiliser will cause native grasses to die out but is it the fertiliser that causes suchlosses ? Perennial native grass pastures will generally respond to fertiliser , provided they contain a responsive legume . This is
particularly true of those with a significant component of wallaby grass ( A ustrodanthonia spp ) , microlaena ( Microlaena
stipoides) or redgrass ( Bothriochloa macra ) . Garden et al . ( ２００１ ) , using wether sheep , suggests annual grasses reducewallaby grass when higher rates of fertiliser are used . This paper provides data on the persistence of several native grassesfollowing １２ years of fertiliser application at several different rates with a different livestock enterprise .
Materials and methods The work was carried out on a ６６ ha site in the central tablelands of NSW ( altitude ９００m and meanannual rainfall ７９５mm) from １９９５ to ２００６ . The soils are shallow , acidic ( pH Ca ４ .２ ) and shale derived . Soil phosphorus andsulphur levels were initially very low . The pastures are dominated by wallaby grass , with microlaena , wheat grass ( Elymus
scaber ) , some perennial ryegrass , subterranean clover , V ulp ia spp and sof t brome ( Bromus mollis ) . The paddocks were setstocked to enable economic data to be collected from the spring lambing , ２nd cross , prime lamb enterprise . Stocking rates wereraised on all annually fertilised paddocks to utilise the extra feed grown , yet maintain high lamb grow th rates .
The�control" paddock received １２５ kg / ha single superphosphate ( ８ .６％ P & １１％ S ) every third year in line with common
practice and carried ５ ewes/ ha . Two other paddocks received high fertiliser inputs of either water‐soluble , singlesuperphosphate ( SSP) or reactive phosphate rock ( RPR)‐４２０ kg / ha SSP or ３００ kg / ha RPR & gypsum , which provided equalamounts of S & P in １９９５ and ２５０ kg / ha/ year SSP or RPR/ sulphur blend in １９９６ and １９９７ . For the last nine years , １８０ kg /ha of the relevant products ( based on ２ kg P/ ewe carried) was applied . Two other paddocks received either １４０ kg / ha SSP or
１００ kg / ha RPR annually and one other paddock only received this rate of RPR only for the first three years . This paddock hasbeen�cell grazed" with no fertiliser for the last １０ years .
Before the trial commenced , permanent transect lines were established in each paddock to monitor species presence and
persistence at ten １m２ fixed quadrats using a １０ cm square mesh grid ( １０００ points / paddock) . This has been repeated annually .In addition , pasture composition is recorded every spring and autumn using the�end‐point stick" method .
Results and discussion Species composition changed with the seasons and climatic conditions and end point data showed legumesin spring increased from ５％ in １９９５ to ２５％ with all high fertiliser rates , while the １ year in ３ and cell grazed paddocks onlyrose to １３％ legume . Annual grasses in spring remained relatively stable at １０％ vulpia was more prevalent in the １ year in ３and cell grazed paddocks , whereas sof t brome dominated in the high and annual input paddocks .
The％ basal presence data in Table １ shows sown perennials and microlaena generally declined in all paddocks due to very dryconditions in ２００６ . Wallaby grass increased in all paddocks except the annual input ones where a sheep camp effects and excesscompetition from ryegrass adversely affected the persistence . Total native perennial counts rose ６５％ in the high input paddocksbut only ２３％ and １３％ respectively in the １ in ３ and Cell paddocks
Table 1 Perennial G rass Persistence ( ％ basal p resence) over １２ years — Comparison o f Four Fertiliser Regimes .
Fertiliser Regime High Input Annual Input １ in ３ Input Cell ( nil for １０ yrs)
Species / Year １９９５ i２００６  １９９５ 照２００６ 寣１９９５ B２００６ �１９９５ �２００６ d
Austrodanthonia ３２１ ;６２０ 耨４８６ Ё４７０ ^４２７  ５０８ 适３１８ �４１０ 6
Microlaena ７５  ２２ 妹２ K２  １１ 骀２３ 湝１４８ �１３３ 6
Elymus １０  ５ 晻１５ y４  ３ 父１２ 湝１８ R６ 谮
Sown/Naturalised １１８ ;５４ 妹８０ y５５ 0１３０  ３９ 湝２５ R１８  

Conclusions These results show that wallaby grass responds positively to fertilisen whichis not detrimental euen at higt rates ,
provided an appropriabe enterprise and graxing srrategy B used to controb and utrlise the grow th of annuals .
ReferencesLangford et al (２００４) . Managing native pastures for agriculture and conservation . NSW DPI ISBN : ０ ７３４７ １６２０ ６ .Garden , D . et al ( ２００１) . Influence of soils and management on composition of native pastures . Aust J Ag Res ５２ , ９２５‐３６



瞯 ]456　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Influence of dietary forages on the fatty acid profile of rumen digesta , milk and meat
Louren毕o M . , V laeminck B . , De Smet S . and Fievez V
L aboratory f or A nimal Production and A nimal Product Quality , Ghent University , Proe f hoevestraat 10 , 9090 Melle ,
Belgium . Corresponding author摧s E‐mail : marta .lourenco＠ ugent .be
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Introduction Forage feeding increases the n‐３ polyunsaturated fatty acid ( PUFA) content in milk and meat . In particular , cloverand botanically diverse forages have the potential to improve the milk and intramuscular ( IM ) fatty acid ( FA) profile in termsof human nutritional recommendations ( Louren毕o et al . , ２００７) . Here , we intend to integrate literature results on milk and IMFA of dairy cows or lambs fed leguminuous rich or botanically diverse forages as compared to forage products from moreintensively managed grasslands . Information on rumen FA is used to suggest potential explanations for differences in FA endproduct composition .
Materials and methods Milk FA results ( proportion of milk total FA) were divided into three data sets : １) red clover ( RC) ( n
＝ ６) vs . ryegrass based diets ( n ＝ ６) ; ２ ) white clover (WC) ( n ＝ ７) vs .RC forages ( n ＝ ７) and ３) botanically diverse (BD) ( n
＝ ７) vs . grass based diets ( n ＝ ６) , which were compared statistically using a mixed model with study as a random effect andweighing of the variables by the number of observations in each study ( St‐Pierre , ２００１ ) . Studies on dietary forage type inrelation to rumen biohydrogenation ( ４ experiments) and intramuscular FA profile (６ experiments) were too few and diverse tointegrate in an overall statistical analysis and are summarised to give an overview of general trends . The reader is referred toLouren毕o et al . ( ２００７) for the complete reference list of the individual studies .
Results and discussion In general , RC forages resulted in lower C１８ .３ n‐３ apparent biohydrogenation ( Figure １ ) , whichwasreflected in higher milk C１８ :３ n‐３ proportions compared to ryegrass forages ( Table １) , despite the similar C１８ :３ n‐３ intake .Nevertheless , long chain PUFA in IM fat remained similar in ruminants fed RC and ryegrass diets ( Figure ２ ) . Compared tograss based diets , feeding BD forages resulted in higher C１８ :３ n‐３ milk proportions ( Table １ ) and IM fat long chain PUFAproportions ( Figure ２ ) , although rumen C１８ :３ n‐３ apparent biohydrogenation did not differ ( data not shown) . Moreover ,higher rumen C１８ :１ t１１ proportions were found for ruminants fed BD forages (４ .５９ g /１００ g FA ) compared to ruminants fedgrass based forages (２ .７２ g /１００ g FA) . It is evident that feeding BD forages affects rumen FA metabolism , but changes couldnot always be associated with differences in the proximate chemical composition of the pastures or their PUFA content . Otherfactors might play a role , such as plant secondary metabolites , but only few for e .g . polyphenol oxidase in RC‐have beenstudied for their effect on rumen FA metabolism .
Table 1 C18 :3 n‐3 intake ( g / d) and milk C18 :3 n‐3 p roportions ( g /100 g total milk FA ) in the milk o f dairy cattle f ed
either botanically diverse f orage based diets , intensive ryegrass , red or white clover p roducts ( 报P＜ 0 .1 ;倡 P＜ 0 .05 ) .

Ryegrass RC WC RC Grass based BD
Intake C 18 :3 n‐3 摀92 �.1 115 B.6 136 è171报 147 s116 刎
Milk C 18 :3 n‐3 X0 憫.555 1 鲻.05 倡 0 \.956 0 亮.893 0 '.788 1 寣.06 倡

Figure 1 C18 :3 n‐3 ap p arent biohydrogenation ( g /
100g) f or ryegrass , RC and WC f orages ( adap ted
f rom Louren毕o et al . , 2007) 报 P ＜ 0 .1 ; 倡 P ＜ 0 .
05 .

Figure 2 Ratio o f the p roportions o f total
PUFA in the IM f at o f animals f ed RC to
ryegrass and f ed BD to grass based f orages
( adap ted f rom Louren毕o et al . , 2007) 倡 P ＜

0 .05 .

Conclusions Botanically diverse forages have the potential to change the PUFA content of ruminant products , which isassociated with changes in the rumen and animal endogenous FA metabolism . Plant secondary metabolites are hypothesized tocause the observed differences , but more research on this topic is needed .
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Fencing effects on biodiversity changes in desertified grassland in Hulunbeir ,China
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Introduction Hulunbeir grassland is the best grassland in China , but since the last ２０ years , the grassland desertified in a largearea . Fencing as a major grassland rehabilitation and reconstruction measures have been widely adopted in the world .
Materials and methods Located in Wangong Town , which belongs to Chenbaerhu Banner , Hulunbeir City of Inner Mongolia ,the experiment sites were selected .Samples were collected in desertified grasslands of fenced １ year , ４ years , ７ years ,１１ yearsand １７ years , respectively .Plant community and biodiversity were measured .
Results The coverage of vegetation , the height of herbaceous layer , and the density and biomass ( including abovegroundbiomass and belowground biomass in the depth of ３０cm) , showed a significant lineear regression ( Table １ ) . Species richnessand species diversity is improved drastically , the species richness index is fit with the dualistic function( r ＝ ０ .９９１９ ,p ＜ ０ .０１ )( Figure １) .
Table 1 Regression relationships between community structure and f encing time .
Items Regression models R２ 6R P
Coverage ( YC ) YC ＝ ０ 烫亮畅００１５X３

‐０ [畅１０３４X２
＋ ２ R畅９６２２X ＋ ４ A畅３１８２ ０ 貂畅７６９７ ０   畅８７７３ ＜ ０ yn畅０１

Height ( YH ) YH ＝ ８ 鬃烫畅１８７１ Ln (X) ＋ １５ 铑畅６２１ ０ 貂畅９６２６ ０   畅９８１１ ＜ ０ yn畅０１

Density ( YD ) YD ＝ １８ �蝌畅５３４ e０  畅８３７X
０ 貂畅９３９２ ０   畅９６９１ ＜ ０ yn畅０１

Biomass ( YB ) YB ＝ ２９ �铑畅２１７X３
‐２８４ 抖畅３７X２

＋ ８３０ �畅２１X‐５３９  畅４１ ０ 貂畅９７５１ ０   畅９８７５ ＜ ０ yn畅０１

Root weight ( YR ) YR ＝ １３ �蝌畅９２５X３
‐１６３ 汉畅０５X２

＋ ６１７ 北畅９３X‐４３１ $畅６４ ０ 貂畅９９０４ ０   畅９５１ ＜ ０ yn畅０１

Figure 1 Changes o f richness , dominance , biodiversity and evenness o f community species in di f f erent years a f ter enclosing .

Conclusions Fencing changed the desertified grassland community composition .The species richness increased continually , thestructure of community improved . Species biodiversity and community evenness has been escalated .
ReferencesMiddleton N J , Thomas D S G . (１９９８) .World Atlas of Desertification . ２nd edition .London : Edward Amold , :５‐１２ .Meissner R A , Facelli J M . ( １９９９ ) . Effects of sheep exclusion on the soil seed bank and annual vegetation in chenopodsshrubland of south Australia . Journal o f A rid Env ironments , ４２ :１１７‐１２８ .
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Evaluation of a beef cattle finishing simulation model for intake and live weight gain prediction
under different herbage and maize grain allowances
C .F . Machado ; S . T . Morris ; J . Hodgson ; H . Berger
Faculty o f Veterinary Sciences . Tandil‐A rgentina (UNCPBA ) , Massey University , NZ .
E‐mail :cmachado＠ vet .unicen .edu .ar
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Introduction Most animal grazing models require in advance measures or estimates of animal intake and feed quality to predictanimal performance . An intake model linked to an animal performance model are the key components for whole‐farmsimulation . Model evaluation is not a straightforward issue as individual herbage and maize grain intake are not always readilyavailable . The objective of this study was to develop and to evaluate a beef cattle finishing model for predicting herbage intakeand animal performance under different herbage and maize grain allowances .
Material and methods Intake and diet selection in the model are functions of grazing management , sward and animalcharacteristics and are represented formally by a Potential intake ( IP ) , an intake associated to rumen fill capacity ( IF ) thatincorporates DM digestibility ( D) of the herbage and D and amount of supplement . Finally factor ( O‐１ , fHA ) linked to leafallowance ( kg DM /１００ kg LW) and leaf mass ( kg DM / ha) . Herbage intake ( IH ) is estimated as IH ＝ { Min( IP , IF ) fHA } . Whenmaize grain is fed , IH is corrected for substitution rate ( SR) . The SR is estimated in a two‐step procedure from unsupplementedintake . Live weight gains and the updated animal liveweights are estimated daily i .e . simulated animals gain or loose weight ,depending on their nutritional balance associated with animal characteristics and the corresponding individual ME and CP eatendaily ( Freer et al . １９９７ ) . The model was evaluated ( Mayer & Butler １９９３ ) against experimental data shown in Table １( Machado ２００４ ) obtained from a combination of herbage allowances ( ２ .５ to ７ .５ kg DM /１００ kg LW ) and maize grainallowances ( from ０ to １ .２ kg DM /１００ kg LW) where intakes was estimated from a combination a n‐alkane and １３C markers .

　 Figure 1 Regressions o f observed data on
p redicted (model ) results f or a) LWG and
b) Herbage intake .

Table 1 Experimental data f or model evaluation .
Exp .１ ЁExp .２ ^

Animal class heifers steers
Duration ( d) ４９  ５７ 侣
Treatments ( replicated) ４ 葺６ 敂
Pre‐grazing leaf mass ( kg DM / ha) ２４５２ g６８２ 痧
Pre‐grazing sheath & stem mass ( kg DM / ha) １８６６ g１０１１  
Pre‐grazing dead mass ( kg DM / ha) １０１３ g６５８ 痧

Results Figure １ shows the fitted regressions without an intercept ( interceptswere not significantly ( P ＞ ０畅０５ ) different from zero ) , where a significant( P ＜ ０畅０５ ) agreement was obtained between modelled and observedexperimental values for LWG ( slope ０畅９８ ± ０畅０８ , R２
０畅９３ ） and herbageintake ( slope ０畅９３ ± ０畅０４ , R２

０畅９８） ．

Conclusions The model in its present state of development can reproduceexperimental information under a wide range of grazing conditions ( includingmaize grain supplementation) with acceptable accuracy and without bias .
ReferencesFreer M . ; Moore A . D . ; Donnely J . R . ( １９９７ ) : GRAZPLAN : DecisionSupport System for Australian grazing enterprises‐II . The animal biologymodel for feed intake , production and reproduction and the GrazFeedDSS . Agricultural Systems ５４ :７７‐１２６ .Machado C . F . , Morris ST , Hodgson J , Berger H , Auza N . ( ２００６ ) . Effect of maize grain and herbage allowance onestimated metabolizable energy intake and animal performance in beef cattle finishing systems . Grass and Forage Science ６１ ,
１‐１３ .Mayer D . G . ; Butler D . G . (１９９３ ) . Statistical validation . Ecological Modelling ６８ :２１‐３２ .
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Broad spectrum of plant species grazed and browsed by cattle in Bolivian subtropical mountain
forests
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Introduction In Southern Bolivia , Department of Tarija , the suptropical Boliviano‐Tucumano mountain forests are used aswinter grazing areas for cattle by local livestock keepers .When the dry season starts ( April/ May) , forage offer declines on thevillage‐near grassland areas where the cattle usually graze during the rainy season , and the cattle are moved to the mountainforests ( transhumance system) and stay there until the forage offer of the grasslands in the valleys increase again with the firstrainfalls and higher temperatures at the beginning of the rainy season ( Oct / Nov .) The subtropical forests provide forage evenin the critical dry period and are therefore the only possibility for local smallholders to maintain their herds throughout thewhole year . Little knowledge exists concerning the diet of the cattle in these mountain ecosystems . This study investigated
plant species selection by cattle during the entire period of cattle grazing and browsing in the Boliviano‐Tucumano mountainforests . The results can help to reconcile livestock management and nature reserve conservation .
Materials and methods The study was conducted in two mountain forest areas in the Reserv a Nacional de Flora y Fauna
Tariquí a , which are traditionally used for cattle grazing by local livestock herders during the dry and the prehumid season . Thenatural vegetation type of the region is Boliv iano‐Tucumano subandean semideciduous and seasonal evergreen vegetation( Navarro ２００４ ) , w ith the predominant tree species belonging to the Myrtaceae family . Plant cover and composition wasassessed at the beginning of the dry season ( bd) , at the end of the dry season ( ed) and in the prehumid season ( ph) applying a
point‐line method . Plant selection was determined by direct observations and bite counts . Data collection was realised once amonth during May to November in both study sites , by following randomly selected adult female Criollo cattle during ４ to ５consecutive days during daylight hours . The number of bites per plant species was recorded every ６ minutes during a １‐minute
period of actual observation . Based on that , the frequency of selection of all plant species occurring in the area was analysed ,and — relating these data to the occurrence frequency of the plant species — a preference ranking of the plant species wasperformed .
Results The results of the plant cover assessment , with ４５３ different plant species registered , document the floristic diversity ofthe study sites within the Boliviano‐Tucumano mountain forests . A total of ３７０ different plant species were grazed and browsedby the cattle in both areas , which means that more than ８０％ of the plant species occurring in the area were grazed or browsedby the animals during the dry and prehumid period . Despite this broad spectrum of plant species consumed by the cattle , certainspecies were especially preferred and made up the major part of the diet . The grass Ichnanthus c f . p allens contributed morethan ２０％ to the diet of the cattle , with decreasing importance towards the end of the observation period . While some plantspecies contributed to the diet during the whole observation period , the preference of other plant species differed betweenseasons . These seasonal selection patterns seemed to be associated with the phenological stage of the respective plant species ,as well as with their availability .
Conclusions The results confirm the importance of the subtropical Boliviano‐Tucumano mountain forests for local livestockfarming . The high plant species diversity found in this ecosystem is reflected in the high number of plants species selected bythe cattle . Nevertheless , it becomes apparent that specific plant species were highly preferred , and that their significancechanged during the grazing season due to climatic conditions and availability . A detailed evaluation of the forage plant species isneeded , especially concerning their nutritional value and their occurrence and spatial distribution . Furthermore , the ecologicalrole of the most preferred plant species and their reaction on the elevated grazing pressure should be further evaluated , as wellas their capacity of regeneration and reproduction . Both , local livestock herders and nature conservationists can profit from theresults of this study regarding preference for and pressure on the different plant species occurring in the Boliv iano‐Tucumano
subandean semideciduous and seasonal evergreen vegetation .
ReferenceNavarro , G . (２００４ ) . Provincia Biogeográfica Boliviano‐Tucumana . Chapter ８ . , p . ３５１‐４５１ . In : Navarro , G . , Maldonado ,M . Geogra f í a Ecológica de Boliv ia : Vegetacióny Ambientes Acuáticos . ２nd edition . Editorial :Centro de Ecología SimónI . Pati鼻o‐Departamento de Difusión . Talleres de Industrias Graficas SIRENA . Santa Cruz de la Sierra ,Bolivia . ７１９ p .



瞯 ]460　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Comparison of vegetation composition under different grazing intensities in Golestan National
Park and vicinities , Iran
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mail :mesdagh＠ yahoo .com
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Introduction A lack of understanding concerning rangeland carrying capacities in the Middle East is a major problem leading to
rangeland degradation . The primary objective of this research is to determine the effects of excluding sheep and gazelle on
vegetative canopy cover and species composition .
Materials and methods To compare vegetation composition with different levels of grazing we used three sites : １ ) livestockexclusion and limited gazelle grazing ( Mirzabylou plain) , ２ ) moderate sheep grazing ( Ghorkhoud Protected Area) , and ３ )heavy sheep grazing ( Spakhou village grazing unit ) . Random １‐m２ plots were established at systematic distances radiate fromwater points / villages . The number of plots varied from ３０ to５０ depending on the area of each site . Dry matter biomass within
each life form ( grass , forb , and shrub) and canopy cover by species were recorded .
Results The results showed that in Mirzabylou plain with ４４０ kg / ha dry matter , shrub and forb increased with distance from
water . Based on observations were made around water points , the gazelles usually preferred browsing shrubs . In the
Ghorkhoud protected area which is moderately grazed based on permits , we estimated ３２０ kg / ha dry matter . As we move from
uplands to low lands near main road , forbs decreased and shrubs increased . The forbs were present and grazing had a uniform
distribution . In the vicinity of Spakhou village , the above ground biomass is about １８８ kg / ha dry matter . The forbs and grasses
grazed to the surface , shrubs were abundant ( Figure １ and Table １) .

Figure 1 Biomass under four intensity o f graz ing intensities .

Table 1 Canopy cover o f di f f erent li f e f orms under f our
graz ing intensities .
Life
form

Canopy cover ( percent )
Mirzabailou Exclosure Ghorkhoud Spakhou

Shrub １５ �.０a ２０ 怂.０a １０ 憫.０ab １６ -.０b
Forb ４ 滗.７a ５ 贩.０a ７ 垐.８b ４  .０a
Grass １４ �.０a １４ 怂.５a ９ 垐.０b １  .５c

Based on our estimates , this range can carry ２２５ sheep and goats , but is
currently g razed ５３８０ AU . We estimate the carrying capacity of Ghorkhoud rangeland at ４５７ AU which is equivalent to the permits issued by
the National Range and Forest Organization . As far as the Mirzabylou range unit is protected from sheep and goat g razing and the numbers of
gazelles are １８４ w hich are below the carrying capacity and could be increased to ６５０ gazelles .
Conclusions In our study wild ungulates like gazelle appear to have little impact on vegetation , but large numbers of domestic
livestock have lead to overgrazed conditions .
References
Hayes , G .F . and Holl , K . D . ,(２００３) . Cattle grazing impacts on annual forbs and vegetation composition of mesic grasslands
in California , Conservation Biology , １７ : １６９７‐１７０２ .Holechek , J . L . , Pieper , R . D . and Herbel , C . H . (２００４) . Range management , Principles and practices . Fif th ed . PremticeHall , Engle wood Clip p , NJ . ６０７pp .Peco , B . , Pablos , I . D . , T raba , J . and Levassor , C . (２００５) . The effect of grazing abandonment on species composition andfunctional traits : the case of Dehesa grasslands , Basic and A p p lied Ecology , ６ : １７５‐１８３ .
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�Alpine meadows�of the Tibet Plateau are a synanthropic pseudoclimax
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Introduction�Alpine meadows�( Atlas of Tibet １９９０) extent over the humid south‐eastern half of the Tibetan Plateau coveringca . ４５０ ,０００ km with ２‐３ cm tall golf course‐like Cyperaceae mats . The turfs of the endemic Kobresia pygmaea protect theheadwaters of major Asian rivers against erosion , and are the most important rangelands for the Tibetan yak pastoralists . Theirdistribution ranges between ３８°N and ２８°N . They form the earth摧 highest plant communities (５９６０ m , Miehe １９８９) and occupysouth‐facing pastures down to relative ８００ m in the forest belt of the outer declivity of the Plateau . With respect to their largealtitudinal range of nearly ３０００ m and a latitudinal distribution of １４００ km the Kobresia pastures show a great uniformity instructure . They are widely believed to be natural ( e .g . Song et al . ２００４ ) despite the overall presence of livestock . Wechallenge this assumption .
Results and discussion The most elucidating feature is that the dominating species have their main above‐surface phytomassbeyond the grazing reach of large herbivores . The dominance of these small species is apparently grazing induced . Results from
grazing exclosures in the southern and north‐eastern highlands that we have maintained since １９９７ and ２００２ , respectivelyrevealed that taller grasses emerging from a bud bank overgrow the Cyperaceae mats once grazing ceases ( see Figure １) .

Figure 1 Changes o f grassland structure a f ter graz ing exclosure .

Experiments in the Haibei Alpine Meadow Research Station ( ３７°３７′N /１０１°１９′E , ３２００ m ) revealed that the relatively tall
Kobresia humilis‐Festuca‐grassland is replaced by Kobresia pygmaea and rosette plants under increased grazing pressure .Reverse trends are experienced here as well : Controlled low stocking rates resulted in the recovery of taller forage plants whilerosettes and cushions of grazing weeds disappear ( Zhou et al . , ２００５) . Palaeo‐ecological findings of identified charcoal ( Kaiseret al . ,２００７ ) and pollen‐analyses ( Herzschuh et al . ,２００６ ) support the conclusion that early pastoralists burned forests to getrangelands . It is , however , not clear whether forests were directly replaced by mats of Kobresia p ygmaea . First １４C datings of
Kobresia pygmaea‐bearing topsoils are available from ３１°２９′N /９２°００′E ( ca . ４５００ m) and ３０°０４′N /８６°５６′E ( ca . ５０５０ m) :Macroremains and pollen extracted from the turfs give evidence of a modern turf genesis . Bulk‐soil datings from the lowermost
part of the turfs have a Late Holocene age comprising the last c . ２０００ years . The turfs result from the transformation of pre‐existing topsoils comprising a secondary penetration and accumulation of roots ( Kaiser et al . ,２００８) .
Conclusions Palaeo‐ecological investigations , surveys of forest relics , preliminary results of grazing exclosures and thedominance of certain plant life forms support our view that the Kobresia pastures are a synanthropic pseudoclimax replacing tall
grassland and forests . The turf cover as well is grazing induced .
ReferencesAtlas of Tibet Plateau (１９９０) . Institute of Geography , Chinese A cademy o f Sciences . Beijing .Herzschuh et al . ( ２００６ ) . Temperature variability and vertical vegetation shif ts during the last ～ ５０ ,０００ yr in the QilianMountains . Quaternary Research ６６ , １３３‐１４６ .Kaiser et al . ( ２００７ ) . Holocene paleosols and colluvial sediments in Northeast Tibet ( Qinghai Province , China) : properties ,dating and paleoenvironmental implications . Catena ６９ , ９１‐１０２ .Kaiser et al . (２００８) . Turf‐bearing topsoils on the central Tibetan Plateau , China : pedology , botany , geochronology . Catena( in press) .Miehe (１９８９) . Vegetation patterns on M t . Everest as influenced by monsoon and f迸hn . Vegetatio ７９ , ２１‐３２ .Song et al . (２００４) . Distributions of dominant tree species on the Tibetan Plateau under current and future climate scenarios .

Mountain Research and Development ２４ , １６６‐１７３ .Zhou et al . (２００５) . Alpine grassland degradation and its control in the source region of the Yangtze and Yellow Rivers , China .
Grassland Science ５１ , １９１‐２０３ .
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Optimal sward height for production in twin and triplet ewes
S .T . Morris , P . R . Kenyon , R A . Corner
Institute o f Veterinary , A nimal and Biomedical Sciences , Massey University , Priv ate Bag 11‐222 , Palmerston North , New
Zealand . E‐mail :s .t .morris＠ massey .ac .nz
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Introduction Low birthweight lambs are associated with lower survival rates and lower weaning weights thereby limiting
potential returns to sheep farmers . The nutritional requirements for both singleton‐ and twin‐bearing ewes are well establishedand Morris et al . (２００４) identified ４ cm as the optimal sward height for single‐ and twin‐bearing / rearing ewes under continuousgrazing systems . However , the feeding requirements of triplet bearing / rearing ewes under pastoral grazing conditions have onlyrecently been researched in New Zealand .
Materials and methods In study one , ９６ tw in‐and ９０ triplet‐bearing Romney ewes were randomly assigned on day ６４ of
pregnancy ( P６４) to four replicated sward height treatments (２ , ４ , ６ and ８ cm sward height ) . At parturition ( L１ ) the eweswere reassigned to two (４ cm and ８ cm) replicated sward heights until weaning at L８７ . In study two , ８０ tw in‐and ５６ triplet‐bearing ewes were randomly assigned to two replicated sward heights (２ and ４ cm) from P７０ to P１０７ . At P１０７ the ewes werere randomised to the two swards heights until parturition generating four sward height treatments (２‐２ , ２‐４ , ４‐２ and ４‐４ cm) .After parturition ewes were offered ４ cm pastures .
Results Study one ewes grazing the ２ cm sward height during pregnancy were significantly ( P ＜ ０ .０１ ) lighter at P９９ and P１３２and at L１ than ewes grazing ４ , ６ or ８ cm swards . These ewes also had significantly lower dry matter intakes , condition scoresand ultrasonic backfat depths ( data not shown) . Lambs born to ewes grazing the ２ cm swards during pregnancy were alsolightest at birth ( P ＜ ０ .０１ ) but sward height during pregnancy or lactation had no effect on lamb weaning weight or lambsurvival to weaning . In study two lambs born to ewes grazing ２ cm during pregnancy were lighter at birth and weaning thanewes grazing ４ cm swards during pregnancy ( Table １ ) . Switching feeding level from ２ cm to ４ cm sward height at P１０７resulted in lamb birth and weaning weights similar to those lambs born to ewes grazing ４ cm swards throughout pregnancy .Sward height had no effect on ewe maternal behaviour score . Lambs born to ewes grazing ２ cm swards throughout pregnancyexhibited behaviours associated with a greater drive to maintain contact with their dam than lambs born to well‐fed ewes duringthe same period in both mid and late pregnancy . These types of behaviour have previously been associated with lower lambsurvival rates .
Table 1 E f f ect o f lamb birth rank and sward height o f f ered to ewes during p regnancy on lamb birth and weaning weight
(kg) ( ± SE) . Di f f ering superscrip ts are signi f icantly di f f erent ( P ＜ ０ .０５ ) .

Birth weight Weaning weight
Twin ４ 晻.５b ± ０ .１ ２５ x. ２b ± ０ .３
T riplet ３ 晻.８a ± ０ .１ ２１ x.７a ± ０ .１
Sward height
２ － ２ l３ 晻.９a ± ０ .１ ２２ x.２a ± ０ .５
２ － ４ l４ 晻.２ab ± ０ .１ ２３ x.５ab ± ０ .５
４ － ２ l４ 晻.０a ± ０ .１ ２３ x.４ab ± ０ .５
４ － ４ l４ 晻.４b ± ０ .１ ２４ x.７b ± ０ .５

Conclusions These results achieved on low land predominately ryegrass / white clover swards suggest that ewes rearing twins andtriplets should be grazed on pastures of ４ cm or better during pregnancy to achieve optimal birth weights , however there is nonutritional benefit in feeding above ４ cm in terms of lamb live weight . If feed is limiting ewes can be fed on ２ cm swards for thefirst two thirds of pregnancy provided ４ cm swards are available in last third of pregnancy .
ReferencesCorner , R .A . , Kenyon , P . R . Stafford , K . J . , West , D . M . , Lopez‐Villalobos , N . Morris , S .T . , Oliver , M .H . ,
(２００７) . The effect of nutrition from mid‐ to late‐pregnancy on the performance of twin‐ and triplet‐bearing ewes and theirlambs . A ustralian Journal o f Ex perimental A griculture ( in press) .Morris , S .T . , Kenyon , P .R . , (２００４) . The effect of litter size and sward height on ewe and lamb performance . New Zealand
Journal o f A gricultural Science ４７ :２７５‐２８６ .
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Impact of grazing intensity on feed intake , herbage mass , and animal productivity in the steppe
of Inner Mongolia , China
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Introduction In Inner Mongolia in the north‐east of China the grassland steppe is traditionally used for grazing . In the last threedecades overgrazing by sheep led to a sparely cover of vegetation in winter and enables soil erosion and hence degradation of the
grassland . The aim of this study , which is part of a Sino‐German DFG research project ,is to evaluate the effect of grazingintensity ( GI , sheep/ ha) on grassland and animal performance and to determine an optimal grazing intensity , which realizes ahigh animal and grassland performance in a sustainable way .
Materials and methods Grazing experiments were conducted from July to September in the Inner Mongolia steppe in ２００５ and
２００６ with six different stocking rates (１ .５ , ３ .０ , ４ .５ , ６ .０ , ７ .５ , and ９ .０ sheep/ ha) and two replications . Six sheep per plotwere given titanium dioxide ( TiO２ ) as marker in the first ten days of each month and faecal grab samples were obtained fromday ６ to １０ . Faeces were analysed for crude protein to estimate the organic matter digestibility ( dOM ) with a regressionequation (１) , and for TiO２ （２） to estimate the total faecal output and hence the organic matter intake ( OMI) . Af ter eachsampling period , daily live weight gain ( LWG) of all sheep was determined . Herbage mass ( HM ) was determined by cuttingthe sward at １ cm above ground level on three representative areas in each plot .
Results and discussion The HM decreased with increasing GI ( P ＝ ０ .０３３ ) as shown in Table １ . The dOM , OMI , and DOMIwere not different between the GI摧s . However , OMI and DOMI per ha increased with increasing GI ( P ＜ ０ .００１ ) . The LWGper sheep was not influenced by GI ( P ＝ ０ .１５５) . However , LWG per ha increased with increasing GI ( P ＝ ０ .０３９) .
The LWG per sheep was highest on the lowest GI摧s and tended to decrease with increasing GI , whereas LWG per ha washighest on the GI with ９ .０ sheep per ha . Accordingly , the highest OMI and DOMI per sheep were obtained on the lowest GI摧sand tended to decrease with increasing GI whereas the maximum OMI and DOMI per ha were found on the highest GI摧s . All
parameters were significantly influenced by year and period . The influence by year may due to the great variability inprecipitation between the years , which affects the herbage quality like dOM ( ５５ .３％ in ２００５ and ５８ .５％ in ２００６) , CP (９ .５％in ２００５ and １３ .８％ in ２００６) and NDF (７２ .１％ in ２００５ and ６７ .７％ in ２００６) .
Conclusions The results show the strong impact on GI on grassland productivity . On the short term , heavy grazing lead to highOMI , DOMI , and LWG per ha . However , on the long term negative effects of high GI摧s on the grassland productivity areexpected and , therefore , this study should be continued for further years to show the long term effect of GI and to determinethe optimum for a sustainable use .
Table 1 E f f ects o f graz ing intensity on herbage mass , digestibility o f organic matter , f eed intake , and live weight gain by
sheep and by ha .

Grazing Intensity Level of significance
１ 览.５ ３  .０ ４ }.５ ６ 苘.０ ７ :.５ ９ 櫃.０ SEM GI P GI x P Year

dOM ( ％ ) ５７ 栽.９ ５６ 3.９ ５６ 憫.９ ５６ 痧.４ ５６ O.４ ５５ �.９ ０ 沣.６３ ０ -.３６８ ＜ ０ 创.００１ ０ 觋.９８９ ＜ ０ 缮.００１
OMI ( g / sheep/ d) １２７１ &１２７１ 厖１２５８ 沣１１９１ B１０１７ 　１２１４ �６１ 5０ -.１５７ ０ 媼.００８ ０ 觋.１９０ ０ 牋.０３６
DOMI ( g / sheep/ d) ７３６  ７２７ p７１９ 舷６７６ .５７６ 寣６８２ 腚３７ 5０ -.１５３ ＜ ０ 创.００１ ０ 觋.４１０ ０ 牋.００８
LWG ( g / sheep/ day ) ９６ �１０４ p８３ 汉７２  ６７ x６９ 种９ 鼢.４ ０ -.１５５ ０ 媼.０４２ ０ 觋.０８７ ＜ ０ 缮.００１
HM ( kgDM / ha) １２３２a １００１ab ５２６ab ６０６ab ４２３ab ３７０b １４３ I０ -.０３５ ＜ ０ 创.００１ ０ 觋.０４５ ＜ ０ 缮.００１
IOM ha ( kg / ha) １ 洓.９１a ３ �.８１b ５ Y.６６c ７ 父.１５c ７  .５２c １０ 噰.８９d ０ 沣.３２ ＜ ０ V.００１ ０ 媼.００６ ０ 觋.４６８ ０ 牋.０３５
IDOMha ( kg / ha) １ 洓.１０a ２ 祆.１８ab ３ K.２３bc ４ 父.０６c ４  .２６cd ６ s.１１d ０ 沣.２１ ＜ ０ V.００１ ＜ ０ 创.００１ ０ 觋.４０１ ０ 牋.００７
LWG ( g / ha) １６４a ３１９ab ３７９ab ４３２ab ４９５ab ６２３b ６５  .５ ０ -.０３９ ＜ ０ 创.００１ ０ 觋.００３ ＜ ０ 缮.００１
abcd Means of grazing intensity with different superscript differ ( P ＜ ０ .０５)GI ＝ Grazing intensity ; P ＝ period ; GI x P ＝ interaction between grazing intensity and period
ReferencesWANG , C . (２００７) . PhD Thesis , University of Kiel , Germany .GLINDEMANN , T . (２００７) . PhD Thesis , University of Kiel , Germany .
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Plant root depth of tropical perennial grasses in a temperate environment
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Introduction The influence of perennial grasses on the soil water balance has been determined by measuring the pattern anddepth of soil drying achieved by plant roots ( Murphy and Lodge ２００６) . Pasture species having a greater plant root depth and anincreased ability to use available soil water may produce more herbage mass , and so increase livestock production . The North‐West Slopes region of New South Wales ( NSW) is classed as a temperate environment , but it has warm to hot summers and asummer dominant rainfall distribution . Summer active species , such as tropical perennial grasses , may be suited to thisenvironment to utilise available soil water during the summer season .
Materials and methods An experimental site was established on a red chromosol on the North‐West Slopes of NSW ( ３１°１６′S ,
１５０°５２′E , ４９０ m alt . , ６７１ mm AAR) to compare soil drying and plant root depth of some introduced and endemic perennial
grasses . Four treatments including three tropical species ( Digitaria eriantha cv .�Premier�; Chloris gayana cv .�Katambora�;
Bothriochloa bladii cv . �Swann�) and a mix of native species ( A ustrodanthonia bipartita cv . Bunderra ; B . macra ;
Dicanthium sericeum ; C . truncata) were randomly allocated to plots ( ６ x ９ m ) across three replicates . T reatments wereestablished in December ２００５ by seeding at a rate of ２ kg / ha of germinable seed into a prepared bed at a depth of １０ mm . Asingle aluminium access tube was installed in the centre of each plot to a maximum depth of １ .７ m and a calibrated neutronmoisture meter was used to measure volumetric soil water content ( m３ /m３ ) at ０ .２ m depth intervals . Soil water content wasmeasured through the growing season at ３‐week intervals from １ September ２００６ to ３１ May ２００７ . Maximum depth of dryingand subsequently plant root depth was interpreted as the depth where drying of ＞ ０ .０２ m３ /m３ was achieved ( Murphy andLodge ２００６ ) .
Results and discussion Soil water content at the start of the growing season was near to field capacity , with a mean value of ５５１mm ensuring a high amount of plant available water for each treatment . By May ２００７ , Katambora dried the soil to a depth of
１ .６ m ( Figure １) . Swann and Premier showed drying to lesser depths of １ .４ and １ .２ m , respectively ( Figure １ ) . Depth ofdrying under native grasses was considerably shallower at １ .０ m . These data indicated that plant root depth was at least １ .６ mfor Katambora , １ .４ m for Swann , １ .２ m for Premier and １ .０ m for native grasses .

Figure 1 Volumetric soil w ater content ( SWC ) at the start (１ Sep tember ２００６ , ● ） and end (３１ May
２００７ ,○ ） o f the g row ing season f or ( a) Katambora , ( b) P remier , ( c) Sw ann and ( d) native g rasses .

Conclusions In the temperate environment of the North‐West Slopes of NSW , three introduced tropical grasses extracted soilwater through the growing season to a greater depth than a mix of native perennial grasses . These preliminary results indicatethat the tropical species are potentially well suited to make use of available water in summer in this environment .
ReferenceMurphy , S .R . , Lodge , G .M . ( ２００６ ) . Root depth of sown and native perennial grass‐based pastures , North‐West SlopesNew South Wales . ２ . Estimates from changes in soil water content . A ust . J . Ex p . A gric . ４６ , ３４７‐３５９ .
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The productivity and hay requirements of beef cattle in a Year‐Round grazing system in North
Cameroon
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Objective This research was conducted to evaluate a replicated ( n ＝ ２ ) year‐round grazing system摧s hay needs and animalproduction compared with a replicated ( n ＝ ２ ) conventional ( minimal land) system over ３ years . Because extended grazingsystems have decreased hay needs for the beef herd , it was hypothesized that this year‐round system would decrease hay needswithout penalizing animal production .
Methods In the minimal land (ML) system , two replicated ８ .１‐ha smoothbrome grass‐orchard grass‐birds foot trefoil ( SB‐OG‐BFT ) pastures were rotationally stocked with six mature April‐calving cows and calves and harvested as hay for winter feedingin a drylot . After weaning , calves were finished on a high‐concentrate diet . Six mature April‐calving cows , six mature August‐calving cows , and their calves were used in the year‐round ( YR) grazing system . During the early and late summer , cattle
grazed two replicated ８ .１‐ha SB‐OG‐BFT pastures by rotational stocking . In mid‐summer and winter , April‐and August‐calving cows grazed two replicated ６ .１‐ha , endophyte‐free tall fescue‐red clover ( TF‐RC) and smooth bromegrass‐red clover( SB‐RC) pastures , respectively , by strip‐stocking . In late autumn , spring‐calving cows grazed ６ .１‐ha corn crop residue fieldsby strip‐stocking . Calves were fed hay with corn gluten feed or corn grain over winter and used as stocker cattle to graze SB‐OG‐BFT pastures with cows until early August the following summer . First‐harvest forage from the TF‐RC and SB‐RCpastures was harvested as hay .
Results Body condition scores of April‐calving cows did not differ between grazing systems , but were lower ( P ＜ or ＝ ０ .０３) thanthose of August‐calving cows from mid‐gestation through breeding . Preweaning calf BW gains were ４７ kg / ha of perennialpasture ( P ＜ ０ .０１ ) and ３２ kg / cow ( P ＝ ０ .０１ ) lower in the YR grazing system than in the ML system . Total BW gains ofpreweaning calf and grazing stocker cattle were １２ kg / ha of perennial pasture less ( P ＝ ０ .０７ ) , but ２７ kg /cow greater ( P ＝
０畅０２) in pastures in the YR grazing system than in the ML system . Amounts of hay fed to cows in the ML system were １ ,７０１kg DM /cow and ８９６ kg DM /cow‐stocker pair greater ( P ＜ ０ .０５) than in the YR grazing system .
Conclusions Extended grazing systems in the Midwest that include grazing of stocker cattle to utilize excess forage grow th willdecrease stored feed needs , while maintaining growing animal production per cow in April‐and August‐calving herds .
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Role of grazing cattle on seed dispersal of plants in a hill pasture 1 . Effect of sward structure on
grass seed ingestion by cattle
M . Obara , S . Ogura , T . Shishido and K . Sugaw ara
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Introduction Seed dispersal by defecation of grazing herbivores is one of the significant factors in vegetational change ( e .g . ,Janzen , １９８４ ; Archer and Pyke , １９９１ ) . It is well known that the seeds of certain plant species are ingested by grazingherbivores and disseminated through the digestive tract . Recent studies conducted in Japanese hill pastures have shown that
grazing cattle dispersed majority of seeds of monocotyledons such as Carex albata ( Watanabe et al . , ２０００ ; Obara et al . ,
２００５ ) . In this paper , we examined factors affecting seed ingestion by cattle using a sward‐based measurement to learn timing ofseed ingestion by cattle relative to seed maturity .
Materials and methods
Relationship between seed maturity and the timing of seed ingestion by cattle A hill pasture grazed by １０ beef cattle was used inour study . Fif ty seedheads of three grass species ( A nthoxanthum odoratum , Poa p ratensis and C . albata) were tagged duringlate spring and the frequency of defoliation by cattle were recorded at ２‐５ day intervals until late June . Seed germinability ( ３０days incubation in １５ ℃ /１２ hr light and ２５ ℃ /１２ hr light) of the ３ species was also investigated by sampling of ３０ seeds on eachday measurements were obtained .

　 　 Figure 1 Mean height o f leaves and seedheads in the 4
monocoty ledons . V alues w ith di f f erent letter in each
date rep resent signi f icant di f f erence ( Tukey摧s test , P ＜

0 .05) . n : not signi f icant . 倡 :n ＝ 1 , 倡倡 :n ＝ 2 (seedhead
data) .

Sward canopy structure of 4 monocotyledon species in their
reproductive stage Plots (２０ cm × ２０ cm each) were located invegetation patches where A . odoratum ,A grostis alba ,C .
albata and P . p ratensis were dominant in the pasture , on thefirst day of the study . Mean height of leaf mass andseedheads were measured at １０‐３７ day intervals during thegrazing season .
Results and discussion A . odoratum seeds were defoliated bycattle in mid‐to late May , whereas in June when the seedsmatured no seed consumption by cattle was observed . Incontrast , the seeds of P . p ratensis and C . albata were
grazed after seeds were mature .
Measurements in sward canopy structure showed that , whilethe height of seedheads in A . odoratum and A . alba wassignificantly higher than that of leaves , the height ofseedheads in C . albata and P . p ratensis was almost same asthat of leaves ( Figure １ ) . The results suggest that it isdifficult for grazing cattle to choose leaf mass over seedheadsfrom the sward canopy structure in which both leaves andseeds are contained within a same grazing horizon ,
particularly if the density of tillers having seedheads is high .
Conclusions Plant architecture with the height of seedheads equivalent to vegetative tillers is an effective strategy for C . albataand P . p ratensis to disperse the seeds via grazing animals , because the frequency of defoliation of matured seeds by animalsincreases .
ReferencesArcher , S . , Pyke , D .A . , ( １９９１ ) . Plant‐animal interactions affecting plant establishment and persistence on revegetatedrangeland . Journal o f Range Management , ４４ : ５５８‐５６５ .Janzen , D .H . , (１９８４ ) . Dispersal of small seeds by big herbivores : foliage is the fruit . American Naturalist , １２３ : ３３８‐３５３ .Obara , M . , Ogura , S . , Shishido , T . , Sugawara , K . , ( ２００５ ) . Seed dispersal by defecation of cattle rotationally grazed insown and native pastures . Jap anese Journal o f G rassland Science , ５２ : ６‐１６ . ( in Japanese with English abstract) .Watanabe , N . , Nishiwaki , A . , Sugawara , K . , ( ２００２ ) . Dissemination of Carex albata Boott seeds by grazing cattle .

Grassland Science , ４８ : １４２‐１４５ .
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Role of grazing cattle on seed dispersal of plants in a hill pasture 2 . effects of ruminal digestion
on seed germinability of five plant species
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Introduction Plant seeds , af ter ingested by grazing herbivores , are exposed to gastro‐intestinal digestion . While there have been
reports on the change of germination rate of plant seeds by passage in the alimentary tract ( e .g . , Ocumpaugh and Swakon ,
１９９３) , there is still scarce information on the effects of ruminal ( microbial ) and abomasum ( enzymatic ) digestion on seed
germinability of herbaceous plants . The aim of this study was to examine how the ruminal and abomasal digestion affect seed
germinability of ５ major plant species common to Japanese hill pastures .
Materials and methods A hundred mature seeds of Dacty lis glomerata , T ri f olium repens , Zoysia j aponica , A nthoxanthum
odoratum and Carex albata were exposed to a two‐stage in v itro digestion technique ( Tilley and Terry , １９６３ ) . To simulate
ruminal digestion ( step I) , the seeds were incubated with grass hay in dilute ruminal inoculum ( ２０％ of strained ruminal fluid
collected from a single dairy cattle fed grass silage and ８０％ of mineral buffer solution) under anaerobic condition for ２４ or ４８
hrs . To simulate post‐ruminal digestion ( step II ) seeds were incubated for ８ hrs in ０ .２％ Pepsin‐HCl solution . After these
treatments , germination rate of control and treated seeds were measured according to methods described in the previous study
( Obara et al . , ２００８ ) . Seed surface characteristics were observed by using a scanning electronic microscopy ( SEM ) .

　 　 Figure 1 Germination rate o f the seed f rom 5 p lant
species post in vitro ruminal ( step I ) and pepsin/ HCl
(step I I ) digestion .
Mean values w ith di f f erent letters di f f er ( P ＜ 0畅05 ,
Tukey摧s test) .

Results and discussion Germination rate of D . glomerata , Z .
j aponica , A . odoratum and T . repens significantly decreasedby the combination of step I and II , and ４８ hrs incubation at
step I ( P ＜ ０ .０５) ( Figure １) . In contrast , significantly greater
germination rates were observed for longer incubation times in
C . albata seeds . There may be some factors which promote
the germinability of C . albata seeds in the rumen and
abomasums , such as acidic and enzymatic seed sacrification .
From SEM we observed few ruminal bacteria attached to the
surface of C . albata seeds whereas attachments to the surface
of the other ４ plant seeds were numerous . This indicates that
seed surface of C . albata is resistant to microbial digestion
while post‐ruminal digestion may contribute to increasing
germinability .
Conclusions Our results indicate that ruminal and abomasal
retention promotes germinability of C . albata seeds . Seed
surface characteristics that inhibit microbial attachment in the
rumen probably have a important role promoting ruminant
dispersal of C . albata seeds via the gastro‐intestinal tract .

References
Role of grazing cattle on seed dispersal of plants in a hill pasture １ . Effect of sward structure on seed ingestion by cattle in ３
monocotyledons . Proc . IGC/ IRC Congress , H uhhot , China . ( in press)

Ocumpaugh , W .R . , Swakon , D .H .D . , １９９３ . Simulating grass seed passage through the digestive system of cattle : a
laboratory technique . Crop Science , ３３ : １０８４‐１０９０ .
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Combining biodiversity enhancement of temperate grassland with sustainable organic production
of traditional breed livestock
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Introduction Since ２００４ wildlife conservation initiatives have been combined with sustainable organic rare breed livestock andwoodland production on Mabley Farm , which occupies ８０ ha on the Woolhope Dome‐a Biodiversity Enhancement Area inHerefordshire near the England‐Wales border . Financial incentives come from the Higher Level Environmental Stewardshipscheme of the England Rural Development Programme . The climate is temperate oceanic . The soil is base‐rich brown earthderived from Silurian limestone , pH ５ .４‐６ .０ . The estate comprises parkland and wood‐pasture (２４ ha) , permanent grassland(１７ ha) , water‐meadow ( ６ ha) , semi‐natural coppice‐with‐standards woodland ( １７ ha) , coniferous plantation ( １３ ha ) andorchard (３ ha) . Management was designed to enhance biodiversity by grazing and mowing , recycling soil nutrients via urineand dung , and microhabitat creation by poaching . The livestock are Old English Longhorn cattle and Wiltshire Horn sheep .These are traditional breeds , which are well adapted to utilising species‐rich meadows , have higher infestation resistance andcold weather tolerance than modern breeds , and produce large carcasses of succulent meat . Stocking rates are lenient , at ０ .５cattle or ４ sheep per ha . Excess herbage is harvested as hay for winter feed and for sale . Pasture and woodland management areintegrated — the woodland supplying fencing for the fields as well as sustainable yields of timber , coppice materials , firewoodand charcoal for sale . Habitat diversity has been enhanced by pond restoration and hedgerow management . The Farm also actsas an �open‐air classroom" , hosting a programme of educational visits . The flowering plant flora and the invertebrate andvertebrate fauna of the grasslands have been continually monitored from ２００４ to ２００７ . Variations in species frequency havebeen noted with particular attention given to species of conservation importance .
Results ２６１ species of flowering plants ( excluding grasses and sedges ) were recorded late ２００７ . ４ species were new recordssince ２００４ , including the Red Data species Orchis morio . ４６ spp . showed substantial increases ( x２‐x３ ) in frequency , whilst afurther ６５ spp showed smaller increases . Individual fields showed between １ .２％ and ８ .３％ increases in species‐richness . Thegreatest increases ( x１０‐x１００ ) were shown by Cirsium acaulon , Lotus corniculatus , Mentha aquaticum , Plantago lanceolata ,
Prunella vulgaris , Succisa p ratensis and also by the pteridophyte Ophioglossum vulgatum . Substantial decreases ( ＞ ５０％ )were shown by ９ spp , and smaller decreases by １１ spp . ２５ taxa of the fungal genus H ygrocybe ( characteristic indicators ofunimproved species‐rich meadows) were recorded , including the rare species H . citrinov irens , H . intermedia , H . oliv aceous ,and H . punicea . Other taxa were : Lepidoptera ４３ spp . ; Aves ２２ spp . , including the rare species A thene noctua , Emberiz a
schoeniculus , Picus v iridis and Tyto alba ; Amphibia ５ spp . , including Titurus cristatus ;Mammalia １５ spp . , including ３ spp .Chiroptera . Livestock production was calf yields at close to １００ per １００ cows , and lamb yields at an average of １８０ per １００ewes . Hay was harvested at ca ４５００ kg / ha .
Conclusions The results show that significant biodiversity gains can accrue in just three years under this grazing and hay cuttingregime . Floristic species showing increased frequency are those known to benefit from lenient grazing or mowing ( Wells &Cox , １９９３) . Our observations contrast with the equivocal results of the EU Forbioden Project ( Scimone et al . , ２００７) , wherelenient grazing did not always produce gains in species richness . However , our faunal records are consistent with its findings(Wallis De Vries et al . , ２００７) . The records of H ygrocybe spp suggest that the site may be rated as of national importance ,using the mycological indicator scheme of Rald (１９８５) .
ReferencesRald , E . (１９８５) .Vokshatte som indikatorarter for mykologisk v 辈 rdifulde overdrevslokaliteter . Svampe １１ , １‐９ .Scimone , M . , Rook , A .J . , Garel , J .P . , Sahin , N . ( ２００７ ) . Effects of livestock breed and grazing intensity on grazingsystems : ３ . Effects on diversity of vegetation . Grass and Forage Science ６２ , １７２‐１８４ .Wallis De Vries , M .F . , Parkinson , A .E . , Dulphy , J .P . , Sayer , M . , Diana , E . ( ２００７ ) . Effects of livestock breed andgrazing intensity on biodiversity and production in grazing systems . ４ . Effects on animal diversity . Grass and Forage

Science ６２ , １８５‐１９７ .Wells , T .C .E . , Cox , R . (１９９３) . Long‐term effects of cutting on yield , floristic composition , and soil nutrient status of chalkgrassland . English Nature Research Report No . ７１ , ８２pp .
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Role of grazing cattle on seed dispersal of plants in a hill pasture 3 . seasonal variation of
locations of defecation by cattle and its effects on germination of seeds in dung pats .
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G raduate School o f A gricultural Science , Tohoku University , K aw atabi , Naruko‐onsen , Osaki , 989‐6711 Japan . E‐mail : s‐
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Introduction Plant propagule dispersal by grazing herbivores is dependent on animal movements and defecation patterns in thelandscape . Location of seed‐laden dung can affect seed germination and plant establishment due to heterogeneous environmentalconditions ( e .g . , solar radiation and moisture conditions ; Akber et al . １９９５ ) . In this study , we investigated the effects ofspatial and seasonal variation in a grazing pasture on seed germination rate and seedling survival of seeds embedded in dungpats .
Materials and methods
Seasonal variation of the location of defecation by grazing cattle Two experimental areas ( Area I and II , ２００ m × ４ m each) wereselected within a ３０ ha paddock where ６９‐１１５ cows with ３８‐４６ calves were rotationally grazed . Soil type is nonallophanic Andosoil , and vegetation in both areas was similar except Area II included ４２ .５％ in coverage of broad‐leaved forest . After thegrazing period in May , August and October in ２００５ , the degree of shading ( i .e . , lenient shading ( LS) ; shading proportion ofshading area by plants was ＜ ２５％ , medium shading ( MS ) ; ２５‐７５％ and heavy shading ( HS ) ; ＞ ７５％ and dominant plantspecies were recorded for all fresh dung pats in each area .
The effects of environmental condition of dung on seed germination rate and survival of the seedlings T ri f olium repens , Poa
p ratensis and Zoysia j aponica seeds were mixed with dung of a single dairy cow fed grass silage ( neither anti‐parasiticmedication nor ionophores were dosed) , respectively (１ ,５００ seeds/１ ,２００ g of fresh dung pats , n ＝ ３) . The dung pats ( φ ＝ ２０cm) were placed on a pasture , af ter cutting the sward to a height of ３ cm . Two treatments ; i .e . , sunshine ( SUN ,photosynthetic photon flux density ( PPFD ) ＝ ６６７ μ mol/ s 爛 m２ ) and shading ( SHA , PPFD was controlled to be same asunderstory of the forest ; １６ μ mol/ s 爛 m２ ) were established , and the number of germinating seeds and seedlings mortality wererecorded from ２１ June to ５ September , ２００５ , at a ７‐１０ days interval . The temperature and moisture condition in the dung weremonitored using WatchDogTM sensors and data loggers ( Model ４００ ; Spectrum Technologies , Inc .) .

　 　 Figure 1 Cumulative number o f seed germination ( ○ )
and death ( ▲ ) o f seedlings in SUN ( le f t) and SHA
(right) .

Results and discussion While most dung pats were located insunny place ( LS ; ６２‐９１％ ) , the proportion of HS increased inAugust ( １７％ ) compared to June ( ３％ ) and October ( ０％ ) .This was due that cattle rested and defecated in shaded areassuch as forested locations to avoid high daytime temperatures insummer ( Yasue et al . , ２０００ ) . Variation of temperature in thedung pats was drastic and maximum value exceeded to ４０ C inSUN in daytime ; whereas , variation was moderate in SHA .Moisture content in dung also drastically changed in SUN inassociation with precipitation , whereas that in SHA was almostsaturated over the experimental period . Seed germination ratewas greater for SUN than SHA in all plant species ( Figure １ ) ,however , most of the seedlings died during the experimentalperiod in both treatments . This was probably due to hightemperature in SUN and deficiency of solar radiation in SHA .
Conclusions Location of dung pats severely affects environmentalconditions in the dung and therefore plant propagule conditions .The results suggest that both sunny and shading places areinappropriate to establishment of seedlings of the herbaceousplants . More moderate shading created by tall grassessurrounding a dung patch may provide proper environmental condition for seedling establishment .
ReferencesAkber , G . , Call , C . A . , Wiedmeier , R .D . , ( １９９５ ) . Cattle dungpat microenvironmental effects on germination andestablishment of crested wheatgrass . A rid Soil Research and Rehabilitation , ９ : ４０９‐４２２ .Yasue , T . , Matsui , A . , Kondo , S . , Okubo , M . , Asahida , Y . , ( ２０００ ) . The characteristics of tree‐shade used by grazingcattle in a hilly pasture during summer season . Grassland Science , ４５ : ３３５‐３４１ .
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Role of grazing cattle on seed dispersal of plants in a hill pasture 4 . effects of dung patch on
environmental condition in dung and seedling establishment
S . Ogura , S . Tanaka and S . Sato
G raduate School o f A gricultural Science , Tohoku University , K aw atabi , Naruko‐onsen , Osaki , 989‐6711 Japan . E‐mail : s‐
ogura＠ bios .tohoku .ac .j p .

Key words : cattle dung , environmental condition , seed germination , survival , ungrazed area
Introduction Our previous study indicated that most seedlings of herbaceous plants germinated from dung pats died in bothsunny ( SUN) and shading ( SHA) places , due to high temperature in SUN and deficiency of solar radiation in SHA , in a １０‐week periods from early summer to early autumn ( Ogura et al . , ２００８) . This suggests that more moderate shading created bytall grasses surrounding a dung patch provides proper environmental condition for seedling establishment . In this study , a fieldexperiment was conducted to examine if a dung patch provided proper environmental condition for seed germination and seedlingsurvival .
Materials and methods T ri f olium repens , Poa p ratensis and Carex albata seeds were mixed with dung of a single dairy cowsfed grass silage ( neither anti‐parasitic medication nor ionophores were dosed) , respectively (１ ,５００ seeds/１ ,２００ g of fresh dungpats , n ＝ ３) . Two treatments ; i .e . , sunshine ( SUN ) and dung patch ( DPA ) were established on a pasture dominated by
Dacty lis glomerata . The dung pats ( φ ＝ ２０ cm) were placed on the pasture in areas where the sward was cut to a height of ３cm . In SUN , the sward surrounding the dung pats was cut at the height of ８ cm , before the experiment and at ２ weeksintervals during the experimental period ; whereas , in DPA , the sward height was ４０ cm at the beginning of the experiment andno cutting treatment followed . The number of seedlings germinated from the dung pats and seedling mortality were recordedfrom ４ August to ２９ September , ２００６ . The temperature and moisture conditions in the dung were monitored ( Ogura et al . ,
２００８) .

　 　 Figure 1 Cumulative number o f seed germination
( ○ ) and death ( ▲ ) o f seedlings in SUN
( le f t) and DPA ( right) .

Results and discussion Maximum temperature exceeded to ４０ ℃ inSUN , whereas temperature fluctuations were small in DPA . Moisturecontent of dung responded to precipitation in both SUN and DPA ,meaning that there was no obvious difference of moisture content indung between the treatments . Seed germination and its survivaldiffered among plant species ( Figure １ ) . In T . repens , seedgermination rate was greater for SUN than DPA , but most of theseedlings died during the experiment . In P . p ratensis , ３４ .０ seedlings/dung pat germinated and ２２ .７ seedlings/ dung pat survived in DPA ,which were greater than in SUN . The inconsistency of the survival ofseedlings in SUN compared to the previous study ( Ogura et al . , ２００８)is probably due to the difference of the season when the experimentbegan . In C . albata , seed germination rate was greater for SUN ( ６ .３seedlings/ dung pat) than DPA (３ .３ seedlings/ dung pat) , and most ofthe seedlings survived in SUN . The result suggests that sunny place isbeneficial to seed germination and the survival of the seedlings in C .
albata .
Conclusions While the dung patch may protect the seedlings from hightemperature and dryness in summer in P . p ratensis , the resultssuggest that sunny place may be beneficial to seed germination and the survival of seedlings in C . albata . From the previous
( Obara et al . , ２００８a ; ２００８b ; Ogura et al . , ２００８ ) and the present study , it is concluded that C . albata is adapted for seeddispersal by ruminants .
ReferencesObara , M . , Ogura , S . , Shishido , T . , Sugawara , K . , ( ２００８a) . Role of grazing cattle on seed dispersal of plants in a hill
pasture １ . Effect of sward structure on seed ingestion by cattle in ３ monocotyledons . Proc . IGC/ IRC Congress , H uhhot ,
China . ( in press)Obara , M . , Ogura , S . , Shishido , T . , Sugawara , K . , ( ２００８b) . Role of grazing cattle on seed dispersal of plants in a hill
pasture ２ . Effects of ruminal digestion on seed germinability of ５ plant species . Proc . IGC / IRC Congress , H uhhot , China .
( in press)Ogura , S . , Obara , M . , Shishido , T . , Sugawara , K . , ( ２００８ ) . Role of grazing cattle on seed dispersal of plants in a hillpasture ３ . Seasonal variation of locations of defecation by cattle and its effects on germination of seeds in dung pats . Proc .
IGC/ IRC Congress , H uhhot , China . ( in press)
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Long‐time effects of grazing on Patagonian rangelands (Argentina)
Oliva , G . , H umano , G . , and Ferrante
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Introduction Rangelands in the area of the Magellan Strait , southern Patagonia , are dominated by tussock grasslands of Festuca
gracillima . The Open Tussock Grassland State seems stable , and may endure grazing with little physiognomic changes , but atsome step irreversible transitions to dwarf‐shrub steppes of Nardophyllum brioides take place .
Materials and methods A tussock grassland ( Moy Aike Chico , Santa Cruz , １７０ mm rainfall ) was subjected to １１ years ofcontrolled grazing in an experiment with two ４０‐ha paddocks at stocking rates of ０ .６０ ( high) , ０ .２０ ewes/ ha/ year ( moderate)and a ２ ha exclosure ( equivalent to １ .５６ AUM ha‐１ , ０ .５０ AUM ha‐１ and ０ AUM ha‐１) starting in １９８７ . In １９９９ , fences wereremoved and the area returned to normal production grazing regime ( ０ .５０ ewes/ ha ) . Six ４００ m‐２ monitoring plots wereestablished per treatement , and three of them were randomly selected to be fenced off . Vegetation and soil differences betweenthese areas were monitored in years ２０００ , ２００２ and ２００６ . Vegetation was sampled with point‐intercept method (５００ points) ,and composite samples of topsoil ( １０ cm) were drawn for physical and chemical analysis . One‐way Analysis of Variance andDuncan contrasts were performed . Letters in Results section indicate significant differences for treatments in ２００６ ( P ＜ ０ .０５ ) .
Results and discussion Most grazing effects generated in the １９８７‐１９９９ stocking treatment persisted af ter seven years of uniformtreatments . Grazed and ungrazed plots in the １９９９‐２００７ period did not differ significantly , so the results are reported jointly .Significant differences were still observed in ２００６ in percentage of Bare Soil (３０ .９a high stocking , ２４畅２b moderate and ２１畅３b inexclosure) , Litter (１３畅６b , １６畅１b and ２２畅１a respectively ) , Short Grasses ( １６畅２b , ２３畅４a and ２２畅６a) , Dwarf Shrubs (２１畅３a ,
１６畅８ab and １２畅６b) and Shannon‐Wiener diversity index (‐１畅３３b ,‐１畅４７a , and‐１畅３９ab) . Cover of dominant tussock grasses andherbs were not significantly different in １９９９ . Soils in the grazed treatments still showed in ２００６ lower percentages of fine
particles such as Clay (１３ .１a , １１ .２b and １０ .３b) , Fine Silt (１３ .５b , １４ .２ab and １５ .３a) , Coarse Silt (５ .４c , ７ .８b and １０ .６a)and Very Fine Sand ( １５畅０b , １７畅４a , １７畅６a) , but were enriched in coarse particles including Fine Sand ( ２５畅３a , ２５畅４a and
２３畅２b) , Medium Sand (１６畅９a , １４畅８b and １４畅８b) , Coarse sand ( ７畅９a , ６畅４b and ６畅４b) , and Very Coarse Sand ( ３畅０a , ２畅９aand １畅８b) . The lower levels of organic carbon in grazed treatments that were evident in ２０００ no longer differed significantly in
２００６ (１畅４７ , １畅４６ and １畅６０％ ) , but significantly different contents of Total Nitrogen ( ０畅１４b , ０畅１５b and ０畅１７a ) and P
(１５畅５b , ２４畅２a and １８畅７b) were observed .
Conclusions The １１ year period of high stocking rates did not generate physiognomic changes in the Magellanic steppes , as thesesystems seem to persist in Stable States ( Oliva et al . ,１９９８) , but subtle effects such as a reduction in palatable grass cover anddiversity , the increase in dwarf shrubs , reduced soil fertility ( N and P ) and coarser soil textures ( probably because intensewinds eroded fine particles away from unstable grazed soil surface ) were evident after ７ years , regardless of the grazingmanagement in the recovery period . The results indicate the importance of gradual processes with long‐lasting and cumulativeeffects on vegetation and soil of these perennial‐dominated tussock grasslands , and underline the importance of careful long‐timemanagement in order to assure sustainable sheep grazing .
ReferencesOliva , G . , Collantes , M . , Humano , G . , ( ２００５ ) . Demography of Grazed Tussock Grass Populations in Patagonia .

Rangeland Ecology and Management . ５８ :４６６‐４７３ .Oliva , G . , Cibils , A . , Borrelli , P . , Humano , G . , ( １９９８ ) . Stable States in Relation to Grazing in Patagonia : A １０‐yearexperimental trial . Journal o f A rid Env ironments . ４０ : １１３‐１３１ .
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Grazing impacts on the dynamics of two long lived perennial grasses in tropical Australia
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Introduction Bothriochloa ewartiana ( desert bluegrass ) is a long lived perennial grass which is important for the northernAustralian pastoral industry , however , little is known of its basic population demography . Interim results from an extensive
grazing study indicated that rainfall had a greater impact than grazing pressure on the dynamics of B . ewartiana ( Orr andO摧Reagain ２００５) but suggested that a more pronounced grazing impact may emerge with time . This paper reports further dataon the continuing impacts of rainfall and grazing on B . ewartiana and also on another long lived perennial grass Chrysopogon
f allax ( golden beard grass) .
Materials and methods A large grazing study was established in １９９７ in open Eucaly p tus savanna at Wambiana , ChartersTowers (２０°３４′S , １４６°０７′E) , northern Australia to asses the impacts of ５ grazing strategies on animal production and resourcecondition . In １９９８ , ２０ permanent quadrats ( ５０ × ５０ cm ) delineated ４０ B . ewartiana and a variable number of C . f allaxplants to examine their persistence under constant light ８ ha/ Animal Equivalent ( AE) and heavy stocking ( ４ ha/ AE ) androtational wet season resting ( ６ ha/ AE) with３３％ of the pasture rested annually . ( The rotational stocking treatment waschanged to ９ ha/ AE in ２００３ and the heavy grazing treatment to ６ ha/ AE in ２００５ ) . The dynamics of B . ewartiana and C .
f allax are charted annually by charting the survival of original plants along with that of recruited seedlings ( Orr and O摧Reagain
２００５) . Plant survival was analysed using a proportional hazards survival model ( Cox １９７２) .
Results and discussion Seasonal rainfall ( October‐March) between １９９８‐１９９９ and ２０００‐２００１ was above the long term mean (５１３mm) while rainfall since ２００１‐２００２ has been below the long term mean ( Figure １ ) . Seedling recruitment of both speciesbetween １９９８ and ２００７ has been minimal such that the persistence of both species is due almost entirely to the presence of theoriginal plants . Survival of the original B . ew artiana plants has been reduced ( P ＜ ０ .０５ ) by heavy grazing particularly after
２００５ ( Figure １a) while survival of the original C . f allax plants has been reduced ( P ＜ ０ .０５ ) by light and rotational grazingparticularly af ter ２００２ ( Figure １b) .

Figure 1 Changes in the surv iv al (number o f p lants) o f ( a) B . ewartiana and (b) C . fallax in relation to seasonal rain f all
(October‐March) (mm) between １９９８ and ２００７ under ３ graz ing strategy at W ambiana .

Conclusions Contrary to previous findings , these results indicate a clear impact of grazing pressure with increasing grazing
pressure reducing the survival of B . ewartiana but increasing that of C . f allax . These current results also emphasise theimportance of long term research in drawing valid management conclusions .
ReferencesCox , D . R . (１９７２ ) . Regression and life tables . Journal Royal Stat . Soc . , Series B ３４ , １８７‐２２０ .Orr , D . M . and O摧Reagain , P . J . (２００５ ) . Rainfall and grazing impacts on the population dynamics of Bothriochloa ewartianain tropical Australia . XX International G rassland Congress , pp . ５２６ .
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Linear analysis method to calculate the specific forage ingestion by livestock
Pardini A . , Pratesi V . , Staglianò N .
University o f Florence‐Piaz z ale Cascine 18‐50144 Firenze ( I ) . E‐mail : andrea .p ardini＠ uni f i .it

Key words : pasture species , traceability , palatability indices
Introduction Native pastures include normally tens of species most of which are good forages . Measurements of massive biomass
grazed are easy , whilst the calculation of specific ingestion is very difficult , nonetheless to know how much of each species isgrazed by livestock can be useful to improve calculations of pasture carrying capacity and it is useful to research on traceability ,in fact some pasture plants contain traceable components but they are not grazed and consequently the compounds are not foundin the final produce , be it meat , milk or cheese . Several methods are used ( Hodgson et al , １９８１ ) but all are not precise :observations of livestock at grazing are done at distance from plants , animals fistulas change very much the grazing behaviour oflivestock , twin sample areas and separate weighing take too long time and need many repetitions . We propose a simple methodbased on measurement of the massive biomass ingested and calculation of the percentual specific ingestion by the number ofbites along lines of botanical analysis .
Materials and methods We chose ３ pastures of different complexity ( ３９ species in flat land , ６５ in mountain , ７８ in hill) . Thebiomass was measured in each pasture in sample areas of １ m２ . After ５ days grazing we identified the species that had bittenleaves within ５ cm of distance from analysis points set at distance of ２０ cm along lines of ２０ m (Daget and Poissonet , １９７１ ) .The quantity of bites received per species was pondered with the frequency of the species , this data was used to calculate the
percentage of specific ingestion , finally the specific ingestion was multiplied by the total biomass to calculate the quantity ofbiomass ingested per species . This trails considered only the １５ most frequent species (５ per pasture) . The results we got bythis method have been compared with specific indices of forage quality calculated con previous researches and known fromliterature ( Pardini et al . , ２００７) and indicative of the probable ingestion rate .

　 　 　 　 Figure 1 Graz ing percentage and f orage quality indices .

Results and discussion The specific ingestions calculated are very similar to the theoretical ingestion derived by palatabilityindices ( Figure . １ ) . The proposed method has distinguished species normally not much ingested like Bromus erectus ( １ ) ,
Holcus lanatus (５) and Plantago lanceolata ( １１ ) because of little palatability , from those more palatable and normally moreingested like Dacty lis glomerata (３ ) , Festuca p ratensis (４) , Lolium multi f lorum (７ ) , L .perenne (８) , Medicago sativ a (９ ) ,
Phleum p ratense (１０) , T ri f olium repens (１３ ) , V icia sativ a ( １４) .
Conclusions There good similarity between the ingestion rates and the quality indices , consequently we consider the proposedmethod sufficiently reliable for quick analysis especially also because easy and rapid . However it should be further controlled indifferent seasons and environmental conditions , especially because the appreciation and ingestion of a species is related to therest of the botanic composition of the pasture .
ReferencesDaget P . , Poissonet J . , ( １９７１) . Une méthode d摧analyse phytologique des prairies . Ann . Agr . , ２２( I) , ５‐４１ .Hodgson J . , Baker R .D . , Davies A . , Laidlaw A .S . , Leaver J .D . , ( １９８１ ) . Sward measurement handbook . Publication o f

the British G rassland Society , ２７７ .Pardini A . , Longhi F . , Mosquera Losada R . , Rigueiro A . , Cannone F . , Vannuccini F . , ２００７ . Ranger ３ .０ . CD‐rom , Ed .Europlanet , Firenze ( I) .
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Relationship between different grassland types and their volatile patterns to enhance the
traceability of Italian typical alpine dairy products
P . A ceto1 , S . Belv iso2 , A . Cav allero3 , L . Falchero3 , A . Fossi3 , M . Giordano2 , R . Paoletti 1 , E . Piano1 , A . Tava1 , G .
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Introduction Defining operative models for the characterization and valorization of mountain typical cheeses is a major topic inItalian Alps , in order to overcome the structural difficulties of mountain livestock farms . The Pro‐Alpe Project was carried outto investigate the main components of food chain ( pastoral resource , dairy cattle , milk production , processing and quality ,cheese characteristics) and the relations among them , aiming at defining traceability models from pasture to cheese andobtaining technical information to improve the efficiency of Italian alpine production systems . The Project preliminary resultsachieved at the end of the first year are presented in this paper .
Materials and methods The food chain was investigated in two sites , Piedmont and Venetia Alps , each with two differentvegetation types . Each one was characterized using ４２ transects of ５０ point quadrat . The ４ types were evaluated , both from theecological point of view , on the basis of an indirect analysis performed applying to species Landolt indices , and computingaverage indices for each transect ( weighted on species relative abundance) . Ecological gradients among coenosis were analysedby PCA using Landolt indices as variables . Extraction of volatiles compounds was performed by steam distillation and theobtained essential oils analysed by GC and GC/MS and by using solid phase microextraction ( SPME/GC/MS) .
Results The dominant species of the ４ vegetation types were ( relative abundance in brackets) : ( FPAs) A grostis tenuis (１５％ ) ,
A chillea mille f olium ( １２％ ) , T ri f olium repens ( １１％ ) ; ( FMAs ) Festuca nigrescens ( １４％ ) , A grostis tenuis ( ９％ ) ,
Potentilla crantz ii ( ８％ ) ; ( FSt ) Festuca nigrescens ( ２７％ ) , A lchemilla vulgaris ( １３％ ) , Phleum alp inum ( ７％ ) ; ( TSt )
T ri f olium alp inum ( ３７％ ) , Nardus stricta ( ２２％ ) , Carex semperv irens ( １２％ ) . The ４ vegetation types were welldifferentiated from an ecological point of view ( Figure １) , w ith some similarity between FPAs and FMAs . Preliminary chemicalanalysis showed that volatiles were ascribed at several different chemical classes of compounds of which terpenes ( ranging from
２ .６ to ５８１ .６ mg / g of fresh weigth in the different vegetation types) , aldehydes ( ５ .３‐１３ .９ ) , alcohols ( ７ .６‐２４ .６ ) and esters(１ .１‐１４ .１) were the most abundant . Chemical analysis on grass and on milk obtained from cattle fed exclusively on a singlevegetation type , allowed to identify a number of compounds most interesting at defining traceability models ( Table １) .

　 　 Figure 1 Vegetational survey in the
ecological space rep resented by １

st ( x‐
ax is ) and ２

nd ( y‐ax is ) component
(cumulate variance : ７５％ ) o f the PCA .
V ariables : L andolt indices : brightness
(L ) , temperature ( T ) , continentality
(C ) , soil moisture ( U ) , soil reaction
(R) , nitrogen needs ( N ) , humus ( H ) ,
soil dispersion (D) .

Table 1 Quantity o f terpenes , f ound both in grass μg/ g o f f resh weight )
and milk (not reported here) , di f f erentiated by vegetation ty pe .

Compounds FPAs FMAs FSt TSt
GC/MS
μ / g fw )

limonene ２１６ ].１ ８３４ 煙.６ ‐ ＜ ０ |.１
p‐cymene ‐ ‐ ‐ ０ >.１
caryophyllene １６ F.２ １１ 垐.９ １ 膊.０ ０ >.１
bicyclogermacrene ７ /.２ ２ q.４ ０ 膊.１ １０ U.２

SPME ( Logarea count)
limonene ８  .４０ ８ Z.４３ ‐ ‐

p‐cymene ‐ ‐ ‐ ２ l
caryophyllene ２ ]１ 煙５ 噜３ l
bicyclogermacrene ‐ ‐ ‐ ３ l

Conclusions Results here presented are necessarily preliminary : in the firstyear , the goal was centred on the feasibility of the setting up of the wholeProject and experimental design was simplified compared with the one ofsubsequent years . Nevertheless , if we focus on compounds found both ingrass and milk ( compounds that could be markers for traceability of typicalAlpine dairy products ) , the wide variability existing between vegetationtypes suggests that it is possible to enhance the traceability in mountain dairyproduction systems . More refined analysis ( now in progress ) shouldstrengthen this hypothesis . Precise determination of botanical and ecologicaldifferences between vegetation types studied and their comparison withdifferences in volatile patterns , will point out at which extent the approachproposed could be used to assess traceability of mountain typical products .
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Experiences with grazing the new annual pasture legume Biserrula pelecinus L . in southern
Australia production benefits and risk of photosensitisation
C . Revell 1 , N .Robertson2 and I .W illiams2
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6151 , A ustralia . E‐mail :crevell＠ agric .w a .gov . au 2 Faculty o f Natural and A gricultural Sciences , The University o f
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Introduction Biserrula pelecinus ( L .) is a species of annual legume located in the Galegeae tribe of the Leguminosae family . Itis endemic to the Mediterranean basin and was first commercialised as a pasture plant in Australia in １９９７ . It is of ten used in a
ley farming system where it self‐regenerates from persistent seed banks after one or more cereal crops . Its key features are highseed production , high hard seed content , small seeds , deep root system and acid soil tolerance ( Loi et al . ２００５) . Biserrula hasa high protein content , particularly as a dry feed and is tolerant of heavy grazing by sheep and cattle . Sheep will preferentiallyavoid grazing biserrula in some circumstances ( Revell and Thomas ２００４ ) and it has been associated with cases of
photosensitivity when it dominates the sward . We tested the hypothesis that the aversion response is a function of elevatedrumen ammonia resulting from the high protein content of biserrula herbage .
Materials and methods The hypothesis was tested by measuring the performance of sheep that grazed green biserrula only or
given access to biserrula plus either additional nitrogen as lupin grain (４５０ g / hd/ day) or additional energy as oat grain (５８０ g /hd/ day) . The field experiment was conducted near Narrogin , Western Australia ( lat ３２°５６′S , long １１７°４９′E) a region withwinter dominant rainfall . Fif ty‐four weaner sheep ( three grazing treatments , six sheep per treatment , three replicates ) with
prior experience of biserrula were allowed to graze biserrula for six weeks from mid‐August and measured for grow th , plasmaurea nitrogen ( converted to rumen ammonia according to McMeniman １９９０ ) and clinical signs of photosensitisation . Each
grazing pot was ０ .２５ ha and initial sheep liveweight was approximately ４０kg .
Results and discussion The crude protein ( CP) content of biserrula pasture was ２３％ and digestibility was ７６ .５％ ( falling to ６８ .
１％ af ter six weeks) . The lupin supplement was ３５％ CP , ９３ .７％ digestibility and the oat supplement was ９ .７％ CP and ７１ .
８％ digestibility . Animals took up to a week to become accustomed to supplements ( longer with oats) . Plasma urea nitrogenstabilised after two weeks . Signs of photosensitization on the face , ears and tail appeared after two weeks . Sheep grew fasterwhen offered supplements , regardless of the effect on rumen ammonia ( Table １) . The lower grow th rate of sheep grazing onlybiserrula ( more pronounced towards the end of the grazing period) indicates an aversion response . Photosensitisation appears to
result from ingestion of particular secondary compounds ( i .e . Type I condition) .
Table 1 E f f ect o f p rotein and energy sup p lements on p roductiv ity and health o f sheep graz ing biser rula pasture .

T reatment Rumen ammonia
( mg /１００ml)

Liveweight change
( g / hd/ day)

Sheep with signs of
photosensitisation

Sheep with severe
photosensitisation

Biserrula control ７７ 佑８１ 棗１５ [９ 耨
Biserrula ＋ lupins ９８ 佑１５４ 排４ -１ 耨
Biserrula ＋ oats ６８ 佑１３０ 排６ -３ 耨
lsd ( P＝ ０ [.０５) ４２ 棗

Conclusions The hypothesis that the high protein content of biserrula elevates rumen ammonia in sheep leading to an aversionresponse was not supported . Provision of a supplement helped overcome the aversion to grazing biserrula and reduced the
incidence of photosensitisation . Analysis and identification of secondary compounds in biserrula is on‐going .
References
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Grazing disturbance a benefit to species diversity in re‐established native grass stands
Michael P . Schellenberg and A lan D . Iw aasa
Box 1030 , Semiarid Prairie A gricultural Research Center B畅 A griculture and A gri‐Food Canada , Sw i f t Current , SK ,
Canada , S9H 3 × 2 . E‐mail : schellenberg＠ agr .gc .ca

Key words : seeding mixture , native plants , grazing , species richness , biodiversity
Introduction In western Canada , increasingly land is being taken out of annual crop production and returned to perennial cover ,in part due to an aging producer population but also the recognition of improved sustainability of perennial systems . A portionof the reseeded perennial cover has been native plant material . Seeding mixtures of species have included only a single species toover １００ species . Recommendations for utilization of seeded native grassland species have ranged from a year to establish priorto grazing to no grazing to be allowed . This series of studies set out to determine the possible benefits of seeding a simple sevenspecies mixture versus a more complex fourteen species mixture and the impact that grazing might have on the resulting plantcommunities .
Materials and methods A ２ × ２ factorial experiment with ４ replicates was initiated in ２００１ . Sixteen paddocks (２ ha each) wereseeded to either a simple six species mixture of cool season grasses plus a native legume or fourteen species icluding the sevenfrom the simple mixture plus warm season grasses and ２ shrubs species . The grazing factor had two utilization levels ; either
４０‐５０％ utilization or ６０％ ‐７０％ . The seeding rates were ７５ pure live seeds ( PLS) m‐２ for the simple while the complex had ９９PLS m‐２ . Within each paddock an area (３ .６ m × ３ .６ m) was excluded from grazing . Cattle grazing commenced in ２００２ in themonth of June until September . Grazing followed the same pattern for ２００３ and ２００４ . Plant compositions , bare ground andlitter cover were determined for each of the grazed portions of the paddock using １０ randomly selected sampling points ( a１ /４ m２ )on a diagonal transect . A single random sampling point was used for the exclosures . From the plant compositions a Simpson摧sIndex was calculated . Data was analyzed using Proc GLM and Tukey摧s test for mean seperation from SAS Institiute , Inc .
(２０００ ) . Data presented is from the final year of the study , ２００４ .
Results and discussion The complex species mix had １２％ less ( P ＜ ０ .０５) litter . Within the exclosures there was no baregroundand ３８ .９％ litter cover . This was significantly ( P ＜ ０ .０５ ) different than the grazed areas which had ４４ .９％ bareground and １７ .
２％ litter cover . The complex species mixture was composed of ６６％ wheat grasses while the simple mixture was composed of
９７％ wheat grasses for the final year ２００４ . The exclosures were dominated by one or two species while the grazed areas had
greater respresentation of the seeded species .Within the grazed areas the species that dominated were different then exclosures .Simpson摧s index increased from ０ .８６ to ０ .９４ within the exclosure while the grazed increased from ０ .９３ in ２００２ to ０ .９６ in
２００４ . The exclosure Simpson摧s Index value ０ .９４ differed ( P ＜ ０ .０５) f rom the grazed area value ０ .９６ . These trends agree withreported trends within the literature for grasslands which are grazed versus those which are not . The increase in speciesrichness is due to opening of the canopy to allow access less dominant species access to resource such as light . This is indicatedby decreased bareground and increased litter within the exclosures . One would expect limitis to the benefits of grazing forspecies richness . Overgrazing , af terall , is well known to dramatically decrease species number . One would have expected to seesome reduction in the more intensively utilized pastures but no impact on plant composition was noted ( P ＞ ０ .０５) . This wouldsuggest a ４ year study is inadequate to observe deleterious grazing impacts from the higher utilization . This would be inagreement with earlier work done on pre‐existing mixed grass prairie ( Schellenberg et al . , １９９９) in which no negative impactsto production were noted af ter high utilzation over a ７ year period under the similar climatic conditions .
Conclusions Disturbance , in the form of cattle grazing , would be beneficial for maintaining plant diversity in new seedings . Thisbenefit being the result of a more open canopy resulting from grazing and preventing complete dominance of a few seeded speciesover the complement of seeded species .
ReferenceSchellenberg , M .P . , Holt , N .W . , Waddington , J . , (１９９９ ) . Effects of grazing dates on forage and beef production of mixedprairie rangeland . Canadian Journal o f A nimal Science ７９ , ３３５‐３４１ .
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The influence of tree thinning on grass dry matter yield , with and without grazing by herbivore
game species in the Marakele Park , South Africa
G .N . Smit and F .C . Pienaar
Department o f A nimal , W ildli f e and Grassland Sciences , University o f the Free S tate , P .O . Box 339 , Bloem f ontein 9300 ,
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Introduction In semi‐arid savannas of South Africa an increase in woody plant density ( bush encroachment ) results in thesuppression of grasses . Bush encroachment is of great concern in the Marakele Park and a mechanical tree thinning programwas applied during ２００２ /０３ . There were , however , concerns about the effectiveness of this measure , especially in view of highnumbers of grazing game species that were re‐introduced into the park . The objective of the study was to quantify the effect ofthe mechanical tree thinning on grass dry matter (DM ) yield in areas protected from and exposed to grazing .
Materials and methods Marakele Park is located adjacent to the Marakele National Park in South Africa . Three vegetation typesbased on the dominant species were identified : A cacia melli f era‐Grew ia f lava ( Am‐GF) , Combretum ap iculatum‐G . f lava( Ca‐GF) , A . erubescens‐Dichrostachys cinerea ( Ae‐Dc) . Two experimental plots ( １００ x ２００ m ) were demarcated in eachvegetation type , one each in a thinned ( T reatment) and an untreated ( Control) plot . Enclosures were placed randomly in each
plot and yield determinations done by cutting at the end of the ２００４ /０５ season . T ree density of each plot was quantified interms of Evapotranspiration T ree Equivalents (１ ETTE ＝ leaf volume equivalent of a １ .５ m tree) ( Smit １９８９) .
Results In areas exposed to grazing the grass DM yields in the T reatment plots did not differ substantially from the Control plots( Table １) . This is confirmed by non‐significant ( P ＞ ０ .０５ ) relations between tree density and grass DM yield ( Table ２ ) . Incontrast , much higher grass DM yields were recorded in areas protected from grazing ( Table １ ) , though the differencesbetween the control and treatment plots were still relatively small . The ineffectiveness of the tree thinning treatment is againdemonstrated by non‐significant ( P ＞ ０ .５) relations between tree density and grass DM yield ( Table ２) . With the exception ofannual grasses this relation was mostly positive , which suggest that trees at these densities and in the absence of grazing ,contributed positively to the grass DM yield . This was mainly due to the strong association of Panicum maximum with thecanopies of trees , notably those of larger trees .
Table 1 Total grass DM yield in areas
ex posed and p rotected f rom graz ing at the
end o f the ２００４ /０５ grow ing season in the
various ex perimental p lots .

Exp plo t T ree density
( ET TE ha‐１ )

DM yield
( kg ha‐１ )
Exposed

DM yield
( kg ha‐１ )
Protected

Am‐Gf ( T ) ８ ６９１ 寣１ ０５５ }２ ６６２  
Am‐Gf ( C) １０ ３３１ 寣１ ３５７ }２ ０６８  
Ca‐Gf ( T ) ４ ５５１ 寣８４７ }１ ３６３  
Ca‐Gf ( C ) ７ ７９９ 寣８９１ }１ ２１６  
Ae‐Dc ( T ) ４ ３２８ 寣５３３ }１ ２０４  
Ae‐Dc ( C) ８ ６７６ 寣１ ０６７ }１ ２３７  
( T )‐treatment plot , ( C)‐control plot

Table 2 Regression analyses o f the relations between the DM yield o f grasses in
the areas exposed and p rotected f rom graz ing ( dependent variable ) and tree
density ( independent variable) .
Grasses Regression equation r n P

Exposed
Annual y ＝ ２６ !.０３３ ＋ ０ .００２３０９x ０ 揶.０１８ ６ c０ T.６７７ ns
Perennial y ＝ １８５ J.８７ ＋ ０ .０６２１７０x ０ 揶.４３４ ６ c０ T.１５８ ns
Combined y ＝ ２０１ J.７７ ＋ ０ .１０２３００x ０ 揶.４４２ ６ c０ T.１４９ ns

Protected
Annual y ＝ １４１ J.９６ － ０ .０１３７９x ‐０ 祆.７７９ ６ c０ T.４３１ ns
Perennial y ＝ ‐１８５４ 帋.０ ＋ ０ .３７４３０x ０ 揶.９５９ ６ c０ T.１８３ ns
Combined y ＝ ‐１６９０ 帋.４ ＋ １ .２７１００x ０ 揶.９０６ ６ c０ T.２７８ ns
ns ＝ non‐significant P ＞ ０ .０５ .

Conclusions The objective of the initial tree thinning treatments to increase grass DM yield was not achieved and this is ascribedto the nature of the tree thinning operation and the high grazing pressure . It is concluded that the tree densities of the treatment
plots were still too high to have a significant effect of grass DM yields , partly due to re‐encroachment that occurred since theinitial tree thinning operation . Furthermore , the current grazing pressure appears to have effectively neutralised the anticipated
positive effect of the reduced competition from the woody layer . This emphasises the importance of conservative stocking ratesduring the implementation of restoration measures such as tree thinning .
ReferenceSmit , G .N . ( １９８９ ) . Quantitative description of woody plant communities : Part I . an approach . Journal o f the G rassland

Society o f Southern A f rica ６ : １８６‐１９１ .
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Vegetation response to grazing management in a Mediterranean grassland : a long‐term synthesis
Marcelo Sternberg1 倡 ,Zalmen Henking2 , A v i Perevolotsky 2 and Eugene D . Ungar2
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Introduction A long‐term synthesis (１３ years) on the effects of cattle grazing management on the structure and composition of aMediterranean grassland in north‐eastern Israel is presented . This study provides new insights on the response of the vegetationto rainfall and grazing management .
Methods The relationships among plant functional groups was studied in the context of the effects of grazing pressure of themost recent and former grazing seasons , as well as on the rainfall amounts of the most recent and previous rainfall seasons .T reatments included manipulations of stocking rates ( moderate , heavy and very heavy) and of grazing regimes ( continuous vs .seasonal) , in a factorial design .
Results Inter‐seasonal rainfall variation was a dominant factor in the expression of different grazing treatments on the structureof the plant community . Species diversity was significantly affected by grazing treatments and their effects were stronger in
years with dry springs . Grazing effects were stronger on tall annual grasses and annual legumes in wet rainfall years . In drysprings and years , an increase in plant cover was noted in crucifers and thistles with increasing grazing intensity . A reduction incover of tall grasses was correlated with an increase in cover of less palatable groups such as annual and perennial thistles aswell of prostate and shorter groups such as annual legumes and short annual grasses . Cover of functional groups composed byhemicryptophytic species were less variable ( lower CV) , in response to grazing treatments compared to functional groups withannual species .
Conclusions Increasing grazing intensity produced a shif t in dominance of less palatable functional groups and was rainfalldependant . However , persistency of tall grasses and more palatable species support the idea that Mediterranean grasslands arehighly resilient . This long‐term study shows that the community is rather stable in spite important variation in grazing
pressures and rainfall conditions . Grazing pressure could be increased compared to current management pressures , however ,the effects of rainfall conditions should be included in the managerial protocols to prevent a reduction in forage quality of the
grassland .
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Short‐term response of preferred and unpreferred species to sheep grazing in a Patagonian steppe

V alenta , M . D .1 ,2 y Golluscio , R . A .1 ,3

1 Cátedra Forraj icultura , Facultad de A gronomí a , UBA , 2 Cátedra Ov inotecnia , Facultad de A gronomí a , UBA , 3

CON ICET . E‐mail : mvalenta＠ agro .uba .ar

Key words : Sheep grazing , cover , preferred , species , unpreferred , species
Introduction Patagonian steppes are subjected to severe grazing‐induced desertification processes (León & Aguiar １９８５ ) ,
usually leading to the dominance of unpreferred plant species at the expense of preferred ones ( Cingolani et al . ２００５ ) . It is
commonly accepted that grazing constitutes a selective pressure favourable to unpreferred plants , more stress tolerant than
preferred ones ( Chapin et al . １９８７ ) . However , this hypothesis was rarely based on short‐term field measurements under
known grazing pressures . Here we tested general hypothesis in the Patagonian steppe by measuring the change in plant cover of
preferred and unpreferred species along a grow th season under known grazing pressures .
Materials and methods The experiment was done from October ２００５ to February ２００６ in the Experimental Farm of INTA at Río
Mayo ( Chubut province , Argentina ) . We measured specific plant cover by the lineal interception method on permanent
transects located at ３ plots of １００‐１５０ ha subjected to different stocking rates . Within each plot , ３ transects were located at
different distances from the watering point in order to encompass a wider gradient of grazing pressures . On each transect we
counted faecal pellets and transformed the mean stocking rate of each plot to the stocking rate of each transect ( effective
stocking rate ; ESR) , proportionally to the number of faecal pellets . We analyzed the effect of grazing on the cover of preferred
and unpreferred plant functional types ( PFT ) , and of preferred Poa ligularis ( PLIG ) and unpreferred Stipa speciosa var .
major ( SSM ) , by multiple linear regressions , with time under grazing and effective stocking rate as independent variables .
Results According to the hypothesis the cover of the Preferred PFT and that of PLIG‐decreased significantly with time under
grazing , while that of Unpreferred PFT and that of SSM‐did not vary with time under grazing . In addition , the cover of PLIG
decreased as effective stocking rate increased ( Figure １ ) .

Figure 1 Plant cover o f Pre f erred PFT (a) , Unp re f erred PFT (b) , p re f er red Poa ligularis (c) and unp re f erred Stipa
speciosa var . major (d) as a f unction o f time under graz ing . MSR ＝ mean e f f ective stocking rate (coarse line) , L SR ＝ ０ .
２ × MSR ( thin line) , H SR ＝ １ .８ × MSR ( dotted line) .
倡倡 : p ＜ ０ .０１ ; 倡 : ０ .０１ ＜ p ＜ ０ .０５ ; ０ : p ＞ ０ .０５

References
Cingolani , A . , Posse , G . , & Collantes , B . ( ２００５ ) . Plant functional traits , herbivore selectivity and response to sheep
grazing in Patagonian steppe grasslands . Journal o f A p p lied Ecology ４２ , ５０‐５９ .
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Beef cattle performance on Panicummaximum pastures under two levels of fertilization in Brazil
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Introduction The low soil fertility is the most important limiting factor hampering the intensification of beef production in
Savannah areas . According to Macedo (１９９５) the low base saturation and low P soil content are the two factors directly relatedto pastures productivity and its sustainability . After having these two deficiencies corrected the productivity is dependent on
nitrogen fertilization . Thus , the objective of this work was to evaluate levels of fertilization on Panicum maximum pastures .
Materials and methods The experiment was carried out on an Oxisol at the National Beef Cattle Research Center , Campo
Grande , Brazil , f rom October ２００４ to May ２００６ . The experimental design was a randomized block design with subdivided plots
with three replications . The main plots were formed by two levels of soil fertility : LFL to maintain fertility on ５０％ base
saturation , ８ mg /L of phosphorus and ８０ mg /L of potassium ; HLF‐to maintain fertility on ７０％ base saturation , １２ mg/ L of
phosphorus and １００ mg/ L of potassium . The subplots were formed by １５０ ( N１５０) and ３００ ( N３００ ) kg / ha of nitrogen . Twelvemodules , of Panicum maximum cv . Tanz nia , measuring １ .１２５ ha each were utilized , and divided into six paddocks ( ０ .１８８
ha) . Each module was submitted to a rotational grazing characterized by pre‐grazing condition of ７０cm sward height and a post‐
grazing residue of ４０ cm height , and was grazing by four yearling steers . Additional steers were allocated and removed fromeach paddock according to forage mass to assure the planned residues . Forage samples , before and after grazing , were taken .
The animals were weighted at ２８‐day intervals . Data was analyzed according to GLM‐SAS and averages were compared by the
Tukey test .
Results There was no interaction involving the main effects ( P ＞ ０畅０５ ) for average daily gain ( ADG ) , stocking rate ( SR) ,liveweight gain ( LWG) per area and all sward characteristics . The ADG and SR on LFL were similar to those observed on
HLF pastures . However , the pastures that received N３００ accumulated more forage with higher nutritive value than those
which received N１５０ ( Table １ ) . Consequently , N３００ pastures sustained higher SR and the steers performed better , whichresulted in greater productivity than those pastures with N１５０ ( Table ２) .

Table 1 Means f or f orage dry matter ( DM ) , percentages
o f lea f blade ( LB) , stem (S ) , crude p rotein (CP) and in
vitro organic matter digestibility ( IVOMD) .

Cultivars N１５０ )N３００ �
DM ( kg / ha) ４６４０

b
５２１０

a

LB( ％ ) ６９ 档.８a ７０ 8.０a
S( ％ ) １６ 档.５a １７ 8.８a
CP( ％ ) １６ 档.０b １８ 8.２a
IVOMD( ％ ) ６８ 档.０b ７０ 8.６a
Means followed by the same letter in the row are not different ( P ＜ ０ .０５) , by
the Tukey .

Table 2 Means f or average daily gain ( A DG ) , stocking
rate ( SR ) , gain per area ( GA ) , rest period ( RP ) and
graz ing cycles (GC) .

Cultivars N１５０ gN３００ 觋
ADG( g / day) ６８５

b
７７０

a

SR( AU 倡 / ha) ５ 排.０３b ６ H.５９a
GA( kg / ha) ８４５

b
１ H.２６４b

RP( days) ３０ 篌.１b ２４ v.９a
GC( no .) ５ 排.８b ７ H.４a
Means followed by the same letter in the row are not different ( P ＜ ０ .０５ ) , by
the Tukey .
倡 Animal unit

Conclusion After correcting soil fertility , assuring ５０％ of base saturation , ８ mg/ L of P and ８０ mg/ l of K the guineagrass
production is dependent on nitrogen fertilization .
Reference
MACEDO , M . C . M . ( １９９５ ) . Pastagens no ecossistema cerrados . In : SIMP谗SIO SOBRE PASTAGENS NOSECOSSISTEMAS BRASILEIROS :pesquisas para o desenvolvimento sustentável ,１９９５ ,Brasí lia . A nais爥Brasí lia : SBZ ,
p .２８‐６２ .
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Effect of grazing intensity on photosynthesis and soil respiration of alpine grassland in Tibet
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Introduction Naqu locates at the northern Tibet , and also the higher part of Tibet . Alpine grassland is one of the dominant
grassland systems at Tibet Plateau . But how the effect of grazing on its photosynthesis and soil respiration is still not veryclear . To understand the relationship between them will help to evaluate the sustainable development of grazing capacity andCO２ emission from this system .
Materials and methods The site was on a typical Alpine grassland . The experimental plots were separated by net wall . There arefour grazing intensity treatments that is no sheep as check ( T０ ) , ２ sheep ( T２ ) , ３ sheep ( T３ ) and ５sheep ( T５ ) , whichrepresented no grazing , less grazing , current grazing and over grazing level , respectively . The plots were divided into ３ partsinside for shif ting grazing every １０ days . There are ３ replications in this grazing intensity experiment . The canopy
photosynthesis rate was measured by Li‐６４００ portable photosynthesis system by using transparent chamber . And the soilrespiration rate also measured by Li‐６４００ portable photosynthesis system by using soil respiration chamber . The measurementwas taken at sunny day of middle August , which is the most dominate weather type and the most thriving season of the year .The measurement was taken every ２ hours from １０am to ５pm in a continuous ３ days period and the average results were given .
Results The photosynthesis rate under difference grazing intensity has obvious difference as shown in Fig１ . The descend order isT２ , T３ , T５ and T０ . It seems that less grazing will stimulate the photosynthesis rate and overgrazing will slow down this trend .As to the diurnal photosynthesis rate , T２ and T３ has almost have same tendency , that is , from morning to noon it ascend
quickly , then it keeps almost stable , until ４pm , after that it drops quickly . As to T０ and T５ , the tendency is similar and about
２ hours delay . Fig２ showed that the soil respiration also different from each other . The soil respiration rate of all treatmentsdropped rapidly from morning to noon , and then keep flat . T０ and T２ were much higher than T３ and T５ .It may result from thebalance of sheep trample and the respiration of grass root . More sheep , and lower soil respiration .

Figure 1 Photosynthesis rate o f di f f erent
graz ing intensity .

　 　 　 　

Figure 2 Soil resp iration rate o f di f f erent
graz ing intensity .

Conclusions Based on different grazing intensity experiments , the results showed that proper grazing intensity can stimulate the
photosynthesis rate , overgrazing will slow down this trend ; Soil respiration rate will decrease with higher grazing intensity .
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Testing non‐equilibrium theory : Effects of grazing on plant community composition and soil
nutrient availability in dry southern Mongolian steppes
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Introduction Large parts of the Central Asian rangelands are dry at mean precipitation levels of ＜ ２００ mm , and show a
pronounced interannual variability in climate ( CV ＞ ３０％ ) . The non equilibrium‐( or disequilibrium‐ , Gillson & Hoffman ,
２００７) theory of rangeland science predicts for such environments that climate is the main control with biotic factors includinggrazers摧 impact being driven by , rather than driving variables . In this view , degradation threat should be small in dry regions .We tested these assumptions by monitoring vegetation composition in grazed and ungrazed sites in southern Mongolian desertsteppes over ８ subsequent years . Our focus was on the relative importance of interannual climate variability vs . grazing impact /exclusion . Ongoing discussions on the possibility of degradation occurring even under non‐equilibrium conditions prompted usto assess whether grazing alters soil conditions and if possible changes indirectly affect rangeland health .
Materials and methods Studies were conducted in southern Mongolian desert steppes that receive well below ２００ mm annual
precipitation ( mainly summer ) . We used permanent grazing exclosures and adjacent controls to monitor vegetationdevelopment . T ransect studies radiating away from traditional high impact sites were employed to assess long‐term effects of
gradients in livestock activity . We also determined the impact of burrowing small mammals ( Mongolian Pika , Ochotona
pallasi) on vegetation and site conditions . Results pointed to effects of nutrient limitation so we also conducted an NPKfertilization experiment and added fertilizer at equivalents of １０ and ２０ gN /m ( １００ & ２００ kgN / ha) .
Results Exclosure studies demonstrated a pronounced interannual variability in plant community composition and productivity ,which were related to the variability in precipitation . Grazing also had significant effects on community structure , but thesewere small compared to the rain effect . Studies along transects of ２ km length also showed no effects of grazer activity on plantcommunity compositions along the land use gradients ( Stumpp et al . , ２００５ ) . They gave , however , evidence for nutrienttranslocation as small livestock ( mainly goats and camels ) release nutrients particularly phosphate — at some few high impact
points . Exclosure studies also indicated soil and nutrient accumulation in fences .
Small mammals consumed a fraction of aboveground biomass comparable to the uptake by livestock , and pikas also translocatednutrients . They operate on scales of few metres and concentrate N and P on their burrows thereby counteracting large‐scalenutrient dislocation by livestock . Vegetation on burrows differed in composition and was more productive than the surroundingsteppe (Wesche et al . , ２００７) .
After fertilization , uptake of nutrients was increased though far from complete and nutrients accumulated in the soil . Plantbiomass and flower production varied strongly with annual precipitation levels ( annual totals ２００４‐１８９ mm , ２００５ — １１３ mm ,
２００６ — ca . １５０ mm) , but fertilization always led to a two‐to threefold increase in productivity and reproduction .
Conclusions Our results confirmed the importance of abiotic controls on plant community composition and performance impliedby the non‐equilibrium theory . Auxiliary data showed that populations of livestock and small mammals indeed showedpronounced interannual fluctuations , and evidence for strong direct effects of grazing on vegetation is indeed limited . However ,livestock withdraws nutrients from the rangelands and the fertilization experiment showed that rangeland performance is at leastco‐limited by nutrients even in dry years . These results point to an indirect pathway of pasture degradation that has hardly beenassessed in Central Asia . Data also support the notion that focusing on precipitation alone is an oversimplification even in dryrangelands , and thus the non‐equilibrium theory needs improvement .
ReferencesGillson , L . & Hoffman , M .T . (２００７) . Rangeland ecology in a changing world . Science ３１５ : ５４‐５４ .Stumpp , M . , Wesche , K . , Retzer , V . & Miehe , G . (２００５) . Impact of grazing livestock and distance from water points onsoil fertility in southern Mongolia . Mt . Res . Dev . ２５ : ２４４‐２５１ .Wesche , K . , Nadrowski , K . & Retzer , V . (２００７) . Habitat engineering under dry conditions : The impact of pikas ( Ochotona

pallasi) on southern Mongolian mountain steppes . J Veg Sci １８ : ６６５‐６７４ .
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The use of faecal NIRS to monitor diet quality different grazing systems in tropical savannas
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Introduction Nutrition is the major factor influencing animal production in grazing systems , however it is very difficult tomonitor in extensive systems . This is especially so in northern Australia which has distinct wet and dry seasons , large paddockswith highly heterogeneous pastures and the likelihood for selective grazing . Faecal NIRS is one method to monitor diet qualityin these extensive systems ( Givens et al . , １９９７) . Here we present data that illustrates the considerable seasonal differences innutrition across four different grazing systems and discuss this in relation to collection methods and inter‐animal variation thatoccurs .
Materials and methods As part of a large paddock scale study investigating aspects of grazing management in the tropicalsavannas of northern Australia , faecal samples were collected monthly to determine diet quality through NIRS . Grazing systemsinvestigated included set stocking ( SS) , set utilisation ( SU ) , wet season spelling (WSS) and cell grazing ( CG) . Twenty freshfaecal samples were ground‐collected from each treatment and aggregated , with a representative sample removed , dried at ６０ ℃for ４８ hours and analysed by NIRS . Additional opportunistic collection and analysis also occurred .

　 　 Figure 1 Crude p rotein levels f rom f our di ff erent graz ing systems .

Results and discussion Figure １ shows thedietary crude protein figures from the
２００４ to ２００７ faecal NIRS samples in thedifferent grazing systems . ANOVAanalysis showed there was no significantdifference between the grazing systems atthe ９５％ confidence level . The mainconclusion that can be drawn is thatseason was the dominant factorinfluencing animal nutrition .
The mean monthly figures providedvaluable data to inform overall nutritionmanagement . However , by aggregatingthe samples to provide means alone , the
potential value of the data is reduced as nomeasure of variation is provided .
An opportunistic collection occurred inApril ２００６ with between ２９ to ３１ samplescollected from cattle within each of thedifferent grazing systems . The sampleswere not aggregated and means of dry matter digestibility and crude protein were generally similar to the routine monthlysamples . However for CG , the mean of the non‐grass component of the diet in the opportunistic samples was ２０％ ( range
２４％ ) compared with the routine monthly collection figure of ４０％ . Across the grazing systems the non‐grass component of thediet varied from ２０％ ( WSS ) to ５０％ ( SU ) . Over the long‐term , this observed variability may have proved decisive indifferentiating between the different grazing systems .
Conclusions Rainfall had a marked influence on diet quality as expected . Across the trial , no significant effect of grazing systemon mean diet quality was observed . However , collection and analysis of individual faecal material within each grazing systemindicated distinct variations between animals for a number of dietary factors , probably reflecting the variability in individualanimal choice of areas grazed within the large paddocks and grazing systems employed . While significantly different levels ofavailable protein were not observed in the different grazing systems , consideration of the variability in other dietary factors mayhave proved decisive in an analysis of the grazing systems .
ReferenceGivens , D .I . , De Boever , J .L . and Deaville , E .R . ( １９９７ ) . The principles , practices and some future applications of nearinfrared spectroscopy for predicting the nutritive value of foods for animals and humans . Nutrition Res . Rev . １０ : ８３‐１１４ .
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Soil‐plant indicators for determining the impact of management on the stability of grasslands in
cattle exploitation
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Introduction The degradation of grasslands is a phenomenon of global transcendence ( Holzer and Krechbaun ２００１ ) , and thedevelopment of indicators for monitoring their productive and ecological impact in an easy and trustworthy way is a presentchallenge . Therefore , the objective of this work was to select indicators of the soil‐plant stability in grasslands under cattleexploitation .
Materials and methods The study was performed in ２００２ , ２００３ and ２００４ in the Institute of Animal Science , Havana , Cuba .Two grasslands ecosystems were evaluated : a) a silvopastoral system based on Leucaena leucocephala/ Panicum maximum onFerrasol soil , and b) a mixture of creeping legumes on Oxisol soils . Seventy soil indicators were determined such as structure ,resistance to penetration , value n , organic matter , content of nutrients and subterranean phytomass . Also , fif ty plantindicators were determined such as botanical composition , biomass availability , bromatologic composition , density , new and oldspecies and biodiversity . Principal component analyses ( Torres et al . , ２００３) was used for the selection of indicators . .
Results The productivity of both systems improved during the test period ( Table１ ) . The soil indicators selected correspondedwell with the type of soil ( Alonso １９９７ ) , and showed corresponding improvements in value with improvements in pastureproductivity in both pasture systems . This illustrates that soil and vegetative factors have close correspondence , and thatmanagement can have a positive ecological effct . The indicators １ ) density of basic pasture , ２ ) biomass availability , ３ )distribution of aggregates in humidness , and ４ ) subterranean phytomass were identified as the most significant in bothgrasslands , even though they are on different soils types and have different plant cover .
Table 1 Soil‐p lant indicator selected in each grassland , per f ormance and range o f values w ith 95％ o f p robability .
Grassland Indicators ２００２ ?２００３ 换２００４ 7± SE Sign Range of Values
Silvopast‐oral

Distribution of aggregates in humidnessfrom １ to ５ mm ( ％ ) ０ 档.３８a(２５ .１) ０ 1.５４b(３９ .８) ０ �.７９c( ５８ .５ ) ０ ).０３倡倡倡
５８ d.７‐５８ .９

Value n ０ 档.３２b ０ 1.３１ab ０ �.２６a ０ (.０１ 倡
０ 6.２４‐０ .２８

Subterranean phytomass from ３５ Dry ０ 档.４１a ０ 1.６２b ０ �.７１b ０ (.０４倡倡倡
０ 6.６４‐０ .７９

to ４２ cm ( g １００ cm‐３ ) Rain ０ 档.３９a ０ 1.６８b ０ �.７０b ０ (.０４倡倡倡
０ 6.６２‐０ .７８

Density of Panicum max imun Dry ５ 档.８a ６ 1.３a ９ �.２b ０ (.０５倡倡倡
８ 6.６‐９ .５

( plant m‐２ ) Rain ６ 档.１a ６ 1.４a ７ �.８b ０ (.０４倡倡倡
７ 6.９‐９ .０

Total Biomass availability Dry ４ 档.３a ５ 1.８b ４ �.１a ０ (.０３倡倡
５ 6.４‐６ .３

( t DM ha‐１ ) Rain ６ 档.２ ６ 1.６ ６ �.４ ０ (.０７ ６ 6.０‐７ .１
Mixtureof creepinglegumes

Plasticity índex (％ ) ２７ 沣.１b ２０ _.２a ２３ 圹.３a １ ).０７ 倡
３７ d.６‐３７ .９

Distribution of aggregates inhumidness from １ to ２ mm ( ％ ) １８ 沣.０２a(８ .１) １５ _.４７b(１０ .０) ２０ 圹.０５c( １８ .５ ) ０ ).０８ 倡
３４ d.５‐３４ .６

Subterranean phytomass from ３５ Dry ０ 档.４７a ０ 1.４８a ０ �.７２b ０ (.０４倡倡倡
０ 6.６２‐ ０ .７８

to ４２ cm ( g １００ cm‐３ ) Rain ０ 档.３６a ０ 1.４０a ０ �.６６b ０ (.０３倡倡倡
０ 6.５９‐０ .７２

Legumes( ％ ) Dry ８１ 沣.８２b ８３ _.２９b ５７ 圹.９４a ０ (.０９倡倡倡
８３ d.２‐８３ .３

Rain ８４ 沣.１２c ７５ _.４２b ７７ 圹.２４b ０ (.３倡倡
７７ d.２‐７７ .３

Biomass availability Dry ２ 档.７５a ２ 1.９９b ３ �.４８c ０ (.０３倡倡
２ 6.６‐３ .４

( t DM / ha) Rain ３ 档.２３a ３ 1.９８b ４ �.５５c ０ (.０２倡倡
３ 6.４‐４ .４

倡倡倡 p ＜ ０ .００１ ; 倡倡 p ＜ ０ .０１ ; ( ) Original means ; data transformed according to √ X .Means with different letters within rows differ significantly at P ＜ ０ .０５ ( Duncan , １９５５)
Conclusions Rangeland quality and productivity can be monitored by a relatively small group of indicators . The studyalso showed that management improved grasslands productively and ecological stability .
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Effects of Haloxylon plantation on some soil characteristics and vegetation cover
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Introduction Because of its geography and frequent strong winds , about ８０ percent of Iran has dry and semiarid climates . In thisarea soil erosion and desertification threaten water and soil resources . Plantations of Haloxy lon have been established tostabilize sand dunes , reclaim degraded lands and reduce wind erosion damage in the Hossein Abad‐e‐Mishmast region of Qom
province . The objective of the research was to evaluate Haloxy lon plantation effects on soil characteristics and vegetationcover .
Material and methods Four sites were selected in each plantation and in control ( unplanted) regions . Sampling was undertakenusing a randomized‐systematic method . Three transects of length ５００ m were established in each site and １０ plots were selectedin each transect . Floristic list , cover percentage and number of plants were recorded within each plot . Also , yield , density ,frequency and species composition were determined . A soil profile was dug in each transect , and soil texture , organic matter ,electrical conductivity ( EC) , acidity ( pH ) , phosphorous , nitrogen , sodium and potassium were measured . T‐tests were usedto compare the soil characteristics between any two regions .
Results and discussion Percentage cover , yield and homogeneity of vegetation increased and species composition was better in
plantation lands than in the control regions . Also , there were significant differences between soil characteristics except forsoluble sodium . Organic matter , potassium , phosphorus and nitrogen were higher in plantation lands than in control regions .In addition , in plantation lands , alkalinity and salinity were increased more than the control region .( Table １)
Table 1 Comparison o f soil characteristics in H alox y lon p lantation regions and control regions in the Hossein Abad‐e‐
Mishmast area .
soil characteristics depth control region Haloxy lon plantation region Result
EC ds/m First ０ 拻.７０２５ ０ 揪.８５ 倡

Second ０ 拻.９０７５ １ 揪.２５ 倡倡

pH First ９ ┅.２２５ ９ 照.６ 倡倡

Second ９ 鬃.７ ９ Ё.９２５ 倡倡

Organic matter ( ％ ) First ０ 拻.５０７５ ０ Ё.６８５ 倡倡倡

Second ０ 拻.４５７５ ０ 揪.４９ 倡倡

Nitrogen ( ％ ) First ０ 拻.０７２５ ０ Ё.１１５ 倡倡

Second ０ 拻.０３５０ ０ 悙.００４５ n .s
Potassium( ppm) First ４５ 鬃.２５ ６４ 照.７５ 倡倡

Second ３６  ５１ 祆.５ 倡倡

Phosphorus ( ppm) First ５５ 鬃.１７ ６０ Ё.５３２５ 倡倡

Second ５４ ┅.５３２５ ５６ 照.０２ 倡

Sodium ( ppm) First ５５３ 3５０９ 1n .s
Second １１６４  .５０ １０１６  .７５ n .s

Conclusions Haloxy lon plantations have positive effects on some soil characteristics and microclimate of the area , increasingboth the yield and percentage of vegetation cover , and the organic matter , potassium , phosphorus and nitrogen contents of thesoil . Atkham Shoara (１９９４) and Bailey (１９７０) reported similar results . In addition , in plantation lands , alkalinity and salinitywere increased more than the control region .
ReferencesAfkham Shoara , S . , (１９９４) . Haloxylon effects on changing of plant conditions Khorasan Province , MSc thesis , University ofTehran .Bailey , A .W . , ( １９７０ ) . Barrier effect of the shrub Elaegnus commutata on grazing cattle and forage production centralAlberta .Naseri , A . , (１９９７) .Investigation of some ecological effects of A trip lex canescens on plantation areas .
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Sward allowance at early lactation of primiparous dairy cows : IV‐Body condition score and
reproductive parameters
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Introduction The resumption of ovarian cyclicity after parturition is closely related to the negative energy balance in this period ;the time to the beginning of the recovery of the energy balance is positively correlated with the time to first ovulation (Butler etal . １９８１) . The reinitiation of ovarian cyclicity was delayed in primiparous cows and this was consistent with longer intervalsfrom parturition to first service and to conception in these animals ( Meikle et al . ２００４ ) . Grazing first calving cows have adecreased reproductive efficiency , since they recover from the negative energy balance period with more difficulty thanmultiparous cows . Dry matter intake (DMI) is a main factor affecting energy balance and thus , anoestrus length . DMI under
grazing is largely determined by sward state ( Chilibroste et al . , ２００５ ) . In this study the effect of daily sward allowance on theevolution of body condition score (BCS) , postpartum anestrus length and on the diameter of the dominant follicle ( DF) wasinvestigated in primiparous cows under grazing conditions .
Materials and methods The experiment was carried out at the EEMAC Research Station , Agronomy Faculty , Uruguay ( ３０° S) .Primiparous dairy cows ( n ＝ ４４ , BW ＝ ５９５ ± ４１ kg , age at calving ＝ ２ .９６ ± ０ .１１ years and BC ＝ ３ .７ ± ０ .３ ) were blocked byBW , age and BC , and randomly assigned from calving up to ６０ days in milk to one of the following treatments ( n ＝ １１ each) :Control with a １００ ％ TMR diet ( ad libitum) and the grazing treatments , high ( HA , ３０ kg DM cow day‐１ ) , medium ( MA , １５kg DM cow day‐１ ) and low sward allowance ( LA , ５ kg DM cow day‐１ ) . The grazing treatments were supplemented with TMRto cover their maintenance requirements . All the cows were individually supplemented at １８ :００ h with a mixture of corn silage
(１０ kg ) compound feed (４ .８ kg ) and grass hay (０ .４) on a fresh weight basis . Cows were milked at ５ :００ and １６ :００ h and wereallowed to graze between ８ :００ and １５ :００ h every day on a ７‐days rotation schedule on a pasture of mixed grasses and legumes .BCS was registered weekly ( scale １ ＝ emaciated , ５ ＝ fat ) . The initiation of ovarian cyclicity after calving was determined when
progesterone plasma levels were above １ ng /ml in blood samples taken twice a week the diameter of the DF was measured ５７days postpartum by transrectal ultrasonography ( Aloka ５００ , transductor ５ MHz ) . BCS was analysed as repeatedmeasurements in time using Proc MIXED of SAS v . ８ . The length of postpartum anestrus and the diameter of the dominantfollicle were estimated by Proc GLM ( SAS) and the probability of reinitiation of ovarian cyclicity by Proc Genmod ( SAS) .
Results and discussion Even if all cows lost BCS during the experiment , the control group presented significantly higher BCS (３ .
３３ ± ０ .０４) than HA group ( ３ .１８ ± ０ .３ ) , which in turn was higher than MA and LA groups ( ３ .０５ ± ０ .０３ y ３ .０７ ± ０ .０３respectively ) . T reatment was highly correlated with BCS at the time of reinitiation of ovarian cyclicity ( r ＝ ‐０ .６１ , p ＜ ０ .０００１) ,and BCS at this time was inversely associated with the length of postpartum anestrus ( r ＝ ‐０ .３９ P ＝ ０ .０１ ) . Thus , cows withhigher BCS presented shorter intervals calving to first ovulation . T reatment effect did not reached significance on postpartumanestrus length , values for Control , HA , MA and LA groups were ( days) : ２９ ± １４ , ２９ ± １４ , ３０ ± １５ , y ３４ ± １７ respectively .The DF diameter on ５７ days popsartum was lower in LA group than for the HA , MA and control group (９ .３３ vs １４ .４ , １４ .６and １２ .８ mm respectively p ＝ ０ .０１) . The diameter of the DF was also correlated with the loss of BCS during the first ３０ dayspostpartum ( r ＝ ‐０ .５４ P ＜ ０ .００１ ) : cows that lost less BCS presented a larger DF .
Conclusions The different sward allowance determined distinct energy balances that were reflected in the BCS , which in turnwas related with the reproductive parameters measured in this study .
ReferencesButler , W .R . , Everett , R .W . , Coppok , C ,E , , ( １９８１ ) . The relationships between energy balance , milk production andovulation in postpartum Holstein cows . J A nim Sci ５３ ７４２‐７４８ .Chilibroste , P . , Gibb , M . J . , Tamminga , S . , ( ２００５ ) . Pasture characteristics and animal performance . In : Dijkstra , J . ,Forbes , J ,M . , France , J . , Quantitative A spects o f Ruminant Digestion and Metabolism , CAB International , ６８１‐７０６ .Meikle , A . , Kulcsar , M . , Chilliard , Y . , Febel , H . , Delavaud , C . , Cavestany , D . , Chilibroste , P . , ( ２００４ ) . Effects ofparity and body condition at parturition on endocrine and reproductive parameters of the cow . Rep roduction . １２７ : ７２７‐７３７ .
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Change of regrowth of Seripidium transiliensis Poljak . in different grazing disturbance
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Introduction Seriphidium transiliense , super xerophyte semi‐shrub , whose distribution center in Xinjiang of China ( Lin , et al ,
１９９１ ) , was widely distributed ５００ ～ １５００ m above sea level in north Xinjiang , and was constructive species of desert and desertsteppe communities . The S . transiliense desert was not only the important spring‐autumn pasture in Xinjiang , but also theserious degenerate pasture . In order to establish reasonable grazing intensities , the change of regrow th of S . transiliense werestudied .
Materials and methods The study site was located low mountain of north slope of Bogeda mountain in Urumqi , Xinjiang ( E８７°
４６′ ～ ８７°４７′ , N４３°４９′ ～ ４３°５３′ , ８４０ ～ １１１０ m above sea level , annual mean temperature is ６ .４ ℃ , rainfall is ２３６ mm ) .Simulated grazing treatments were initiated on １ of April to １ of June in ２００６ . Four grazing intensities were designed , namelylight grazing ( mowing with stubble height of ５ cm , LG) , moderate grazing ( mowing with stubble height of ２ cm , MG) , heavygrazing ( mowing with stubble height of ０cm , excluding lignified old stem , HG) , extreme grazing ( mowing with stubble heightof ０cm , including lignified old stem , EG ) . Each plots of simulated grazing intensities were １ m２ , replicate ５ . Dry weight ,regeneration height of S . transiliense and density of community was measured in all experiments every １５d . Analysis ofvariance ( ANOVA) was performed for differences through Duncan .
Results and discussionDry weight of S . transiliense under different grazingintensity was showed in Table １ . The dry weight of S .
transiliense had significant difference among four grazingintensities( p ＜ ０ .０５ ) and the order was �EG ＞ HG ＞ MG ≈LG�( Table １ ) . The dry weight on EG , HG was higher( compared with MG , respectively significant increase of
８８０％ , ４７４％ ) , but it was unadvantageous to the continualutilization of S . transiliense desert .

Table 1 Dry weight o f S . transiliense under di ff erent
graz ing intensities ( g /m2 ) .
T reatment Date of grazing ( day /month)

１ /４ 屯１５ /４ v１ /５ 哪１５ /５ n１ /６ 技
LG ０ q.５７c ２ 祆.５０c １ h.６７c ８ 滗.６６c ２１ 帋.１９c
MG ３ q.６３c ９ 祆.９４c １０ 枛.７８c ２０  .３７c ３２ 帋.９０c
HG ６８ 煙.２３b ８３  .９３b ５４ 枛.６７b ８２  .８８b ５６ 帋.７１b
EG １６５ 屯.０a １２１ H.６a １１２ 哪.４a １２９ @.２a １１４ 技.９３a

Regeneration speed of S . transiliense appeared similar �para‐bola�trend with the increase of grazing intensity , and the highestwas at MG ( Figure １ ) , which indicated that moderate grazing could promote the vegetative grow th of forage ( Yang , et al ,
２００５ ; Wu , et al , ２００５) . Compared with that of between １５th April and １st May , Regeneration speed of S . transiliense between
１
st May and １５th May on LG , MG , HG , EG respectively increased ８２％ , ２１％ ,４９％ ,２３２％ , which was possibly correlative totemperature and rainfall .
Grazing intension had a little effect on the species of S . transiliense desert , and the density of subordinate grass increased withgrazing intensity . After grazing on １５th May , the density of S . transiliense on LG , HG , EG decreased ２６ .７６％ , ２２ .７５％ , ８２ .
０３％ , but that increased １２ .２１％ on MG ( Figure ２) , as further indicated MG was fit to the continual development of desert .

Figure 1 Di ff erent regeneration speed
af ter simulate graz ing .

　 　 　 　 　 　

Figure 2 Density o f S . transiliense
contrust be f ore and af ter graz ing .

Conclusions Compared with dry weight , regeneration speed of S . transiliense , density and species of community among fourgrazing intensities , moderate grazing was propitious to the continual development of S . transiliense desert pasture .
ReferenceLin You‐run , (１９９１ ) . Flora Reipublicae Popularis Sinicae ( vol . ７６) . Beijing : Science Press , ２６１ .
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Different grazing manner effects on ecological indicators of the typical steppe vegetation in
Mongolia plateau
Bao x iux ia , Y i Jin , W uren qimuge ,L ian yong ,Su buda
College o f A gric , Inner Mongolia A gric . Univ . , H uhhot , Inner Mongolia 010018 P .R . .China .E‐mail :yi j in＠ 163 .com

Key words : grazing system ,ecological indicators ,typical steppe
Introduction Study on nomadic civilization grazing principle and modern technology , rotational grazing system are better thanthose with the continuous grazing in Mongolian plateau . Ecological indicators ( the height , the cover degree and the importancevalue) are higher than those continuous grazing ( Savory １９８０) . In this study , we mainly selected Dong wu county typical steppeInner Mongolia . As a result show that require grassland vegetation ecological indicators in typical steppe have a difference .Rotational grazing system have well impression about ecology protection , how to establish rational grazing and distributesystem , Suggestions for further study are discussed .
Materials and methods Taking Mongolia plateau vegetation ,mainly investigated places are Dong Wu town Inner Mongolia typicalsteppe(４５°２７′N ,１１７°０４′E) and Su He Bater province Mongolia typical steppe( ４５°４４′N ,１１５°４３′E) . In this study , we mainlyused herd family with starting point and line out three string , every line angle is １２０ .We selected ３ to ５ target point ,target
point area is １x１m２ and we determine vegetation ecological indicators in the target point . The data were analyzed using SPSS１３ .
０ .
Results Stip a kry lov ii is mostly genus in the typical steppe , the following result is ecological indicators of Stipa kry lov iisteppe .
Table1 Comparing ecological indicators o f Stipa krylovii ty p ical steppe in two countries .

EcologicalIndicators
grazing system

height( cm) coverage( ％ ) ) Important value
average( Std . Deviation) average( Std . Deviation) average( Std . Deviation)

Mongolia( nomadic grazing) ９ �.０( ３ .１６) a ９  .８３(６ .６８) a ５０ 殮.６２(２２ .７８) a
Inner Mongolia
( consecutive grazing ) ５ 邋.８３(１ .４７) b ３  .７６(１ .５４) a ２５ 殮.６３(１８ .１４) a
Explain : different letters indicate significant differences at P ＜ ０ .０５ level .
Conclusions The result show that Mongolia( nomadic grazing ) Stipa kry lov ii higher than Inner Mongolia( consecutive grazing ) .Across One‐way ANOVA , vegetation height exist significantly difference ( P ＜ ０ .０５ ) , coverage and important value are nosignificant difference . We concluded that nomadic grazing Mongolia for vegetation resumption has better effect than consecutive
grazing Inner Mongolia .
ReferencesSavory A , Parsons L D . The savory grazing method[ J] .Rangelands , １９８０ , ２ : ２３４ .COUPLAND R T . Grassland ecosystems of the world : Analysis of grasslands and their uses [ M ] .London : CambridgeUniversity Press . １９７９ .LONG R J .DONG SH K .HU Z ZH .Grassland degradation and ecological restoration in western China [ J ] .Grassland and

Tur f ,２００５ , ６ :３‐７ ( in Chinese) .
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Effect of management on the productivity of chloris gayana in the rangelands of uganda
Bwengye , B . G . , Sabiiti , E .N , G rimaud , P .
Faculty o f A griculture Makerere University P .O Box 7062 , K ampala , Uganda

Key words :Rangeland , Chloris gayana , management , herbage
Introduction The productivity of Chloris gayana is affected by several factors , especially weeds in the degraded rangelands ofUganda where most grasses are native and have been overgrazed ( Sabiiti et al . ２００４ ) . The major weeds are Tagetes minuta ,
Cymbopogon af ronardus , L antana camara and Imperata cy lindrica which affect the grow th and development of Chloris
gayana in the cattle corridor , in Mbarara District , Uganda in the rangelands . The aim of the study was to find out the extentto which these weeds affect the productivity ( seed yield and herbage) of C .gayana under rangeland conditions .
Materials and methods An experiment with several treatments ( no weeding , weeding , and shade , late planting ) was conductedin Kazo County in Kiruhura District in order to find the effect of management on the productivity of C . gayana in therangelands of Uganda . Data on seed yield and dry matter yield of C .gayana were determined . These were considered criticalparameters and would reflect the grow th and development of the grass under study .
Results and discussion The results of seed yield and herbage production are presented in Figure １ and Table １ , respectively .It isvery clear that a treatment with two weeding significantly produced more seeds than all other treatments and this was also truewith herbage yield in Table １ . There appears to be a relationship between herbage production and seed yield . The majority of
pastoralists in this cattle corridor do not mange their pastures and take them granted and it is not surprising that large areashave been overgrazed and invaded by weeds ( Mugasi et al . , ２０００) .

Table 1 Mean Herbage dry matter (DM ) K g/ ha .
T reatment Measurement ( KgDM / ha)
１
st weeding ４ ,２６３  

２
nd weeding ７ ,３５０  
Not weeded １ ,０２０  
Grown under tree shade ６２２ 後
Late planting ２ ,２０５  

Conclusions The productivity of C .gayana is enhanced by proper management and weeding more than anything else producesthe best performance of the grass species in these rangelands to replace native grasses which are less nutritious . Pastoralistsneed to be advised that pastures require care if they have to remain productive .
ReferencesMugasi , S .K . , E .N . Sabiiti and B . Tayebwa , (２０００) . The economic implications of bush encroachment on livestock farmingin rangelands of Uganda . A gric . J . Range and Forage Sci . １７ (１ ,２ & ３ ) . ６４‐６９ .Sabiiti , E .N . , D . Mpairwe , M .S . Rwakaikara and S . Mugasi (２００４ ) . Restoration of degraded natural grasslands to enhancesoil fertility , pasture and animal productivity . Uganda Journal o f A gricultural Sciences ９ : (１ ) ４６６‐４６９ .
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Sward allowance at early lactation of primiparous dairy cows : I‐Milk yield and composition
Chilibroste1 , P . , Mattiauda1 , D .A . , Soca1 , P . and Meikle2 , A .1 EEMAC , Facultad de A gronomí a , Ruta 3 km 363 , CP
60000 , Paysandú , Uruguay . E‐mail :pchili＠ adinet .com .uy , 2 L aboratorio de Técnicas Nucleares , Facultad de Veterinaria

Key words : grazing , sward allowance , early lactation , primiparous dairy cows
Introduction Grazing the whole year round represents the dominant feeding system in Uruguayan dairies . The inter‐relationshipbetween pasture and the grazing ruminant is a dynamic , two‐way process . The quantitative , qualitative and structural aspectsof the different plant species present in the pastures influence the plant material ingested by the animal , which in turn modifiesthe plants remaining and their subsequent production and fate ( Chilibroste et al . , ２００５ ) . Farm surveys carried out at dairyfarms in Uruguay have shown that individual milk production levels are under the breed milk production potential , specially infirst lactation dairy cows (Chilibroste et al . , ２００４) . This experiment was carried out to understand the impact of daily swardallowance on milk production and composition of early lactation first calving dairy cows grazing temperate pastures .
Materials and methods The experiment was carried out at the EEMAC Research Station , Agronomy Faculty , Uruguay ( ３０° S) .Primiparous dairy cows ( n ＝ ４４ , BW ＝ ５９５ ± ４１ kg , age at calving ＝ ２ .９６ ± ０ .１１ years and BC ＝ ３ .７ ± ０ .３ ) were blocked byBW , age and BC , and randomly assigned from calving up to ６０ days in milk to one of the following treatments ( n ＝ １１ each) :Control with a １００ ％ TMR diet ( ad libitum) and the grazing treatments , high ( HA , ３０ kg DM cow day‐１ ) , medium ( MA , １５kg DM cow day‐１ ) and low sward allowance ( LA , ５ kg DM cow day‐１ ) . The grazing treatments were supplemented with TMRto cover their maintenance requirements . All the cows were individually supplemented at １８ :００ h with a mixture of corn silage
(１０ kg ) compound feed (４ .８ kg ) and grass hay (０ .４ kg) on a fresh weight basis . Cows were milked at ５ :００ and １６ :００ h andgrazed between ８ :００ and １５ :００ h on a ７‐days rotation schedule for each individual treatment a pasture of Tall fescue ( Festuca
arundinacea) , Birdsfoot trefoil ( Lotus corniculatus ) and White clover ( T ri f olium repens ) . Sward mass before and after
grazing was estimated with a rising plate meter ( ASHGROVE) using the double sampling technique ( Haydock and Shaw ,
１９７５) . Individual milk production was recorded daily while milk samples were taken during ４ milking each week and onerepresentative weekly milk sample was analysed for protein , fat and lactose with a milko‐scan ( Foss Electric 棆 , １３３b) . Milk
yield and composition were analysed as repeated measurements in time using Proc MIXED of SAS v . ８ .
Results and discussion Mean sward availability during the experiment was ２７５０ ２７５ kg DM . Sward utilization was ４７ , ６１ and ７３
％ of the allowed sward mass for HA , MA and LA , respectively . The average daily production differed ( p ＜ ０ .０１ ) amonggroups , being highest in the Control group (２６ .１ ± ０ .３７ L) , HA group ( ２４ .１ ± ０ .３３ L ) , followed by MA ( ２２ .９ ± ０ .４２ L )and LA (１８ .９ ± ０ .４２ L ) . Both milk protein and fat content decreased with days in milk . Milk protein content ( g / kg ) wassignificantly higher for the control group (３ .３１ ± ０ .０４９) but did not differ among grazing treatments , while protein yield ( kg .cow .day‐１ ) was significantly higher for HA (０ .７４ ± ０ .０１９) and MA ( ０ .６９ ± ０ .０２４ ) than LA ( ０ .５６ ± ０ .０２３ ) . The oppositetrend was observed for fat content , control group had less fat percentage , and no difference were found among grazing groups .As expected , fat yield ( kg cow day) was significantly lower for LA group (０ .８９ ± ０ .０４) than for HA (１ .０６ ± ０ .０３) and MAgroups (１ .０１ ± ０ .０４) , ( p ＜ ０ .０１) .
Conclusions Sward allowance positively affected milk‐yield of early lactation primiparous dairy cows although not enough toattain the production level of a １００％ TMR feeding system (Control group) . Milk response to sward allowance was ０ .５１ L perextra kg DM when the daily allowance moved from LA to MA . Differences in milk components concentrations like fat and
protein were less evident among grazing treatments although fat and protein milk yield were depressed in the LA treatment .Cows in the control group (１００ ％ TMR) were able to combine higher levels of milk production and protein content than the
grazing treatments irrespective of sward allowance .
ReferencesChilibroste , P . , Gibb , M . J . , Tamminga , S . , ( ２００５ ) . Pasture characteristics and animal performance . In : Dijkstra , J . ,Forbes , J ,M . , France , J . , Quantitative Aspects of Ruminant Digestion and Metabolism , CAB International , ６８１‐７０６ .Chilibroste , P . , Ibarra , D . , Laborde , D . , ( ２００４ ) . Producción de leche y alimentación :Resultado del relevamiento de ３７

predios comerciales durante el período abril noviembre del (２００３) . In f orme f inal ２００３ , ４‐１９ .Haydock , K .P . , Shaw , N .H . , (１９７５) . The comparative yield method for estimating dry matter yield of pasture . A ustralian
Journal o f Ex perimental A griculture and A nimal Husbandry １５ , ６６３‐６７０ .
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Sward allowance at early lactation of primiparous dairy cows : II‐Ingestive behaviour
Chilibroste , P . , Carballo , C . , Mattiauda , D . A . , and Soca , P .
1 EEMAC , Facultad de A gronomí a , Ruta 3 km 363 , CP 60000 , Paysandú , Uruguay . E‐mail : pchili＠ adinet .com .uy

Key words : sward allowance , ingestive behaviour , early lactation , primiparous dairy cows
Introduction Grazing the whole year round represents the dominant feeding system in Uruguayan dairies . The negative energybalance that occurs during the transition period in dairy cows is more severe in primiparous cows ( Meikle et al . ２００４ ) . Themain factor affecting the negative energy balance is dry matter intake ( DMI) which under grazing is largely determined bysward state ( Chilibroste et al . , ２００５) . We are not aware of plant‐animal interface studies involving early lactation primiparousdairy cows under grazing . This experiment was carried out to understand the impact of daily sward allowance on ingestivebehaviour at early lactation of first calving dairy cows grazing temperate pastures .
Materials and methods The experiment was carried out at the EEMAC Research Station , Agronomy Faculty , Uruguay ( ３０° S) .Primiparous dairy cows ( n ＝ ４４ , BW ＝ ５９５ ± ４１ kg , age at calving ＝ ２ .９６ ± ０ .１１ years and BC ＝ ３ .７ ± ０ .３ ) were blocked byBW , age and BC , and randomly assigned from calving up to ６０ days in milk to one of the following treatments ( n ＝ １１ each) :Control with a １００ ％ TMR diet ( ad libitum) and the grazing treatments , high ( HA , ３０ kg DM cow day‐１ ) , medium ( MA , １５kg DM cow day‐１ ) and low sward allowance ( LA , ５ kg DM cow day‐１ ) . The grazing treatments were supplemented with TMRto cover their maintenance requirements . Cows were milked at ５ :００ and １６ :００ h and were allowed to graze between ８ :００ and
１５ :００ h every day on a ７‐days rotation schedule on a pasture of Tall fescue ( Festuca arundinacea) , Birdsfoot trefoil ( Lotus
corniculatus ) and White clover ( T ri f olium repens ) . Each treatment was placed on independent plots . On experimental weeks
２ , ４ , ６ and ８ each treatment was observed during three alternate days every １５ minutes and the number of cows grazing ,ruminating or in other activities recorded . The same weeks during three intervening days ４ individual cows of each treatmentwere observed every １０ minutes and the observed activities ( grazing , ruminating , others) recorded . Probability for differentactivities were analyzed with a General Lineal Model as repeated measurements in time ( GENMOD of SAS v . ８) while bite ratewas analyzed as repeated measurements in time using Proc MIXED of SAS v . ８ .
Results and discussion Bite rate tended to be lower ( p ＜ ０ .１) in LA treatment (２４ .１ bites /minute) when compared with HA andMH ( ２６ .８ bites /minute) . Allocation of time on grazing activities increases significantly ( p ＜ ０ .０１ ) w ith days in milk . Themean values for grazing activities on days １４ , ２８ and ５０ were ５７ , ６４ and ７１ ％ , respectively . During the first moth of lactation
primiparous dairy cows expend half of the allowed grazing time on grazing activities irrespectively of sward allowance , whichsuggest a strong physiological control on grazing time . Bite rate increased significantly ( p ＜ ０ .０１ ) w ith days in milk . Meanvalues for bite rate during days １４ , ２８ and ５０ were ２１ .５ , ２９ .２ and ３８ .３ bites/minutes , respectively .
Conclusions Primiparous dairy cows require at least ４ to ６ weeks to exhibit regular values for grazing time allocation and intakerate . This trend although non independent from sward condition is mainly driven by day in milk which suggests a strong
physiological feedback regulating DMI under grazing conditions for primiparous dairy cows .
ReferencesChilibroste , P . , Gibb , M . J . , Tamminga , S . , ( ２００５ ) . Pasture characteristics and animal performance . In : Dijkstra , J . ,Forbes , J ,M . , France , J . , Quantitative A spects o f Ruminant Digestion and Metabolism , CAB International , ６８１‐７０６ .Meikle , A . , Kulcsar , M . , Chilliard , Y . , Febel , H . , Delavaud , C . , Cavestany , D . , Chilibroste , P . , ( ２００４ ) . Effects ofparity and body condition at parturition on endocrine and reproductive parameters of the cow . Rep roduction . １２７ : ７２７‐７３７ .
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Monthly activity centres of african elephants in a small game reserve
X iaohua Dai1 ,2 A nd Kev in Du ffy 1
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Introduction Due to habitat heterogeneity and environmental variation , the home range and habitat utilization of Africanelephants varies in different years and different seasons , not only in large protected areas but also in small reserves ( Shannon etal . , ２００６) . Although there are many studies on seasonal changes of elephant home ranges , no articles on finer temporal shif tswithin elephant home ranges are published . Monthly movement rhythms should provide more detail on elephant foraging and itsimpacts and help the conservation and management of both elephants and their habitats , especially in small reserves .
Materials and methods Radio and satellite collars on the elephants were fitted by a veterinary surgeon in a humane manner , andin accordance with laws governing animal anticruelty in South Africa . All elephant locations were projected into UTM １９８３

( Zone ３６) datum . Since the datasets are sampled differently , the analyses include only the first daily location and separated bysex . Using these data , monthly harmonic mean centres of elephants were determined using ArcView Animal Movement AnalystExtension ( the number of divisions of the X axis : １００) .

　 　 Figure 1 Generalised cadence o f elephant monthly harmonic mean centres o f activ ity .

Results For both bulls and cows the elephants are more active in the northern PGR , compared with oscillations to other regionsin other months . These monthly regional preferences are generally consistent across years and a generalised cadence pattern isgiven in Figure １ . For bulls the monthly cadence in activity is primarily between the northern PGR and the high maruladensities area . The cow herd activity oscillates between the northern region and the southern PGR . These patterns of activityare partly disrupted in the dry months i .e . activity centres are more widely distributed . In February both bulls and cows arefound in the central part of the PGR which appear to relate to the marula distribution area ( Figure １ ) . For the months adjoiningmonths January and March they are in the north . From late April or May , elephant activity centres shif ted from the north .From September or October when the first spring rains fell elephant activity centres shif ted back to the north ( Figure １) . Bulland cow activity centres were only close together in the wet season from November to February ( Figure １) .
Conclusions Our results show that elephant activity over that period had similar month‐by‐month rhythms in different years ,which appeared to be related to rainfall , vegetation , distribution of cow herd , marula ( Sclerocarya birrea ) f ruiting andhunting . Food appears to play an influencing role in the elephant movements . Monthly activity centres of both bulls and cowswere more widely distributed in the dry months than in the wet months . Bulls keep relatively close to the herd only in very wetmonths . There is a close association between fruiting of marula and the distribution of elephants in February . Rainfall appearsto have an indirect but influencing impact on elephant ranging behaviour . Knowledge of elephant monthly movements is notonly helpful for the design of suitable management strategies but could be used for the estimation of minimum size for a smallreserve .
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Effects of livestock grazing on soil moisture and rangeland vegetation cover in upland grasslands
of Iran
Fazel Amiri1 , M . Farahpour2 ,Sh . Fadai3
1 Faculty Member o f Islamic A z ad University Busheher Branch , I ran . E‐mail : f amiri＠ na .iut .ac .ir .2 A ssist . Pro f . o f
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Introduction Soil moisture holding capacity plays an important role on vegetation establishment and grow th in rangelands .
Rangeland plants are grazed by livestock and in the mean time soil surface gets compacted which adversely affect soil
infiltration . In the most of cases the present range condition is the result of the previous management applied ( Ferrero , １９９１) .Thurow et al . ( １９８６) indicated that the biomass of the available vegetation plays an important role in soil infiltration rate ofrangeland . The short and long term grazing period impacts on infiltration rate of the soil in rangelands was investigated by
Weitz and Wood (１９８６) .
Materials and methods The experiment was conducted in Hanna Station rangeland located in northeastern part of Isfahan , Iran
The experiment was carried out for two years (２００４ and ２００５ ) . Soil moisture holding capacity and vegetation cover dynamicswere measured in three rangeland sites of heavily grazed ( critical area) , moderately grazed ( key area) and not grazed ( reference
area) . Soil moisture was measured ( standard method) on monthly basis ( early May to early September) and Vegetation cover
as well as infiltration rate ( double ring methods ) were measured at the start ( early May ) and the end of the grazing season
( early September) . All the measurements were repeated for two years ( ２００４ and ２００５ ) . T reatments were arranged in split
plots in time and location and the data were analyzed using Completely Randomized Block Design with four replications .

　 　 Figure 1 Meansoil moisture varlation during
graz ing season in di f f erent range sites in 2004
and 2005 .

Results and discussion The infiltration rate followed a decreasing trend
from early grazing to season ( early May ) to the end of the grazing
season ( early September) ( Table １ ) . The average vegetation cover inreference area was ６７ .２％ in early May which more than half of it (３７ .
６％ ) belonged to cool season grasses and the rest was occupied by forbs
( Table １) . By the end of the grazing period the grass component of thevegetation in all sites significantly decreased . The percent of bare
ground in key and critical area in early May was ２４ .８％ and ７７ .５％ ,
which increased to ６０ .３ and ９２ .６％ , respectively . The higher organic
matter in reference ( ３ .９％ ) and key ( ３％ ) areas compared to criticalarea ( １ .７％ ) well explains the better ability of soil in these sites tostore more moisture during grazing season . The adverse impact of early
and high intensity grazing on organic matter content of the soil was
indicated by Naeth et al . ( １９９１ ) . There is a significant relationbetween increased livestock trampling and decreased soil infiltration as
well as increased soil compaction ( although is not linear) . The trend of
soil moisture decrease through grazing season was slower ( ０ .７％ /
month) in top soil (０‐１５ cm) compared to lower layer of １５‐３０ cm (１ .２％ ) . The higher organic matter content in upper layer ofthe soil profile well defines its better moisture holding capacity ( Figure １) .
Table 1 Mean vegetation composition ( percentage ) and in f iltration rate (mm/minute ) o f rangeland under di f f erent long
term graz ing intensities .

Rarge site

Grazing period
May Septenmber

Vegetation composition Measuring time Vegetation composition Measuxing time
１  ５ 揶１０ 葺３０ 父６０ 摀９０ n１  ５ 後１０ 噜３０ 技６０ 棗９０ r

Grass
％

Forbs
％

Litler
％

Bare
ground％ infiltration ratel ( mm/minute) Grass

％

Forbs
％

Litler
％

Bare
ground％ infiltration ratel ( mm/minute)

Reference area３７ �.６ ２９ [.６ ２５ 6.１ ７ 眄.７ １９ &７ 揶４ 构３ 敂.５ ３ o２ J.５ ９ _.５ ９ ;.６ ７３ :.６ ７ 耨.３ １１ *６ 後４ 技３ 槝.５ ２ s.５ ２ N
Key area １６ �.５ ３８ [.８ １９ 6.９ ２４  .８ １２ &３ 揶.５ ２ 构.５ ２ 敂２ o２ J１０ 儍２８ _.２ １０ :.５ ６０  .３ ９  .５ ５ 後.８ ３ 技.５ ２ 槝.５ ２ s２ N
Critical area １ \.０ １６ [.３ ７  ７７  .７ １１ &３５  ３ 构１５ 父１ o０ J.５ １ _.０ ３ ;.６ ３  .３ ９２  .６ ９  .５ ４ 後２ 技.９ ２ 槝１ s.８ １ N.５
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Effects of supplemental feed and white‐tailed deer density on vegetation
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Introduction Southwestern Texas is at the xeric edge of the range of white‐tailed deer ( Odocoileus v irginianus ) in NorthAmerica . Land managers commonly provide dry , pelleted feeds to increase white‐tailed deer nutritional status . Provision ofpelleted feeds may alleviate constraints on foraging time , enabling herbivores to selectively feed on the most palatable plants ,potentially resulting in habitat degradation ( Murden and Risenhoover １９９３ ) . We tested the hypothesis that compared to nosupplemental feeding , provision of pelleted feed results in habitat degradation . We predicated an interaction between increasingdensity of white‐tailed deer and feeding treatment , in which high density and supplemental feeding reduces canopy cover offorbs and shrubs eaten by deer and reduces forb species richness compared to low density and no supplemental feeding .
Materials and methods The experimental design was a randomized , complete‐block with a block at each of ２ locations ３７ kmapart . Two ４８６ ha sites were subdivided into six ８１ ha paddocks separated by ３ .１ m tall fences . Pelleted feed ( ～ ２０％ crudeprotein) was randomly assigned to ３ of the ６ paddocks at each location . In ２００４ , １０ ,２５ , or ４０ white‐tailed deer were randomlyassigned to an enclosure with pelleted feed provided ad libitum and an enclosure with no pelleted feed . Twenty ５０‐m transectswere randomly established within each enclosure . We estimated canopy cover of forbs and shrubs and forb species richnessduring summer ２００４‐２００７ . Plants palatable to deer were determined in bite count experiments . Data were analyzed usingrepeated measures analysis of variance with the difference between mean canopy cover and species richness from ２００５‐２００７ andthese values on the initial sampling date as the dependent variables . Supplemental feeding treatment , white‐tailed deer density ,and the feeding x density interaction were independent variables .
Results There was no treatment x density interaction ( P ＞ ０ .０５) for any of the dependent variables . Canopy cover of palatableforbs declined about ４％ in paddocks with no supplemental feed , averaged across sampling dates and densities , but did notdecline relative to canopy cover at the beginning of the study in paddocks with supplemental feed ( Figure １ ) . Differences incanopy cover of shrubs and forb species richness between ２００５‐２００７ and ２００４ were similar ( P ＞ ０ .０５ ) between feedingtreatments ( Figure ２) . None of the dependent variables differed significantly ( P ＞ ０ .０５ ) among white‐tailed deer densities ,averaged across feeding treatments and sampling dates .

Figure 1 Di ff erence in canopy cover o f p alatable
f orbs and hal f shrubs between the mean o f the
subsequent samp ling dates and the initial samp ling
date , averaged across densities .

　 　 　

Figure 2 Di ff erence in herbaceous species
richness between the mean o f the subsequent
samp ling dates and the initial samp ling
date , averaged across densities .

Conclusions In contrast to our hypothesis , supplemental feeding appeared to alleviate foraging pressure on palatable forbs . Ourresults should be considered preliminary because extreme annual variation in rainfall may have ameliorated impacts ofsupplemental feed and white‐tailed deer densities on vegetation .
Acknowledgment Research supported by T . Dan Friedkin , Comanche Ranch , The Neva and Wesley West Foundation , FaithRanch , Stuart Stedman , Houston Safari Club , and the Houston Livestock Show and Rodeo . Assistance of Will Moseley , KentWilliamson , Matthew Moore , and other students is gratefully acknowledged .
ReferenceMurden , S . B . and K . L . Risenhoover ( １９９３ ) . Effects of habitat enrichment on patterns of diet selection . Ecological

A p p lications ３ , ４９７‐５０５ .
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Correlations between soil properties and plant growth for special synthetic soils added with five
components used in high‐and‐cut rock slopes
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Introduction It is well known that the outside soil spray seeding ( OSSS) is most effective among the various techniques used forre‐vegetation of bare rock slopes because of its high mechanization , high efficiency and fast restoration ( Albaladejo‐Montoro ,
２０００ ) . However , the study by Esther (２００４) showed that though OSSS behaved well on the low and gentle rock slopes whosegradients are less than ４５° , it was not effective on high‐and‐cut rock slopes . Previous studies on OSSS were mainly focused onthe improvement of engineering techniques ( Fowler and Maddox , １９７４ ; Carr and ballard , １９８０ ) . However , the physico‐chemical and biological properties of the soils after adding different components used for OSSS remain less known . Therefore ,we designed a few synthetic soils with five variables by using an orthogonal array method to study the properties of the specialsynthetic compound soils .
Materials and methods Twenty‐five treatments were assigned to tray‐planted (４０ cm × ３０ cm × １５ cm) experiments by using anorthogonal array design OAD２５ (５５ ) matrix with five levels for each factor and five replicates for each treatment . Italian ryegrasswas selected as the tray‐planted species to assess the status of plant grow th . Soil samples for each treatment were collected byusing soil core rings (３０ mm in diameter and ５０ mm in length) . In the experiment , plant biomass , soil pH , organic carbon ,total nitrogen and phosphorus and soil invertase activities were used as response functions , respectively .Plant biomass wasdried at ６５ ℃ to constant weight and expressed on a weight basis . Above ground biomass was measured with the clippingmethod at plant maturity and below ground biomass was measured with the washing method . PH was measured by Glasscalomel Electrode ( Smith and Doran , １９９６) . Organic carbon was measured by the methods of Mebius (１９６０) . Total nitrogenand phosphorus were determined by the methods of Bremner and Mulvaney (１９８２) . Enzyme activities were analyzed using themethod of Schinner and Mersi (１９９０) . The Pearson摧s correlation coefficient was used to quantify the strength of relationshipsexisting among all the indices .
Results The r‐matrix showed that most indices exhibited high and significant relationships between plant grow th , soil physico‐chemical and biological properties at all concentrations of the five application factors . The plant biomass showed highlysignificant and positive correlations with invertase as well as negative correlations with soil pH , total nitrogen , and total
phosphorous . These results indicated that the high pH and the too much soil available fertilizers have hurt plant grow th .Considering the correlations between soil physico‐chemical and biological properties , soil pH was negatively and significantlycorrelated to invertase activity , whereas organic carbon was positively and significantly correlated with invertase activity , whichsuggested that the effects of soil physico‐chemical properties on soil enzyme activities were significant .
Discussion From the results , we can see that the addition of five amendments significantly affected plant grow th and soil
physico‐chemical and biological properties .
ReferencesAlbaladejo‐Montoro ,J . ,Alvarez‐Rogel ,J . ,Qurerjeta ,J . ,Díaz ,E . ,Castillo ,V . ,(２０００ ) . Three hydro‐seeding revegetationtechniques for soil erosion control on anthropic steep slopes . L and Degrad . Dev . １１ , ３１５‐３２５ .Esther , B . , Patricio , G .F . , ( ２００４ ) . Factors controlling vegetation establishment and water erosion on motorway slopes inValencia , Spain . Restor . Ecol . １２ , １６８‐１７４ .Fowler , D . K . , Maddox , J . B . , (１９７４) . Habitat Improvement Along Reservoir Inundation Zones by Barge Hydroseeding . J .

Soil W ater Conserv . ２９ , ２６３‐２６５ .Smith , J . L . , Doran , J . W . , ( １９９６ ) . Measurement and use of pH and electrical conductivity for soil quality analysis . In :Doran , J .W . , Jones , A .J . ( Eds .) , Method . A ssessing Soil Qual .WI . , pp . １６９‐１８５ .
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Grazing and drought interactively influence total plant density
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Introduction Great changes have taken place in vegetation in Inner Mongolian steppe due mainly to overgrazing in the past fourdecades . Overgrazing and N losses in combination with altered soil physical parameters and water availability further have beenshown to exert strong impact on plant productivity , total density and height ( Cingolani et al . , ２００５ ) . In addition to grazingdisturbance , drought also can significantly affect species height and density due to different drought resistant or tolerant ability .However , drought and grazing always interactively influence the ecosystem processes in grazing ecosystems .
Material and methods Our experiment was conducted at one site protected from grazing since １９７９ ( UG７９) , at one moderatelygrazed ( MG) and one heavily grazed ( HG ) site in Inner Mongolian steppe . At peak biomass time in ２００４ , ２００５ and ２００６ ,
plant material of １ m x １ m ground area was cut with grass shears down to the soil surface at these three experimental sites . １０replications were done in each site . Additionally to the number of species , height , number of tillers and number of individualswere recorded before harvesting .
Results There was no significant interaction of plant height between grazing and year ( P ＜ ０ .００１ ) ( Table １ ) . Plant heightdecreases with increasing grazing intensity . Plant height has no significant difference in two dry years ２００５ and ２００６ . Grazingand year interactively affect total plant density ( P ＜ ０ .００１ ) ( Figure １ ) . In all three years , total plant density was highest atsite HG and lowest at site UG７９ and was higher in ２００４ than in ２００５ and ２００６ .

　 　 Figure 1 Total p lant density at three di ff erently managed sites . Symbols are as Table 1 .

Table 1 The average height o f community (cm) at di f f erently managed sites . Signi f icant di f f erences between graz ing and
years are indicated by di f f erent small and cap ital letters , respectively .

Sites ２００４ *２００５ 媼２００６ lAverage
UG ３１ N.０ ２５ /.０ ２２  .７ ２６ 挝.２ a
WG ２９ N.３ ２０ /.６ ２３  .１ ２４ 挝.３ a
HG １１ N.０ ７  .０ ６ �.８ ９ 吵.０ b
Average ２３  .８ A １７  .５ B １７ 邋.６ B

Conclusions Heavy grazing leads to lower plant height and more small individuals . Drought reduces total plant density more atsite HG than site UG７９ , suggesting heavy grazing with a prolong drought can seriously deteriorate grassland .
ReferenceCingolani , A .M . ,Noy‐Meir I .&Díaz S .(２００５) . Grazing effects on rangeland diversity : a synthesis of contemporary models .

Ecological A p p lications １５ , ７５７‐７７３ .
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Estimation of bermudagrass forage intake from canopy spectral absorbance measurements using
hyperspectral radiometry
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USA .4 Gansu A gricultural University , L anz hou . E‐mail :mike .brown＠ ars .usda .gov

Introduction Grazing animals on forage have a lower cost of gain than animals fed in feedlot on mixed rations . However nutrientlevels of warm‐season forages frequently fall below animal requirements , thereby necessitating protein and/ or energysupplementation . Conventional methods of estimation of forage quality are slow and labor intensive processes . Recent work hassuggested that it is possible to assess pasture forage quality in real‐time , which allows stocker operators the technology to
quickly recognize the need for supplementation ( Starks et al . , ２００５ ) . However , uncertainty exists in the determination ofactual nutrient deficiencies due to difficulties in estimation of forage intake in grazing animals . Therefore , the objective of thisstudy was to evaluate the potential for the estimation of forage intake in grazing animals utilizing hyperspectral forage canopylight absorbance .
Materials and methods Hyperspectral forage canopy absorbance was estimated on eight plots in each of three １ .２ ha commonbermudagrass pastures weekly over a period of ９ weeks from June through early August , ２００５ using an SE５９０spectroradiometer ( Spectron Engineering , Denver , CO , USA ) and/or an ASD FieldSpec FR spectroradiometer ( AnalyticalSpectral Devices Inc . , Boulder , CO , USA ) . Forage in each plot was harvested weekly using a sickle mower and weighedamounts were fed to one of １２ individually penned lambs . Dry matter was estimated for both forage fed and forage refused fortwo ２４‐hr periods each week and dry matter intakes were calculated for each lamb . Hyperspectral data from the ASD Fieldspecwas converted to wavebands corresponding to wavebands from the SE５９０ . Dry matter intakes were expressed as a percent ofbody weight and corrected for fixed effects and time and subsequently regressed on forage canopy wavelengths ( range of ４１０ nmto １０１０ nm) using the stepwise MAXR regression procedure ( SAS , ２０００ ) . Dry matter intakes as a percent of body weightwere also regressed on forage canopy light absorbance using partial least squares procedures ( SAS , ２０００) .
Results The best １０‐ , ２０‐ , ３０‐ , ４０‐ , ５０‐ , and ６０‐variable prediction models yield R２ values of ０ .２７ , ０ .４９ , ０ .６１ , ０ .７３ , ０ .８１ ,and ０ .９２ , respectively ( all P ＜ ０ .０１) . The plot of actual vs . predicted dry matter intake for the best ６０‐variable model is givenin Figure １ . Partial least squares regressions yielded R２ similar to the ６０‐variable model .

Figure 1 Plot o f observed vs . p redicted (60 wavelength model) dry
matter intake , kg / kg .

Conclusions Pasture forage dry matter intake as a percentage of body weight can be predicted using forage canopy absorbanceestimates from hyperspectral radiometers . In conjunction with forage quality estimates , it appears possible to precisely estimatenutrient balance of grazing animals and provide precision supplementation to meet production targets .
ReferencesSAS Institute Inc . , (２０００) . SAS /STAT , User摧s guide , version ８ . SAS Institute Inc . ,Cary , NC .Starks , P . J . , D . Zhao , W . A . Phillips , M . A . Brown , and S . W . Coleman . ( ２００５ ) . Productivity and forage quality ofwarm season grass pastures in relation to canopy reflectance in ASTER wavebands . Proc . Bienn . Workshop on AerialPhotogr . , Videogr . , and High Resol . Digital Imagery f or Resource A ssessment . Pp . １７‐２３ .
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Comparison of forage quality of Astragalus e ffusus Bunge at three growth stage , management
systems
Gelav i j Zamani Dadaneh , A taollah Ebrahimi
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Key word :Rangelands ,A stragalus e ff usus Bunge ,forage quality , grazing intensity ,Iran
Introduction Among more than ８００ , A stragalus species that are existed in Iran , a few of them are forb , palatable andcontribute to the feeding of livestock , including A stragalus e ff usus Bunge . As a grazing tolerant , nutrient rich and prostratespecies that have an undeniable role in soil conservation and animal feeding , it deserves serious consideration . This study aimsat investigation of forage quality of this species at three , grow th stage and management systems .
Material and methods This study was conducted in Chaharmahal‐va‐Bakhtiari province ( ５０° , ４１′ N and ３２° , ４３′ E , ca . ３２０ ha ,
２１４４m a .s . l .) , Iran . Within this area , three management systems including exclosure , moderate grazing ( １‐year rest‐rotational grazing system with １ AU /ha) and extensive grazing ( whole year grazing with １ .７ AU / ha) are implemented . Withineach management system one representative area was selected and within that , one transect of ５０‐m long was established . Atthree grow th stages including vegetative , flowering and seeding , ５ samples along each transect was randomly selected , cut at
ground level and put in paper bags and bring into laboratory for chemical analysis . Samples were oven dried at ６５ ℃ , ground topass through a ０ .８‐mm screen . The Crude protein ( CP) content was determined using the Kjedahl method ( AOAC １９８４ ) .Crude Fiber ( CF) was determined using the method described by AOAC (１９８４) . Data analysis was done by SPSS v .１５ ( SPSSInc . , Chicago , USA) using a full factorial model , where grow th stage and management systems were regarded as fixed factorsand CP and CF were separately considered as dependent variables . Mean comparisons were done using Tukey摧s test .
Result and discussions As indicated in Figure １ , the highest CP was found at moderate grazing in vegetative stage , where CFwas at medium level , relative to other grow th stages . In flowering and seeding stages , the percentages of CP was also relativelyhigh , where , CF was medium to high . Though the number of flowers at flowering stage in extensive grazing was considerablylower than in moderate grazing and exclosure , the CP was highest in this stage and CF was lowest . This might be explained bytwo facts : １ ) in extensive grazing , this species as a tolerant species , tries to compensate defoliation by recoveringphotosynthetic portion , therefore , the new stems and leaves would have a relatively higher CP , as in vegetative stage , and ２ )in extensive grazing , the urination of livestock is high , thus , the amount of N and consequently CP increases . Considering theamount of CP and CF in three grow th stages , it seems that moderate grazing is a better option than the other two managementsystems to increase forage quality .

Figure 1 Crude p rotein (CP) and crude f iber (CF) as two indicators o f f orage quality at three grow th stage and
management systems . Di ff erent small letters above bars show signi f icant ( P ≤ ０ .０５ ) di ff erences between v alues .

Conclusion Overall , it seems that moderate grazing is a better management option than exclosure and extensive grazing in forage
quality point of view .
ReferenceAOAC , ( １９８４ ) . Association of Official Agriculture Chemists , O f f icial Method o f A nalysis . １１th Edition , Pp . ６９‐８８ .Virginia , USA .
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Introduction Soil is one the most important factors to resistance of Rangeland area and prepares an adequate nutrients andmoisture for this ecosystem during all seasons . Effect on soil chemical elements and plants flora are the most important damagesin grassland due to over grazing .
Bauer , １９８７ reported that organic carbon in heavily grazing was lower than control area , According Frank etal , . １９９５ , therewere no significant differences between control , heavy and medium grazing on decrease of soil nitrogen . Menezes etal , ２００１also studied same report , between these treatments .
Materials and methods Sampling The watershed was sub‐divided into three sub‐sample areas according to grazing history andcondition : a reference ( control) area has been exempted of livestock grazing for over ３０ years ( １９７０‐２００４ ) . Stocking rate forthe moderately grazed ( key site) and heavily grazed ( critical site) sites were １ and ＞ ３ sheep ha‐１ , respectively , for ３０‐years .Sub‐sample areas have similar climatic conditions , topography , soil tex ture and parent materials . Data were recorded in a singlerepresentative area of ５ hectares for each range condition category during the grazing season and all through the year from ２００３to ２００５ . Each representative sampling area of ５ hectares was subdivided into ５ notional strata of １ ha each according to theslope gradient from top to bottom , and numbered from １ to ５ . Data were collected from five replicates ( one in each stratum) .
Annual mixed soil samples from all representative sampling areas were collected at ３ different periods ( August , December andApril) from March ２００３ to the same time in ２００５(７ periodic soil samples for each soil layer of ０‐１５ cm and １５‐３０ cm) . In eachsampling period １５ mixed soil samples from representative sampling areas were collected by steel cylinders of １ meter height and
６０ mm diameter . The range of total nitrogen , absorbable phosphors and absorbable potassium of soil were measured in thelaboratory according standard methods .
Statistical analysis SPSS software was used for statistical analysis .
Results Statistical analysis showed that there was significant differences between range of total nitrogen , absorbable phosphorsand absorbable potassium of soil in different depth and time periods ( P ＜ ０ .０５) also statistical analysis showed that the amountsof total nitrogen , absorbable phosphors and absorbable potassium of soil in depth of ０‐１５ cm was more than １５‐３０ cm .
Discussion and conclusion The amount of total soil nitrogen in control area was more than other area such as critical and key sitesespecially in depth of ０‐１５ cm during two years because of plant bloom and maximum Root grow th in the surface . Grazingintensity will caused absorbed phosphors in the soil because of increases of natural fertilizers due to cattle .
The amount of potassium also will be decreased during over grazing in the control area because of potassium transfer from depthto surface of soil in these points .
Acknowledgment The author would like to thanks colleagues at the Islamic Azad University , Qaemshahr branch for their helpsand supports .
ReferencesBauer .armand .C .V .Cole .and A .L .Black . ( １９８７ ) .Soil Property Comparisons in virgin Grassland between Grazed andNongrazed Management Systems , Soil Sci .Amer .５１ :１７６‐１８２ .Frank . A .B .D .L . Tanaka . L . Hofmann .and R .F .Follett . ( １９９５ ) . Soil Carbon and Nitrogen of Northern Great PlainsGrasslands as Influenced By Long‐term Grazing . J . Range Manage , ４８ :４７０‐４７４ .Menezes ,R .S .C . ,E .T ,Elliott .D .W .Valentine , and S .A .Williams ,( ２００１ ) .Carbon and Nitrogen Dynamics in ELK WinterRanges . J .Range Manage .５４ :４００‐４０ .
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Methane emissions from Inner Mongolian Cashmere goats at different dietary nutrient levels
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Introduction Inner Mongolian is a dominating breeding base of Cashmere goats in China . According to the statistics yearbook ,the population of total Cashmere goats was ２８ .０８７ million and ３８％ of the goats are in Inner Mongolia( ２００５ ) ,which exist ondesert grassland with poor biogeocoenosis , where the Ash , crude fiber and lignin contents of pastures is higher than that ofother grassland , so the special breed of Cashmere goat was acclimated . Inner Mongolian Cashmere was named �the bestinartificial fiber �and economic value is considerable . So the numbers of Cashmere goats were increasing year by year , but themethane emission of Cashmere goats was still evaluated by models in China and the data of in vivo had not been reported bynow . So the objective of this study was to measure methane emission of Cashmere goats on maintenance level and at ad libitumintake using SF６ tracer gas technique , in order to obtain methane emission exactly to provided datum for programming methaneemission list and feasible Mitigation Strategies .
Materials and method ８ Cashmere goats were １ .５ years old and weighed ３０ ± １ kg ( mean SEM ) .The experiment was designed asa randomized complete block with two treatments , i .e on maintenance level and at ad libitum intake , with four goats in eachblock individually . The experiment consisted of a ２１‐d pre‐experiment stage and a １５‐d experiment stage ; The diets consisted of
２０％ Alfalfa ＋ ８０％ Chinese Leymus and Licking brick ( containing minerals , and vitamins) , the residual pastures of ad libitumshould be more than １５％ of total dry matter intake . The diet was offered twice daily at ５ :３０ am and ５ :３０ pm respectively andfree to water . Quantities of feed offered and refusals were recorded daily for each animal and Samples of diets and refusals wereretained weekly for determination of DM content . Methane emission was measured by SF６ trace technique according to KristenJohnson ( １９９４ ) . The concentration of methane was determined by Gas Chromatography ( GC‐９A ) , Det ( FID ) ,２００ ℃ ; Inj ,
１２０ ℃ ; Col ,６５ ℃ ; Standard , ２０ .３６ ppm ; the sample (０ .０２ml) was injected onto the GC column via a dead volume gas Microliter Syringe . The concentration of SF６ was determined by Gas Chromatography ( GC‐２０１４ ) , Det ( ECD ) ,３００ ℃ ; Inj ,１００ ℃ ;Col ,６０ ℃ ; Standard , ９７ .００ppt ; the sample (１ml) was injected onto the GC column via a dead volume gas Micro liter Syringe .
Results Methane emission of Cashmere goats at different dietary nutrient levels showed in table １ , Daily CH４ emissions peranimal was fed Alfalfa /Chinese Leymus pastures were greater at ad libitum intake than on maintenance level ( P ＜ ０ .０５ ) , butmethane emission expressed every kilogram DMI is not significant different ( P ＞ ０ .０５) and MCR is higher on maintenance levelthan at ad libitum intake( P ＜ ０ .０５ ) .
Table 1 Methane emission o f Cashmere goats at di ff erent dietary nutrient levels .

Item Maintenance level Ad libitum Significant
DMI , kg / d ０ C.５８１ ± ０ .１０７ ０ 抖.８３９ ± ０ .０８８ P ＜ ０ �.０５
g / ( goat . d) １０ 垐.４３ ± １ .６７ １５ �.０７ ± ２ .６２ P ＜ ０ �.０５
g / kg of DMI １８ 垐.０６ ± １ .４４ １７ �.７１ ± １ .４８ NS
MCR , ％ ８ q.９８ ± ０ .４２ ６ 滗.２８ ± ０ .１７ P ＜ ０ �.０５

Conclusions Methane emission of Cashmere goats increased with increasing of DMI ; when Cashmere goats were fed Alfalfa /Chinese Leymus pastures , the methane emission was １０ .４３g / d ( maintenance level) and １５ .０７g / d ( ad labium ) , which wereindexes of methane emission list for Cashmere goat in China .
ReferenceJohnson , K .A . ,Huyler , M .T . , Westberg , H .H . , et al .( １９９４ ) .Measurment of methane emission from ruminant livestockusing SF６ tracer technique . Env irnment Sci . & Technol .２８ :３５９ .
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Introduction Authors have been investigating the behaviour of yaks ( Bos grunniens ) , botanical diversity and material circulationin rangelands of Qinghai‐Tibetan Plateau ( Hasegawa et al . , ２００６ ; Song et al . , ２００６) . Two‐season‐rotational grazing systembetween warm‐and cold‐season paddocks is increasing in Qinghai‐Tibetan Plateau under settlement policy of nomads by Chinesegovernment . In this study , grazing behaviour of yak cows was investigated in northern rangeland of Qinghai‐Tibetan Plateau toevaluate the two‐season‐rotational grazing system .
Materials and methods This study was carried out in August and December , ２００５ in warm‐and cold‐season paddocks (WSP andCSP) of Potentilla f ruticosa alpine rangeland in Mengyuan Prefecture , Heibei State , Qinghai Province , China . Behaviour of ３yak cows was observed on the grazing time and bite numbers in a patch and the numbers of steps in a patch , between feedingstations and between patches . Positions of ５ yaks were recorded by GPS .

　 　 Figure 1 Distribution o f yaks in W SP1) and
CSP2) by the distance f rom gatew ay o f
night p addock . 1 ,2) Re f er to Table 1 .

Results WSP was significantly greater than CSP ( p ＜ ０ .００１) in bite numberper patch , bite rate in a patch , number of feeding station per patch andnumber of steps within a patch , and was significantly smaller than CSP ( p
＜ ０ .０１ ) in number of steps between patches ( Table １ ) . Those two werenot different in other items . Figure １ shows the distribution of yaks in WSPand CSP . Distance of yaks from gateway of night paddock averaged ４４９ .２m in WSP and ３３４ .２ m in CSP .
Table 1 Graz ing behav ior o f yak cows in rotationally grazed warm‐ and
cold‐season paddocks in alp ine rangeland .Item WSP１ ) CSP２ ) p３ )No . of patches observed ２１８ E３６７ い‐No of patches visited , patches / min ０ 篌.９ １ R.０ nsGrazing time , sec/ patch ５５ 篌.９ ５２ R.４ nsBite number , bites / patch ６７ 篌.４ ３７ R.２ 倡倡倡Bite rate w ithin a patch , bites / sec １ 篌.２ ０ R.７ 倡倡倡No . of feeding stations , FS / patch ７ 篌.１ ５ R.９ 倡倡倡No . of steps w ithin a patch , steps / patch ６ 篌.１ ２ R.５ 倡倡倡Step rate within a patch , steps / sec ０ 适.１７ ０ ).１６ nsMoving time between patches , sec １０ 篌.５ ８ R.６ nsNo . of steps between patches , steps ４ 篌.４ ５ R.８ 倡倡Step rate between patches , steps / sec ０ 适.８６ ０ ).８５ ns
Values are expressed as mean . １) WSP : paddock grazed in warm seasons and ２) CSP : paddock
grazed in cold seasons by yaks for over ２０ years . ３) 倡 p ＜ ０ .０５ , 倡倡 p ＜ ０ .０１ , 倡倡倡 p ＜ ０ .００１ and ns ＝no significance by Wilcoxon test .
Conclusions Behavioural difference of yaks between WSP and CSP wasconsidered to show that yaks were not able to compensate the decreases of edible plants and intake even by changing grazingstrategy in CSP .
Acknowledgment This research was supported by Grant‐in‐Aids for Scientific Research ( A ) No .１５２５５０２０ f rom Japan Societyfor Promotion of Science .
ReferencesHasegawa N . , Song R . , Kozono M . , Idota S . , Nishiwaki A . , Li G . , Fukuda A . , Zhou Q . (２００６) . Differences in yak ( Bos

grunniens) grazing behaviour and chemical composition of feces in the southern and northern Qinghai‐Tibetan Plateau inChina . A cta Prataculturae Sinica . １５ ( suppl .) . ２８６‐２８８ .Song R . , Hasegawa N . , Idota S . , Li G . , Nishiwaki A . , Jiu C . , Xu N . , Zhou Q . ( ２００６ ) . Botanical composition ,aboveground biomass and grazing behaviour of yak ( Bos grunniens ) in the southern rangeland of Qinghai Province , China .
A cta Prataculturae Sinica . １５ ( suppl .) . ２８９‐２９１ .
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Introduction Recently , Japan has been producing surplus manure because feed has been imported at １９ million TDN t/ yeardespite the meager amount of manure that has been exported . The technique of using more manure in grasslands along with anappropriate ecosystem comprising the soil‐plant‐animal cycle is necessary . Organic farming technique is a typical example ofsuch a method that uses only manure to maintain the fertility of farmlands . In this study , we considered the appropriateamounts of cattle and chicken manure that need to be applied in order to achieve productivity similar to that achieved bychemical fertilizer application ; grazing grasslands of Guineagrass ( Punicum maximum Jacq .) and Italian ryegrass ( Lolium
multi f lorum Lam .) were studied to evaluate grassland productivity based on the daily gain of steers .
Materials and methods Two fields subjected to organic and conventional grassland treatments were used for the study . Theconventional grassland ( CG) treatment involved the use of chemical fertilizers and herbicides . For the Guineagrass grassland ,chemical fertilizers were applied at rates of １０ kg /１０ a and ５ kg /１０ a × ２ NPK as basal and supplementary applications ,respectively ; the rate of basal and supplementary applications for Italian ryegrass was ５ kg /１０ a × ４ NPK . The organicgrassland ( OG) treatment involved the use of cattle and chicken manure but no agrochemicals . Manure was applied at the samerate as that for the CG treatment , and cattle and chicken manure were used for both basal and supplement al applications .Italian ryegrass was sown on ２０ Sep . at ６ kg /１０ a , and Guineagrass ( cv . Natsukomaki) , on ２０ Apr . at ２ kg /１０ a . TwoJapanese Black steers and a Japanese Brown steer were grazed on Italian ryegrass from １４ Nov . to ４ Jun . under the rotationalgrazing method ( ２ － ４‐week cycles) , and on Guineagrass from ４ Jun . to ２ Oct . . Concentrate was fed at approximately ２kg /head/ day through the grazing period . Herbage samples were clipped within a １ m × ０ .５ m frame at a stubble height of ５ cm .The samples were classified based on Guineagrass and dried at ７０ ℃ for ４８ h for measuring dry matter (DM ) weight .
Results and discussion The production and consumption of Italian ryegrass were similar for the OG and CG treatments ;however , the production and consumption of Guineagrass was lower as a result of the OG treatment than the CG treatment( Table １ ) . The daily gain of beef steers that grazed on Italian ryegrass were １ .０８ and １ .００ kg / day for the OG and CGtreatments , respectively . The daily gain from Guineagrass grazing were ０ .８７ and ０ .７５ kg / day for the OG and CG treatments ,respectively . Live weight of beef steers that grazed on OG‐treated grass was increased from １８７ to ５０９ kg at the end of theyear‐round grazing period from １４ Nov . to ２ Oct . ; the feed was at a concentration at ０ .６２ ０ .４６％ of the body weight . Theproduction of Guineagrass was lower under the OG than the CG treatment ; however , the daily gain as a result of grazing onOG‐treated grass was higher than that for CG‐treated grass . The increase in CP corresponding to the decrease in leaf lengthfrom April to July has been reported ( Togamura et al ) . The average plant length of OG‐treated Guineagrass was ５ .１ cmshorter than that of CG‐treated Guineagrass ; this was one of the reasons for the higher daily weight gain observed in the case ofgrazing on OG‐treated grass compared to CG‐treated grass .
Table 1 Productiv ity obtained using organic and conventional grassland treatments f or I talian ryegrass and Guineagrass .

Production
( gDM / m２ )

Consumption
( gDM / m２ )

Daily gain
( kg )

Live weight Feed concentration
Initial
w eight
( kg )

Weight on
completionof
the study ( kg )

( kg / head/day ) ( ％ bodyweight )
Italian ryeg rass ( １４ Nov . － ４ Jun .)
OG treatment １０５６ k.９ ９９７ 谮.２ １  .０８ １８７  ４０６ 媼１ 哪.７６ ０ 噜.６２
CG treatment １０９４ k.６ １０２８ 铑.１ １  .００ １７１  ３７５ 媼１ 哪.６９ ０ 噜.６８
Guineagrass ( ４ Jun . － ２ Oct .)
OG treatment １１００ k.８ ９８４ 谮.７ ０  .８７ ４０６  ５０９ 媼２ 哪.０３ ０ 噜.４６
CG treatment １４１５ k.５ １２８３ 铑.４ ０  .７５ ３７５  ４６４ 媼１ 哪.９９ ０ 噜.５０

Conclusion The productivity based on the daily gain of steers in grasslands treated by the application of cattle and chicken manurewas similar to or higher than that in those under the conventional treatment .
ReferenceTogamura Y . , Ochiai K . , Shioya S . , ( １９９３) . Quality of pasture managed to different leaf length . Proceedings o f the XV I I

International G rassland Congress , ９００‐９０１ .
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Sheep recognize chewing easiness of grass leaves prior to prehension through sensing bending
strength
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Introduction Grazing animals choose plant parts which can be eaten quickly with ease . Grazing animals usually remove onlyuppermost parts of plants because of different resistances to defoliation imposed by the physical structure of plant tissue . Theobjective of this study is to clarify the effect of bending and shearing strengths of orchardgrass leaves on foraging behavior andanalyze biting forces and impulse created by sheep .

　 Figure 1 Relationship between
bending strength and shearing
work o f f racture at basal ,middle
and ap ical p arts o f orchardgrass
leaves . Correlation equation was
as f ollows :
Y ＝ 1 .5 X 0 .5

‐0 .19
(r ＝ 0 .87 ,d f ＝ 28 ,p ＜ 0 .001)

Materials and methods Grazing trials were carried out using two Suffolk wethers aged
１ .５ years . The same sward board previously reported by Hongo et al . ( ２００４ ) andHongo et al . (２００７) was used for artificial construction of swards . During the grazingtrials , fresh leaves of orchardgrass was cut in the early morning . Each leaf blade wasclipped into three parts ( basal , middle and apical parts ) . Five and ten leaves perloadcell were offered to sheep . Three‐directional biting forces were measured whensheep foraged leaves . After grazing trials , bending , tensile and shearing strengths ofleaves were measured . Bending strength ( S) was given by the expression :
　 S＝ Fmax L/４where Fmax is the maximum bending force and L is the span distance between twosupports .
Results and discussion Total leaf length was ６４１ ± ２６ mm . There were significantdifferences between three parts with respect to leaf width , thickness of midrib andcross‐sectional area .
All mean values of biomechanical properties were significantly higher in the basal partthan in the apical part , except tensile stress . Tensile stress was not significantlydifferent between three parts . There was a significant correlation between bendingstrength and shearing work of fracture ( Figure １) . It has been suggested that shearingproperty may be important during chewing of leaves . It strongly suggests that sheep

　 Figure 2 Sum o f biting impulse
and intake e f f iciency ( DM weight
per biting impulse ) in f oraging
basal ,middle and ap ical parts o f
orchardgrass leaves .

may recognize chewing easiness of leaves prior to prehension through sensing bending
s trength bite and adjus t leaf number into a mouth and biting force . This hypothesis
was supported by the result that ７２ ％ of total ４２７ bites were completed by only onepeak biting force .
Sum of biting impulse was significantly different between three parts . Sum of bitingimpulse was ３ .３ and ４ .７ times higher at the middle and basal , respectively , than thatat the apical part ( Figure ２ ) .
To assess the benefit / cost ratio in foraging behaviour , intake efficiency ( DM weightper biting impulse) was calculated ( Figure ２ ) . The intake efficiency was significantlyhigher at the apical part than the middle and basal parts .
Biting force per one leaf created by sheep was ４ .０‐１０ .５ N . Tensile strength of one leafwas １７‐６９ N and shearing strength of one leaf was １ .３‐４ .４ N . These results suggestthat sheep could break‐down leaves principally by shearing force .
Conclusions Sheep may recognize chewing easiness of leaves prior to prehensionthrough sensing bending strength bite and adjust leaf number into a mouth and bitingforce .
At prehension , sheep may break‐down leaves principally by shearing force .
ReferencesHONGO A . , ZHANG J . , TOUKURA Y . and AKIMOTO M . ( ２００４ ) . Changes inincisor dentition of sheep influence biting force . Grass and Forage Science , ５９ ,

２９３‐２９７ .HONGO A . , TOUKURA Y . , CHOQUE J .L . , ARO ARO J .A . and YAMAMOTO N . (２００７) . The role of a clef t upper lipof alpacas in foraging extremely short grasses evaluated by grazing impulse . Small Ruminant Research , ６９ , １０８‐１１４ .
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Effect of grazing intensity and time on diet composition and intake of herbage in grazing sheep
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Introduction Nutrient intake is the major determinant of nutritional status and production performance for grazing animals , Thenutrient status of the herbivore depends on the nutritive value of the pasture available , botanical composition of the consumeddiet and the intake of animal ( DOVE ,１９９６ ) . In order to utilize pasture efficiently , both the quality of the herbage and thequantity consumed by animals should be known . Objectives of the present experiment were study the effect of stocking rate andtime of grazing on diet composition and intake of herbage .
Materials and methods The study was conducted in semi‐desert grassland in Siziwang Banner of Inner Mongolia . the totalnumber of plant species recorded was about twenty species . Stipa brev i f lora G riseb , A rtemisia f rigida W illd and
Cleistogenes songorica Ohw i were the dominant plant species in this area .
T reatments comprised two stocking rates ( １ .８２ and ２ .７１sheep/ hm２ ) and three separate occasions ( June , September andNovember) . １２ sheep (３５kg liveweight) were grazed on natural grassland in ２００４ .Pasture intake and diet composition for eachsheep were determined by the n‐alkanes technique ( Mayes et al ,１９８６ ) .The animals were dosed twice daily with gelatinecapsules containing １２０mg of n‐alkane C３２ for fif teen days prior to and during the fours days of faecal collection . Alkaneconcentrations ( C２７ , C２９ ,C３１ , C３２ and C３３ ) were determined in faecal samples and pasture by gas chromatography . Non‐negative least‐squares procedure was used for assessing diet composition .
Results and discussion under the same grazing period , pasture intake of grazing sheep decreased with increase of the stockingrates ,The lowest intake was observed in November with heavy stocking . under the same stocking rates ,pasture intakedecreased with pasture grow th , Probably because of the lack of pasture on offer and its low quality during the winter .inaddition Seasonal changes in botanical composition of herbage also affected intake of grazing sheep . The results showed thatherbage intake was affected by grazing management ,herbage intake was higher for moderate grazing compared to heavy grazing ,Grazing season had a relatively great effect on herbage intake .
Table 1 Pasture intake o f graz ing sheep under two stocking rates (kg / d) .

Item １ 洓.８２sheep/ hm２ ２ �.７１sheep/ hm２

June September November June September November
Intake １ 洓.７７ ± ０ .１１ab １ X.７１ ± ０ .０３ab １  .１４ ± ０ .１４c １ �.８２ ± ０ .０６ab １ 换.５２ ± ０ .０１b １ x.０７ ± ０ .０３c

a ,b ,c within a row means with different superscripts( p ＜ ０ .０５)

　 　 Figure 1 Graz ing sheep diet composition .

Figure １ showed the proportions of each dietary component averaged over the
period from June to November ２００４ .At two stocking rates grazing sheep hadsignificantly high proportion of A rtemisia f rigida W illd 、Cleistogenes
songorica Ohw i and low proportion of convolvulus ammannii Desr . S tipa
brev i f lora G riseb was found lowest and almost not present in the diet inNovember .This could be related to diet selection by grazing sheep . The n‐alkane technique revealed that grazing sheep had a predominant A rtemisia
f rigida W illd diet ,The proportion of A rtemisia f rigida W illd in the dietachieved above levels of ０ .８０ at two stocking rates .
Conclusions Grazing intensity and time had important role on diet compositionand herbage intake in grazing sheep ,and grazing time had a relatively greateffect .
ReferencesDove , H . ,Mayes ,R .W . , ( １９９６ ) .Plant wax components :a new approach to estimating intake and diet composition inherbivores . J Nutrition .１２６ :１３‐２６ .Mayes ,RW ,Lamb , C .S .( １９８６ ) .Colgrove PM .The use of dosed and herbage n‐alkanes for the determination of herbageintake . J A gri Sci ,Cambridge .１０７ :１６１‐１７０ .
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Introduction The study on research and utilization of trace elements about soil‐forage‐animal ecosystem in Qinghai province waslittle before , which limited the development of pleateu husbandry at a certain extent .So , we did the experiment about theseasonal changes of the system . It has significant meaning to take full advantage of superior natural conditions , increase localeconomic returns and improve ecological environment .
Materials and methods Six trace elements ( Cu ,Mn ,Fe ,Zn ,Mo ,Se) analyzed came from water , soil , edible grass ( gained byfistula set on esophagus ) , wool and other organs in sheep such as plasma ,liver , skeleton , etc . in Sanjiaocheng stud farmaround Qinghai Lake . Cu , Mn , Zn , Fe were tested by ZAAS of １８０‐８０ type and Mo , Se by OS of JP‐２ type , statisticalanalysis was made by SPSS １１ .５ .
Results(１) The contents of Cu , Mn , Fe , Zn , Mo , Se vary with season . From genenal level , the soil is in critical lack of Cu(１０ .８１ ± ０ .２３ ～ １５ .０９ ± ０ .７８ mg / kg ) , the same conclusion as .Zhang C .J .( Zhang C .J . ,１９９８ ) ; abundance of Fe ( ８０８ .５ ～

１３０８５ mg / kg ) , serious lack of Se(０ .０８ ～ ０ .３１ mg/ kg ) and Mo is lower than normal level ( Li G .H . ,１９９５) ; (２) According toGrass Classification index ( Zhou Z .Y . ,１９９０ ;Li G .H . ,１９９５) , in edible grass , contents of Cu , Mn , Fe , Zn , Mo are all higherin summer than in autumn and than in winter , except for Se ; Contents of Fe (４３ .５１ ± ３２ .２５ ～ ３８５ .８１ ± １８３ .１６ mg/ kg ) , Mn
(２７ .９４ ± ７ .５８ ～ １０２ .９２ ± ３３ .７０ mg / kg ) are higher and Zn( ８ .３３ ± ３ .０９ ～ ３２ .９６ ± ８ .５６ mg / kg ) , Mo ( ０ .３１ ± ０ .０６ ～ ０ .９３ ±

０畅２１ mg/ kg ) are in critical lack condition in three seasons , but it lacks Cu(２７ .９４ ± ７ .５８ mg/ kg ) in winter and lacks Se(０ .０１ ±
０畅０７ mg/ kg ) in summer specially ; ( ３ ) Contents of six trace elements in sheep hair changed with season too . The changeregulation of Fe(９２ .８３ ± ２４ .８６ ～ ２８３ .４６ ± ２１８ .６９ mg / kg ) is the same as in soil and in edible grass , that is in normal level ( LiG .H . ,１９９５ ) . Cu (１ .８７ ± ０ .３２ ～ ４ .５１ ± １ .６１ mg / kg) , Mn (４ .１７ ± ２ .１５ ～ １０ .３６ ± ４ .８７ mg / kg ) , Zn (７５ .６５ ± １０ .０４ ～ １０１ .１９
± ７ .３１ mg/ kg ) , Mo ( ０ .０１６ ± ０ .０９ ～ ０ .５２ ± ０ .１４ mg/ kg ) are all lower than normal level ( Li G .H . ,１９９５ ) , Se is enough( ０畅３０ ± ０ .１９ mg/ kg ) in summer while lack seriously ( ０ .００２ ± ０ .０７９ mg / kg ) in winter , which is significantly lower than valueof lack ,０ .０７９mg/ kg ( Li G H ,１９９５) ( p ＜ ０ .０１ ) ; (４) The content level in sheep is nearing lack of Cu , plenty of Fe , and seriouslack of Se from plasma and other organs such as liver , heart , lung , etc .of three seasons .
Conclusion The soil is in the condition of lack of Cu , Zn , Mo , Se in the stud farm around Qinhai Lake . In edible grass , expectfor Cu is lack in winter and Se lack in summer , Mn and Fe can meet animal need completely while Zn and Mo meet the needbasicaly . It is in such nutritional condition for sheep that the level of trace elements is plenty of Fe , lack of Cu , nearing lack ofZn , Mo and serious lack of Se . The trace element additive including Cu , Zn , Mo , Se is suggested to supply for grazing sheepin the stud farm around Qinghai Lake .
ReferencesLi G . H . , Wang Y . ,(１９９５ ) . Content of trace elements in soil , feed and animal . Feed Research , (１) : １３‐１４ .Zhang C . J . , Zheng X .B . , Li Y et al . ,(１９９８) . Investigation and research report on nutrition status of eleven mineral elementsin sheep around Qinghai Lake . Chinese Qinghai Journal o f A nimal and Veterinary Sciences , ２８( ４) :１‐６ .Zhou Z .Y . ,Cheng S .K . ,et al . ,(１９９７) . Studies on primary nutritive types in Alanshan desert grassland[ M ] .Lanzhou :GansuScience & Technology Press ,１‐４７ .
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Introduction Much attention is paid to the pasture of Japanese lawngrass in Japan because it is maintained with saved labor andwithout tillage or fertilizer . To clarify the mechanism of such sustainable production , nutrient flow in the pasture has to beinvestigated . Kaneko et al . ( in press) suggested that P might be accumulated from the deeper soil profile into the soil surfacein the pasture of Japanese lawngrass . The aim of this study is a comparison of soil P distribution from soil surface to １ m indepth between the places of Japanese lawngrass and the places of other sward characteristics in the same pasture . Thiscomparison enables us to discuss the P accumulation into soil surface by Japanese lawngrass plant .
Materials and methods This experiment was conducted at a Japanese lawngrass predominant semi‐natural rotational grazed
pasture for Japanese Black breeding cattle on Silic Andosols with an inclination of ５ ６ degrees in Field Museum Tsukui( Kanagawa prefecture) of Tokyo University of Agriculture & Technology . Soils were taken at five points in dominated ( JL )and not dominated ( NJL ) by Japanese lawngrass respectively , on ８th May ２００７ . At each point , soils were taken from four soil
profiles ( １st : ０‐２５ cm , ２nd : ２５‐５０ cm , ３rd : ５０‐７５ cm , ４th : ７５‐１００cm) . The soil were sieved through a ２ mm screen and air‐dried . Air‐dried soil was used to determine total P ( TP) , modified Bray No . ２ P (BP) , Olsen P ( OP) , water‐soluble P (WP) ,
phosphatase activity ( PA) , total carbon ( TC) , total nitrogen ( TN) and soil pH . All P was determined colorimetrically by theammonium molybdate method .
Results and discussion Table １ illustrates the values of measurements in four soil profiles of Japanese lawngrass pasture .Differences between １st layer and deeper soil profiles in all measurements were significant ( p ＜ ０ .０５) . TP , BP and OP under JLtended to be higher than under NJL at １st and ２nd layer , though the differences were not significant . TP and BP under JL tendedto be lower than under NJL at ３rd and ４th layer . These suggested that P accumulation , especially inorganic P accumulation , insoil surface might be higher under JL than NJL . BP under JL was lower than under NJL at ３rd layer ( p ＜ ０ .０１) . At ３rd layer ,pH under JL was also lower than under NJL ( p ＜ ０ .０１) . The difference in the pH may have affected the difference in the BP .The tendency of lower TC under JL than under NJL suggested lower organic matter of soil under JL . PA values suggested thehigher ability of the soil P mineralization at １st layer than deeper soil profiles and the similar ability of the soil P mineralizationunder JL with NJL .

Table 1 The values o f measurements in soil p ro f iles o f Japanese lawngrass pasture .
Layer Total P BP OP Total carbon PA pH
( cm depth) ( g kg‐１ ) ( mg kg‐１ ) ( mg kg‐１ ) ( g kg‐１ ) ( μmol g‐１ h‐１ )

JL NJL JL NJL JL NJL JL NJL JL NJL JL NJL
１
st (０‐２５) ２ [.６８ ２ 潩.３７ １３４ #.６ １０２ d.２ １０４ Ζ.５ ６６ 行.７ ３７  .３ ４１ S.２ ３ f.２３ ３ Ё.３８ ５ 栽.９６a ５ 噰.７８b

２
nd (２５‐５０) １ [.５２ １ 潩.４１ ３７  .３ ３２ M.６ ４１ 弿.５ ２６ 行.５ ２７  .７ ２９ S.６ １ f.２３ １ Ё.２７ ６ 殚.３２ ６ 煙.２９

３
rd (５０‐７５) １ [.０５ １ 潩.１２ ５ 後.１a ６  .５b ５ x.８ ５ 构.２ ２２  .５ ２６ S.７ １ f.０６ １ Ё.０７ ６ 栽.２０a ６ 噰.３８b

４
th (７５‐１００) １ [.０９ １ 潩.１９ ６ 貂.２ ７ 6.５ ６ x.５ ５ 构.５ ２５  .７ ３０ S.９ １ f.４８ １ Ё.１１ ６ 殚.２８ ６ 煙.３４
Each value is mean value of ５ points measurements . JL : Japanese lawngrass dominated . NJL : Non‐Japanese lawngrass dominated . BP : modified Bray No .２ methodP . OP : Olsen method P . PA : acid monophosphatase activity . Letters indicate significant differences ( p ＜ ０ .０５) .
Conclusions The distributions of TP , BP and OP suggested that inorganic P was accumulated into the soil surface under JL morethan under NJL . Mineralization of organic P and inorganic P adsorption rate of soil on Andsols might have played importantroles on the P accumulation in soil surface under Japanese lawngrass pasture .
ReferenceM .Kaneko , Y . Kurokawa , H . Tanaka , S . Suzuki , H . Itabashi ( in press) . Seasonal changes in herbage production and soil
phosphorus contents in Japanese lawngrass ( Zoysia j aponica Steud .) and tall fescue ( Festuca arundinacea Schreb .)
pastures . Grassland Science .
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The effects of fermentation and split application of liquid swine manure on dry matter yield of
Italian ryegrass and subsequent soil quality
M .C . K im , K . J . Hw ang , S .T Song , C .H . H yun , T .H . K ang
Che j u National University Je j u , 690‐756 . Korea , E‐mail : kimmch＠ che j u .ac .kr ; Je j u Special Sel f‐Governing ; National
Institute o f Subtrop ical A griculture . Institute o f Health & Env ironment , Je j u Special Sel f‐Governing .

Key words : dry matter yield , soil quality , Italian ryegrass
Introduction Liquid swine manure is a low‐price organic fertilizer . According to Song et al . ( ２００６ ) , the application ofunfermented liquid swine manure( ULSM ; high DM ％ ) to winter crop increased dry matter yield more than that of fermentedliquid swine manure ( FLSM ; low DM ％ ) , although there was no difference in soil quality between two DM concentrations .One time application of too much animal manure resulted in unbalanced soil base , salt contamination , and soil nutrient loss
( Bracker , １９８２) . Studies were carried out to evaluate the effect of fermentation and split application of liquid swine manurefertilizer on the dry matter yield of Italian ryegrass and subsequent soil quality .
Material and methods Experiments were conducted in a forage crop field in Jeju Livestock Institute for Promotion , fromNovember ２００５ to May ２００６ , using split plot design . The main‐plots consisted of two kinds of liquid swine manure fertilizersuch as the unfermented LSM and the fermented LSM , while the sub‐plots were composed of two times fertilizer applicationsuch as １００％ basal fertilizer( BF) and the ５０％ BF and ５０％ top dressing ( SA) .
Table 1 Dry matter y ield and
crude p rotein content as a f f ected
by ap p lication o f liquid sw ine
manure .
TRT DMY Crude protein

kg / ha Content( ％ )
Fermented
BF 倡

２ ,５３８ �１０ 镲.１
SA倡倡

２ ,５８３ �１０ 镲.４
Mean ２ ,５６１ �１０ 镲.３

Unfermented
BF ９ ,６６２ �９ 刎.６
SA ７ ,９１４ �１０ 镲.６
Mean ８ ,７８８ �１０ 镲.１
Main ０ 趑.０１０ ０ *.７７０
Sub . ０ 趑.２６３ ０ *.２９２
M × S ０ 趑.２４２ ０ *.６２８

BF倡 : basal fertilizer ,SA倡倡 : split application

Table 2 Soil characteristics as af f ected by ap p lication o f liquid sw ine manure in the
pasture p lot .
TRT OM TN Ava . Exch .Cation( cmol/ kg )

％ mg/ kg K Ca Mg Na
Fermented
BF 倡

５ 貂.６ １３６ 煙.９ ０ 种.８０ ５７ �.３ ０ 屯.７９ ２ I.６２ １ 排.４１ ０  .２３
SA倡倡

５ 貂.５ １３４ 煙.２ ０ 种.７５ ４４ �.３ ０ 屯.８２ ２ I.５８ １ 排.３９ ０  .１９
Mean ５ 貂.６ １３５ 煙.６ ０ 种.７８ ５０ �.８ ０ 屯.８１ ２ I.６０ １ 排.４０ ０  .２１
Unfermented
BF ５ 貂.６ １３４ 煙.２ ０ 种.７６ ３６ �.９ ０ 屯.７１ ２ I.５１ １ 排.２０ ０  .２０
SA ５ 貂.６ １３４ 煙.５ ０ 种.７１ ３３ �.３ ０ 屯.６６ ２ I.６７ １ 排.０８ ０  .１８
Mean ５ 貂.６ １３４ 煙.４ ０ 种.７４ ３５ �.１ ０ 屯.６９ ２ I.５９ １ 排.１４ ０  .１９
Main ０ 乔.８３８ ０ C.０７５ ０ 靠.００４ ０ :.２５４ ０ 抖.２６６ ０ 2.６８０ ０ �.０９６ ０  .１０３
Sub . ０ 乔.４５２ ０ C.０１３ ０ 靠.２１１ ０ :.３９５ ０ 抖.８６３ ０ 2.９９１ ０ �.７４８ ０  .１６７
M × S ０ 乔.１８１ ０ C.００７ ０ 靠.９８２ ０ :.６２７ ０ 抖.６３０ ０ 2.８８１ ０ �.８２７ ０  .５０２

Results and discussion Italian ryegrass showed a significantly higher DM yield( ７０％ ) w ith the application of ULSM ( Table １ )than with FLSH application(１ .８DM ％ ) ( p ＜ ０ .０１ ) . A similar result was obtained by Song et al .( ２００６ ) . It is likely due tohigher total nitrogen and total phosphorus contents of ULSM than in FLSH . The total N content of the soil in the field treatedwith FLSM ( Table ２ ) was significantly higher than that with ULSM treatment ( p ＜ ０ .０１ ) . The split application of LSMsignificantly increased the soil OM contents , higher than with １００％ BF application( p ＜ ０ .０５) .
Conclusions The application of unfermented swine liquid manure with a high DM content resulted in significant increases inItalian ryegrass DM yield , but the total N content of soil was lowered in the field applied with unfermented swine liquid manurethan in the field applied with fermented swine liquid manure with a low DM content . The split application of liquid swinemanure increased the soil OM contents , higher than with １００％ basal fertilizer application .
ReferencesSong , Sang Taek , Moon Chul Kim and Kyoung Jun Hwang . (２００６) . Effects of dry matter content of liquid swine manure ondry matter yield and nutritive value of Italian ryegrass , rye and oat , and the chemical characteristics of soil in Jeju . J . KoreanGrassl . Sci . ２６ :１５９‐１７０ .Bracker , H . H . ( １９８２ ) . Gü lle‐Stre βfaktor für die Grünlandpflanzengesellschaf t‐Betriebswirtschftl . Mitteilg . derLandwirtschaf tskammer Schleswesweig‐holstein , S . ２１‐２８ .
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Processes in plant‐soil system of coastal grasslands induced by management practice
T . K迸ster , K . K auer , M . Sammul , R . K泵lli , A . Selge , M . Noormets , H . Raave
Estonian University o f L i f e Sciences , Institute o f A gricultural and Env ironmental Sciences , K reutz w aldi 1 , 51014 , Tartu ,
Estonia . E‐mail : tiina .koster＠ emu .ee

Key words : productivity , soil organic carbon , restoring of coastal grasslands
Introduction Coastal grasslands , on the west coast and islands of Estonia , are widespread but during the last ５０ years reeds andbushes have overgrown the area , causing decrease in open coastal areas . The cause of diminishing coastal grasslands in Estoniais changes in agriculture . Agricultural practice has switched from extensive land use to intensive use to ensure the stabilequality and increasing productivity of fodder . The quality and yield from coastal grasslands is highly variable , dependent on soilproperties , weather conditions , and plant associations , as well as on management practice . Management in coastal areascomprises mostly grazing but also cutting in some areas where the conditions for use of machinery are suitable . The goal of thework was to investigate the influence of management on coastal grasslands plant associations and soil characteristics .
Materials and methods In the West‐Estonia coastal district １４ areas were selected with regard to coastal grassland management :continuously managed , restored , and not managed for long ( for at least １５ years ) . Sample squares ( ２０ in every １０ meters )were placed in an transect to investigate plant association parameters : botanical composition , species density , and productivity .By soil development , a depth of humus horizon was measured , and samples were taken to analyse the content of organic carbon( by Tjurin method) . The stock of carbon was calculated according to the bulk density , depth of humus layer and content oforganic carbon .
Results and discussion Soil‐and biomass‐forming conditions will change markedly based on management practices , cutting , orgrazing . The trampling of cattle and their consuming biomass will change the amount of litter , the microclimate , soil moisture ,and air conditions ——— the humification process will accelerate . Plant associations dominating in managed grasslands were
Deshampsia‐Caricetum nigrae , Ely trigietum repentis and Junco‐Claucetum . By restoring of coastal grasslands the changes inplant cover are fast , the biomass production will be lower mostly due to disappearing of plant associations having hudge biomasslike Phragmitetum australis and Festucetum arundinaceae‐Phragmitetum prevailing in not managed grasslands . The number ofspecies was highest on managed grassland and lowest in not managed whereas the restored grassland stayed between of them .Biomass productivity was similar for managed and restored grasslands ( ３ t ha‐１ ) and was much higher in not managedgrasslands ( ６ .３ t ha‐１ ) ( Figure １B) .

Figure 1 The content o f organic carbon in top layer o f coastal grassland soils (A ) ; and the p lant biomass
(yield t ha‐1 ) (B) by di ff erent management regime ; mean , mean ± SE , mean ± 1 .96 倡 SE are p resented on
the f igures .

By restoring the management practice in coastal grasslands the speed of changes in soil characteristics is quite slow despite toremarkable reduce of organic matter added to the soil . The content of organic carbon in topsoil shows similar values (１７％ ) bynot managed and restored grassland being significantly higher as in managed grassland soil (１１％ ) ( Figure １A) . Wet ( stagnic)conditions are not favourable for organic matter mineralization and therefore these areas are restoring carbon . The stock oforganic carbon in managed grasslands reached up to ６７ t ha‐１ where the share of carbon accumulated to the top layer of soil was
６６％ . Carbon sequestration was similar for not managed (１３６ t ha‐１ ) and recently restored grasslands (１２２ t ha‐１ ) . The shareof carbon in top layer was between ２４ and ３０％ , so that mostly the carbon was stored in deeper horizons in soil profile .
Conclusions Restoration of coastal grasslands will have quick influence on aboveground biomass and number of species , changingit more similar to the managed grasslands . Soil characteristics have not so quick response to the restoration of management , asthe most investigated indicators stayed similar to the not managed grasslands .
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Long‐term cattle grazing effects on soil chemistry in the Rough Fescue grassland
Chunli L i 1 , 2 , W alter D . W illms1 倡 ,X iying H ao1 , Ben Ellert1 , Mengli Zhao2 , Guodong H an2

1 A griculture and A gri‐Food Canada , Lethbridge Research Centre . P .O . Box 3000 , Lethbridge , A lberta , Canada , T1J
4B1 .2 Department o f G rassland Science , College o f Ecological and Env ironmental Science , Inner Mongolia A gricultural
University . 306 Zhao W u Da Road . Hohhot , Inner Mongolia , P . R . China . 010018 .倡 Corresponding author摧s E‐mail :
w illmsw＠ agr .gc .ca

Key word :Rough Fescue grassland , soil OC , soil nitrogen , soil phosphorus , soil pH , soil soluble ions
Introduction The Rough Fescue grasslands in western Canada are highly productive but sensitive to summer grazing . This canlead to overgrazing and subsequently soil degradation , which includes increased soil crusting , reduced soil infiltration , andenhanced soil erosion susceptibility (Manzano and Návar ,２０００ ) , which results in the loss of soil nutrients . Therefore , anexperiment was conducted to investigate the effects of ５８‐yr of cattle grazing on soil properties in a Rough Fescue grassland .
Materials and methods The study site was at the Department of Agriculture Research Substation , Stavely , Alberta Canada witha semiarid climate . Annual mean precipitation was ４９４mm ( from １９９７ to ２００７ ) . The vegetation is classified as the FescueGrassland ( Festuca campestris ( Rydb .) Association . Soil is Orthic Black Chernozemic and has a clay‐loam to loam texture .Three treatments were established in １９４９ consisting of fields representing a ( i) non‐grazed exclosue ( CK ) , ( ii ) moderategrazing ( MG) , and ( iii ) heavy grazing ( HG ) . The fields ( MG and HG ) were grazing by cattle from about May １５ toNovember １５ at ２ .４ and ４ .８ animal unit month ha‐１ , respectively . In May ２００７ , Soil C , N , P , pH , electrical conductivity
( EC) and water soluble ions were determined to the ６０ cm depth for each treatment . The MIXED procedure from SAS ( SASInstitute Inc . ２００５ ) was used to analyze the data as a randomized complete block design with grazing effects . Tukey摧s test wasused for all mean comparisons .
Results Soil organic carbon ( OC) , total P ( TP) concentrations and Cl‐ at all depths were higher ( p ＜ ０ .０５) in the CK than in thegrazing treatments whereas the total N ( TN) concentration at all depths was lower ( p ＜ ０ .０５ ) in the CK than in the grazingtreatments ( Tables １and ２) . Soil soluble K ＋ at all depths was higher ( p ＜ ０ .０５) in HG treatment than CK and LG treatments ,Soil pH values were higher ( p ＜ ０ .０５ ) in grazing treatments than in the CK ( Table １) . There was no grazing effect ( p ＞ ０ .０５ )on soil EC , available N ( NO３N and NH４ N) and available P ( AP) concentrations , soluble Mg２ ＋ , Na ＋ and SO２ －

４ at all depths( Tables １ and ２) .
Table 1 The e ff ect o f long‐term cattle graz ing on soil pH , EC ,
C , N and P concentrations in the Rough Fescue grassland .
Indicators P CK MG HG
pH ０ 篌.００ ６ R.４５b１ ７ 北.１０a ７  .３０a
EC( dS m‐１ ) ０ 篌.２０ ０ R.１２a ０ 北.１７a ０  .１９a
OC( ％ ) ０ 篌.０１ ５ R.５７a ４ 北.５８b ４  .２９b
TN( ％ ) ０ 篌.０４ ０ R.５２b ０ 北.６０a ０  .５９a
TP( g kg‐１ ) ０ 篌.１０ ０ R.８５a ０ 北.７４b ０  .７７ab
NO３ N (mg kg‐１ ) ０ 篌.２２ ３ R.６２a ５ 北.４７a ５  .８６a
NH４N (mg kg‐１ ) ０ 篌.５２ ７ R.８５a ８ 北.６１a ８  .３０a
AP(mg kg‐１ ) ０ 篌.４４ ３ R.０８a ４ 北.１９a ３  .７３a

Table 2 The e ff ect o f long‐term cattle graz ing on soil soluble
ions (mg kg‐1 ) in the Rough Fescue grassland .
Indicators P CK MG HG
Ca２ ＋ ０ T.１０ ２８  .２６a２ ８２ 蜒.９３a ５９ 垐.２６a
Mg２ ＋ ０ T.２９ ５ 眄.６９a ９ ＃.３１a ８ Z.４２a
Na＋ ０ T.１３ １９  .３１a １２ 蜒.２７a １２ 垐.９５a
K ＋

０ T.０２ ２１  .９８b ２５ 蜒.２３b ３８ 垐.７１a
Cl‐ ０ T.０２ ２７  .２５a １９ 蜒.５３b １６ 垐.７９b
SO４

２‐
０ T.３４ １３  .２３a ９ ＃.７７a １１ 垐.０４a

１ ,２Means within row having different lower case letters are different at P＜ ０ .０５
probability levels .

Conclusions Fifty‐eight years of cattle grazing had a major impact on the concentration of soil nutrients in the Rough Fescue
grassland . Soil C and P significantly decreased ( p ＜ ０ .０５) both in the MG and HG treatments compare to CK . Loss of C and Pin soil is indicative of soil deterioration and suggests that HG is not sustainable .
ReferencesManzano ,M .G . ,Návar ,J . ,２０００ . Processes of desertification by goats overgrazing in the Tamaulipan thrnscrub ( matorral)in north‐eastern Mexico . J . A rid Env iron . ４４ , １ １７ .SAS Institute Inc . ２００５ . SAS OnlineDoc 棆 ９ ．１ ．３ ．Cary , NC : SAS Institute Inc .
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Diet selection and intake of yak ( Bos grunniens ) in warm‐and cold‐season paddocks of
Potentilla f ruticosa rangeland in northern Qinghai‐Tibetan Plateau
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Key words : yak , diet selection , intake , two‐season‐rotational grazing , alpine rangeland , Qinghai‐Tibetan Plateau
Introduction Two‐season‐rotational grazing system between warm‐and cold‐season paddocks has been spreading as accompaniedby the decline in nomadism in Qinghai‐Tibetan Plateau . It was reported for this system that deterioration of vegetation was
greater in warm‐season paddock than in cold‐season paddock ( Li et al . , ２００６ ; Li et al . , ２００７ ) . In this study , diet selectionand intake of yak ( Bos grunniens ) cows were investigated in the rangeland of northern Qinghai‐Tibetan Plateau to evaluate thetwo‐season‐rotational grazing system .
Materials and methods In warm‐and cold‐season paddocks (WSP and CSP , respectively ) in Potentilla f ruticosa‐dominant alpinerangeland of Mengyuan Prefecture , Heibei State , Qinghai Province , vegetation was evaluated by line transect and quadratmethods . All of feces of ３ yak cows was collected during ３ consecutive days to evaluate diet selection by microscope techniqueand intake by AIA method in August and December , ２００５ .
Results Thirty seven species of plants appeared in WSP and ４４ in CSP . Yak grazed １９ plant species in WSP and １６ in CSP .
Kobresia spp in WSP and Poa spp in CSP were greatest in proportion in diet ( PD ) value but A stragalus spp was greatestamong plant species in Preference index ( PI) and Ivlev摧s electivity index ( IEI) values in WSP and CSP ( Table １) . PD value wassignificantly correlated with proportion in paddock value both in WSP and CSP ( r ＝ ０ .９０９ , r ＝ ０ .９３４ , respectively , p ＜ ０ .
０００１) , however was low in correlation with PI and IEI ( p ＞ ０ .０５ ) . Herbage intake of yak cow was ３３ .４ gDM / kgBW/day inWSP which was significantly greater than ２０ .５ gDM / kgBW/day in CSP ( p ＜ ０ .０５) .
Table 1 Selection by yaks o f major herbaceous p lants in rotationally grazed warm‐and cold‐season paddocks in Potentillafruticosa‐dominant alp ine rangeland .

Species ( genus) Proportion in paddock１ 照Proportion in diet Preference index Ivlev摧s electivity index
WSP２ 洓CSP２ `WSP CSP WSP CSP WSP CSP

Kobresia spp . ２２ T.６７ ７ '.５５ ２８ �.８５ １３ 挝.２６ １ ⅱ.２７ １ u.７６ ０ H.１２ ０ G.２７
Poa spp . １３ T.９４ ２４ '.０７ ２２ �.０９ ３５ 挝.９２ １ ⅱ.５８ １ u.４９ ０ H.２３ ０ G.２０
Ptilagrostis dichotoma ６ T.９９ ２ '.９１ ６ �.９５ ２ 挝.２８ ０ ⅱ.９９ ０ u.７８ ０ H.００ ‐０ _.１２
Elymus nutans ５ T.６１ ８ '.６０ ５ �.５２ ８ 挝.２８ ０ ⅱ.９８ ０ u.９６ ‐０ H.０１ ‐０ _.０２
Leontopodium nanum ６ T.６４ ３ '.３１ ５ �.３５ ６ 挝.９２ ０ ⅱ.８１ ２ u.０９ ‐０ H.１１ ０ G.３５
A stragalus spp . １ T.９６ １ '.１１ ５ �.２９ ６ 挝.３３ ２ ⅱ.７０ ５ u.７０ ０ H.４６ ０ G.７０
Stip a purpurea ２ T.２５ ９ '.４５ ５ �.２１ １４ 挝.０６ ２ ⅱ.３２ １ u.４９ ０ H.４０ ０ G.２０
L ancea tibetica ２ T.８１ ０ '.５６ ３ �.２０ ０ X１ ⅱ.１４ ０ u.００ ０ H.０６ ‐１ _.００
Polygonum spp . ２ T.２５ ５ '.７７ ３ �.１１ １ 挝.９１ １ ⅱ.３８ ０ u.３３ ０ H.１６ ‐０ W.５０
Carex spp . ４ T.１７ ７ '.０４ ２ �.８７ ２ 挝.５４ ０ ⅱ.６９ ０ u.３６ ‐０ H.１８ ‐０ W.４７
Potentilla spp . ９ T.２９ ２ '.７９ ２ �.７９ １ 挝.３６ ０ ⅱ.３０ ０ u.４９ ‐０ H.５４ ‐０ W.３４

１ Importance value ;２WSP : paddock grazed in warm seasons , and CSP : paddock grazed in cold seasons by yaks for over ２０ years .
Conclusions It was suggested that diet selection by yak was affected by vegetation greater than palatability of plant speces andherbage intake of yak was not sufficient for fertility especially in CSP .
Acknowledgment This research was supported by Grant‐in‐Aids for Scientific Research ( A ) No .１５２５５０２０ f rom Japan Societyfor Promotion of Science .
ReferencesLi G . , Idota S . , Hasegawa N . , Song R . , Wang Y . , Feng S . ( ２００６ ) . Effect of long‐term seasonal grazing of yak ( Bos

grunniens ) on botanical diversity of Potentilla f ruticosa alpine rangeland in Qing‐Zang Plateau . A cta Prataculturae Sinica .
１５ ( suppl .) . １４９‐１５１ .
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Alternative perennial legumes on acid soils in southern New South Wales , Australia
G . D . L i , R . C . H ayes and B . S . Dear
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Key words : herbage yield , frequency , persistence , farming system
Introduction Farming systems in southern NSW have traditionally relied on annual pasture legumes in phased rotation withcrops to act as a disease break , restore soil fertility and soil structure and provide high quality feed for livestock . Lucerne( Medicago sativ a L .) is the most widely grown perennial legume in the mixed farming system due to its high nutritive value toanimals and its ability to fix nitrogen . However , lucerne is unable to grow on acid soils , or poorly drained soils , or in areaswhere grazing is not well controlled . Alternative perennial legumes are needed to incorporate into phased farming systems toincrease profitability and achieve sustainability .
Materials and methods Twenty �best‐bet" perennial legume species/ accessions ( entries , Table １ ) were selected based onprevious work on acid soil and waterlogged soil ( Li et al . ２００７) and evaluated at Berremangra ( ３４°４６′０７″S , １４８°２７′０６″E , alt
３４２ m) near Bookham in New South Wales , Australia . The long‐term annual rainfall is ６６７ mm . Soil type is a dermosol ( Isbell
１９９６) w ith pHCa ４ .７ at ０‐５ cm and ４ .５ at １０‐２０ cm . The exchangeable Al was ５％ and １３ .２％ for ０‐５ cm and ５‐１０ cm ,respectively . Seedling numbers at establishment , herbage yield and plant frequency were measured in ２００５‐２００７ .
Results The site was highly acidic with a short period of waterlogging in winter during wet year . When established in ２００５ , thesite received above average rainfall , followed by ２ years of drought with less than half the long term average rainfall . Two
Lotus corniculatus accessions ( Goldie and composite ) and T ri f olium uni f lorum demonstrated superior persistence andproductivity ( Figure １) . T ri f olium uni f lorum was the only species with a satisfactory ground cover ( frequency of １６ .３％ ) inthe third autumn af ter two years of drought ( data not shown) . Lotus tenuis and T . f ragi f erum SA４２９５１ had moderately highfrequency , but very low herbage yield . The soil was too acid for lucerne to survive .

　 　 Figure 1 Relationship between p lant
f requency and herbage yield f or sown
species in year 2 . Entry numbers f or
each point correspond to the ID
numbers given in Table 1 . Dotted
lines indicate the 5 highest ranked
entries either to the right o f the
vertical line or above the horizontal
line .

Table 1 Perennial legume species evaluated at Berremangra near Bookham , New
South W ales in 2005‐2007 .
ID Species ID Species
１ 腚Cullen australasicum SA４９６６ 鞍１１  Medicago sativ a cv . A urora

２ 腚C . tenax SA３５７７８ g１２  M . sativ a caerulea SA３８０５２ 构
３ 腚Dorycnium hirsutum SA３３７１７ 缮１３  M . sativ a f alcata composite

４ 腚D . pentaphyllum composite 倡
１４  M . sativ a SA３８０８２ *

５ 腚Hedysarum boutigynanum SA１３２６５ }１５  M . su f f ruticosa SA６５２９ Q
６ 腚Lotus corniculatus Composite １６  Onobrychis v icii f olia cv . Othello

７ 腚L . corniculatus cv . Goldie １７  Securigeria varia SA１７００２ 憫
８ 腚L . corniculatus cv . Stead f ast １８  T ri f olium f ragi f erum SA３８０７６ ;
９ 腚L . cy tisoides SA１２９５１ 珑１９  T . f ragi f erum SA４２９５１ U
１０ �L . tenuis composite ２０  T . uni f lorum composite

倡 Composites represent ２‐４ accessions selected to represent the variation within a species .
Conclusions Lotus corniculatus Goldie was the most productive cultivar with thegreatest persistence that is suitable for the hostile environment tested . Further breeding / selection work is needed to improveflowering and seed set in the low latitude areas due to short day length . T ri f olium uni f lorum may be useful to provide groundcover in sloping landscapes to protect against soil erosion , and as a perennial legume component in perennial grass or annualpasture mixtures for intensive grazing enterprises . But seed harvest of this species would be very difficult due to its veryprostrate grow th habit .
ReferencesIsbell , R .F . , (１９９６) . The Australian soil classification . Melbourne : CSIRO Publishing .Li , G .D . , Lodge , G .M . , Moore , G .A . , Craig , A .D . , Dear , B .S . , Boschma , S .P . , Albertsen , T .O . , Miller , S .M . ,Harden , S . , Hayes , R .C . , Hughes , S .J . , Snowball , R . , Smith , A .B . , Cullis , B .C . ( ２００７ ) . Evaluation of perennialpasture legumes and herbs to identify species with high herbage production and persistence in mixed farming zones in southernAustralia . A ustralian Journal o f Ex perimental A griculture ４７ (１２) : In press .
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Antagonistic interactions between foliar endophytes and root mycorrhizal symbionts of Lolium
perenne
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1 G rasslands , A gResearch L td . , Priv ate Bag 11 008 , Palmerston North , New Zealand , E‐mail : susanne . rasmussen ＠

agresearch .co .nz , 2 University o f Guelph , Ontario , Canada

Key words :Quantitative PCR , high sugar ryegrass , phosphorus supply
Introduction Lack of information on grass‐endophyte‐mycorrhizae interactions , mainly due to technical limitations for accuratelyestimating fungal concentrations , hampers our understanding of the symbionts effects on host metabolism and grow th . By using
quantitative polymerase chain reaction ( qPCR ) ( Rasmussen et al . , ２００７ ) , the complex interactions have been studied inperennial ryegrass cultivars differing in sugar content and under different phosphorus ( P) supply levels .
Materials and methods The experiment consisted of ２ grass cultivars ( high sugar , control) × ３ N . lolii endophyte treatments
( nil , Lp１９ , AR１ ) × ３ mycorrhizal treatments ( nil , Glomus mosseae , G . intraradices ) × ２ P levels ( high , low ) × １０ replicates .
Plants were grown in sand medium for １２ weeks in a climate chamber . Concentrations of endophytes in blades and stubble , and
of mycorrhizas in roots were estimated by qPCR of genomic DNA , using endophyte specific chitinase , G . intraradices specificalkaline phosphatase and a G . mosseae specific phosphate transporter as target genes .
Results Under low P supply , mycorrhizal concentrations were significantly lower in endophyte infected plants compared toendophyte‐f ree controls , and higher in the high sugar cultivar compared to the control cultivar ( Figure １ ) . Endophyteconcentrations in both leaf blade ( Figure ２A) and stubble ( Figure ２B) were significantly reduced by G .mosseae ( mos) , but notby G . intraradices ( intra) compared to mycorrhizal‐f ree controls ( nil) . Endophyte concentrations were also lower in the highsugar cultivar as well as under high P supply .

　 　 Figure 2 T reatment e f f ects on endophyte f ungal
concentration in lea f blade (A ) and stubble (B) .

Figure 1 T reatment e f f ects on mycorrhiz al f ungal
concentration under low P conditions .

Conclusions Our results are direct evidence for antagonistic
interactions between foliar endophytic and root mycorrhizal
fungi . It was also shown that the degree of colonisation by
both fungal symbionts in ryegrass associations is regulated bythe carbohydrate content of plants and by phosphorus levels in
soils .
ReferenceRasmussen S . et al . ( ２００７ ) . High nitrogen supply andcarbohydrate content reduce fungal endophyte and alkaloid
concentration in Lolium perenne . New Phytologist １７３ :
７８７‐７９７ .
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Dynamics of seedling emerging and survival rates of Stipa baicalensis steppe :community under
two utilizing regimes
M . J . W ang , Q . F . L i , F . L . Shi , J . L . He
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Key words : Stip a baicalensis steppe , seedling , survival rate , grazing , hay‐making
Introduction The emergence and survival of seedlings are the bases of grassland innovation . Seedlings were produced from seedrains , or soil seed bank . Only when seeds germinate in soil , then become seedlings , grow into juvenile plants , and finallydevelop into mature plants that could affect the characteristics of community . The seedling emerging and survival were affectedby many factors like management ( Brys , ２００４) . Stip a baicalensis steppe was utilized through grazing and hay‐making . Bothregimes had different effects on producing and survival of seedlings .
Materials and methods The study was undertaken in a S . baicalensis steppe near Wulagai River in the eastern Inner Mongoliameadow steppe . The steppe was divided into two paddocks by the fence‐one grazing paddock ( GP) that was grazed by sheepand cattle yearly for many years and one hay‐making paddock ( HP) where the plants were mowed for hay in each autumn forthree years and was grazed shortly in winter . In each paddock a ２５００ m２ study site was selected and thirty five １ /４ m２ quadratswere randomized fixed inside of the site respectively . Same perennial plant species were observed in HP and GP site , and noannuals were found . The observation was carried out for two growing years . Six observations were done in First year ( rainfall
４８６ mm) , and three in Second year ( rainfall １９０ mm ) . On each observation all new seedlings were labeled by differentcolourful metal points one by one and mortality seedlings were recorded .
Results In the First year most seedlings emerged after middle of June because concentrated rainfall kept the soil moisturesuitable . The numbers of new seedlings between any two observations and accumulated new seedlings , as well as survivalseedlings in HP site were significant higher than in GP site ( p ＜ ０ .０１ ) ( Table １ ) . Also HP site had higher seedling survivalrate . In spring of the Second year the wintering rates of total seedlings in HP and GP were ３６ .０％ and １７ .７％ respectively .Based on total seedling numbers on Sep . １０ before winter the survival rates were １７ .９％ and ８ .６％ for Aug . １０ observation ,and １４ .５％ and ４ .６％ for Sep . １０ respectively , showed significant difference ( p ＜ ０ .０１) . Because of the dry weather in Secondyear the total new seedlings in both HP and GP were only ９０ .３ /m２ and ７４ .７ /m２ .
Table 1 New emerged , accumulated , surv iv al and accumulated surv iv al seedlings (no ./m2 ) and their surv iv al rate .

Seedlings May ３０ bJun １５ 厖Jul １ 妸Jul １５ uAug ２５ gSep １０  
HP GP HP GP HP GP HP GP HP GP HP GP

New emerged s . １ 4.２ ０ X０ |.４ ０ 牋５６ 篌.８ ３０ Q.８ ９０ 鞍.８ ３３  .２ ６３ m.６ ３２ 怂.４ ９７ *.２ ４７ 垐.６
Accumulated s . １ 4.２ ０ X１ |.６ ０ 牋５８ 篌.４ ３０ Q.８ １４９ 揶.２ ６４  .０ ２１３ 洓.２ ９６ 怂.４ ３１０ X.０ １４４ 抖.０
Survival s . ０ 4０ X０ |０ 牋４８ 篌.８ ２３ Q.２ ８４ 鞍.４ ２３  .２ ６１ m.６ ２８ 怂.８ ９７ *.２ ４７ 垐.６
Survival rate( ％ ) ８５ 篌.９ ７５ Q.３ ９３ 鞍.０ ６９  .９ ９６ m.９ ８８ 怂.９Accumulated survivals . １ |.２ ０ 牋５０ 篌.０ ２３ Q.２ １３４ 揶.４ ４６  .４ １９６ 洓.０ ７５ 怂.２ ２９３ X.２ １２２ 抖.８
Accumul . survival( ％ ) ７５ *.０ ８５ 篌.６ ７５ Q.３ ９０ 鞍.１ ７２  .５ ９１ m.９ ７８ 怂.０ ９４ *.６ ８５ 垐.３
Conclusions Different regimes had different effects on steppe seedling emerging and survival . The total survival rates in both HPand GP were very low . Steppe for hay‐making was considerably better to keep seedling quantity than for Grazing . So it isnecessary to practice both regimes rotationally in one steppe in some regular years .
ReferenceBrys , R . , Jacquemyn , H . ,Endels , P . , Blust , G . de , Hermy , M . , ( ２００４ ) . The effects of grassland management on plantperformance and demography in the perennial herb Primula veris . Journal o f A p p lied Ecology ４１ ( ６) :‐１０９１ .
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Sward allowance at early lactation of primiparous dairy cows : III‐Metabolic profiles
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Introduction Major adaptive changes occur during the transition period (３ weeks before and after calving) to cope with the highenergy demands of lactation . This transition from pregnant nonlactating state to the nonpregnant lactating state represents adramatic change for the cow , as nutrients requirements exceed dietary intake potential , and thus , a state of negative energybalance is established to provide additional substrate for milk production . First calving cows recover from the negative energybalance period with more difficulty than multiparous cows ( Meikle et al . ２００４) and this factor is usually more dramatic undergrazing conditions . Dry matter intake ( DMI) is a main factor affecting energy balance , and sward state largely affects DMIunder grazing ( Chilibroste et al . , ２００５) . The metabolic variations that occur during the peripartum period can be monitored bythe concentration of some metabolites in blood . In this study the effect of daily sward allowance on metabolic profiles and itsrelation with milk production and evolution of body condition score (BCS) was investigated in primiparous cows under grazingconditions .
Materials and methods The experiment was carried out at the EEMAC Research Station , Agronomy Faculty , Uruguay ( ３０° S) .Primiparous dairy cows ( n ＝ ４４ , BW ＝ ５９５ ± ４１ kg , age at calving ＝ ２ .９６ ± ０ .１１ years and BC ＝ ３ .７ ± ０ .３ ) were blocked byBW , age and BC , and randomly assigned from calving up to ６０ days in milk to one of the following treatments ( n ＝ １１ each) :controls with a １００％ TMR diet ( ad libitum) and the grazing treatments , high ( HA , ３０ kg DM cow day‐１ ) , medium ( MA , １５kg DM cow day‐１ ) and low sward allowance ( LA , ５ kg DM cow day‐１ ) . The grazing treatments were supplemented with TMRto cover their maintenance requirements . All the cows were individually supplemented at １８ :００ h with a mixture of corn silage
(１０ kg ) compound feed (４ .８ kg ) and grass hay (０ .４) on a fresh weight basis . Cows were milked at ５ :００ and １６ :００ h and wereallowed to graze between ８ :００ and １５ :００ h every day on a ７‐days rotation schedule on a pasture of mixed grasses and legumes .BCS was registered weekly ( scale １ ＝ emaciated , ５ ＝ fat) . Blood samples were taken every weekly from one month before to ２months af ter calving . Plasmatic levels of total protein , albumin , urea , non esterified acids ( NEFA) , β‐hydroxybutyrate (BHB)and cholesterol , determined every ２ weeks during the experimental period . BCS and metabolites were analysed as repeatedmeasurements in time using Proc MIXED of SAS v . ８ .
Results and discussion In all groups NEFA levels increased around calving and were associated with loss in the BCS . NEFAlevels were higher in HA and MA reflecting more lipid mobilization which is in line with an important BCS loss observed inthese groups during the first two weeks after calving . The BHB increase was observed later than NEFA increase which could berelated to cetogenesis , but also with diet composition since in the Control group ( １００ ％ TMR) BHB concentrations were lowerthan the grazing groups . Cholesterol , total protein , and albumin concentrations decreased around calving probably due to thelower intake during this period ( Cavestany et al . ２００５) . Cholesterol levels were higher in HA and MA than in LA , and it isknown that cows in better energy balance (BCS) have more cholesterol levels . On the other hand , Control cows presented thelowest cholesterol levels and had the highest BCS : this could indicate that other factors such as nutrition have a direct effect oncholesterol concentrations . Urea concentrations were higher in control and HA groups , which were the groups with the bestnutritional offer . A similar trend occurred in plasma protein levels , but it was significant only in Control cows .
Conclusions This study shows that different sward allowances determined different metabolic profiles which were associated notonly with BCS but also with nutrient intake .
ReferencesCavestany C , Blanc E , Kulcsar M , Uriarte G , Chilibroste P , Meikle A , Febel H , Ferraris A , Krall E . Effect of parity andbody condition score on metabolic profiles of dairy cows under a pasture‐based production system . Journal o f Veterinary

Medicine Series A , ２００５ , ５２ : １‐７ .Chilibroste , P . , Gibb , M . J . , Tamminga , S . , ( ２００５ ) . Pasture characteristics and animal performance . In : Dijkstra , J . ,Forbes , J ,M . , France , J . , Quantitative A spects o f Ruminant Digestion and Metabolism , CAB International , ６８１‐７０６ .Meikle , A . , Kulcsar , M . , Chilliard , Y . , Febel , H . , Delavaud , C . , Cavestany , D . , Chilibroste , P . , ( ２００４ ) . Effects ofparity and body condition at parturition on endocrine and reproductive parameters of the cow . Reproduction . １２７ : ７２７‐７３７ .
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Soil‐plant‐animal interrelationships and the mineral status in grazing cattle with the new agro
ecological conditions in Cuba
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Introduction In Cuba , cattle grown in areas with different nutritional deficiencies in nitrogen and minerals . Environmentalconditions , the management practices , and salt and salinity have differing affects on the soil and plant quality which is reflectedin animal production and reproductive responses .
Results In the present paper soil‐plant‐animal interrelationships and the mineral status were studied in west and east grazingcattle areas in Cuba . The principal soils in both regions were acid or lightly acid and pH values varied from ４ .５ to ６ .５ . Theorganic matter contents differed between the areas and the principal averaging below ３ .５％ . An important relationship wasfound between the soil pH and the mineral concentration in grasses . In eastern areas the available P in soils was below thecritical limits , and the concentration in grasses varied from ０ .０９ to ０ .１５％ . The Mn decreased when soil pH increased and theanimal requirements in general were not satisfied In the central region there was a notable Cu deficiency in plants which affectedthe reproductive behavior and milk production in heifers and dairy cows . In theeastern region we found P , Na , Zn , Cu , and Fedeficiencies , and these were related with blood indices and reproductive responses . The utilization of a premix of the deficientminerals increased the haemoglobin and hematocrit levels in blood and reproductive responses .
Conclusion It is concluded that the environmental conditions affect the soil‐plant‐animal relationship and the mineral status ingrazing cattle areas . At present , the mineral supplementation practices such as feeding nutritional blocks and legumes , mineralsalt added to basal diet , and the silvopastoral system are used in order to satisfy the mineral requirements in grazing cattle .
ReferencesGutiérrez . O . (２００５) . Informe final de proyecto ０４１７ �Elaboración y suministro de premezclas minerales adaptadas a las nuevascondiciones de la ganadería lechera en las provincias habaneras" Ministerio Agricultura . Habana ,Cuba .Padilla , C . ( ２０００ ) . Situación ganadera actual en Cuba . En Taller por el ３５ Aniversario del Instituto de Ciencia Animal .Habana , Cuba .
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The effect of vegetative cover in the erosion prevention of a cattle trodden slope pasture
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Introduction Grazing is the effective means of harvesting energy and protein from steep pastures in mountainous country .However , there are risks associated with the practice , such as degradation of the soils that sustain pasture communities .Details of the effect of vegetative cover of a grazed pasture on soil loss with runoff water are not clearly understood .
The loss of vegetative cover caused by grazing at high stock densities (Warren et al . １９８６a) allows direct impact of raindrops onsoils ( Lal and Elliot , １９９４ ) . Damage to vegetation and soils by hoof trampling increases when cattle are grazed on moist soils( Betteridge et al . １９９９) . This paper reports a field study , designed to determine the effect of vegetative cover on soil loss withrunoff water , of a slope pasture in the mountain trodden by cattle , untrodden with vegetative cover and untrodden with novegetative cover .
Materials and methods An experiment was conducted in Japanese mountain pasture to quantify the effect of vegetative cover onsoil loss with runoff water . Four plots , each of ８m × ２２m area , were fenced to exclude cattle from grazing . Duplicate plots of
(２０m × ２m) were with no vegetation cover ( Bare) , and with ９０ , ７０ and ４０ percent vegetation cover of ８ cm pasture heighttrodden by zero , three or six cows of approximately ３００ kg body weight for １５ minutes on steep pasture on １４ June and ３０September , ２００４ . Measurements included pasture cover , tiller density and soil loss in runoff water .
Results and discussion Pastures with no vegetation cover and with ４０ percent vegetation cover resulted in a greater soil loss withrunoff water . Increased soil sediment loss with runoff water mainly resulted from the area with no vegetation cover and withlow vegetation cover ( Figure １a) . Runoff ratios for the low and high trodden plots and bare plot were higher than vegetative
plot . Nevertheless sediment loss from the low trodden plot was low compared to the high trodden plot ( Figure １b) showing asimilar runoff ratio . Results indicate that vegetation cover negatively act to soil surface by reducing the raindrop impacts and therunoff water entrainment .

Figure 1 Relationship between grass cover and soil sediment loss ( a) and between grass
cover and runo f f ratio ( b ) f rom control , lightly and heav ily‐trodden , and bare‐
ground sites o f steep pasture during the months July to November ( values are total o f
the months) , 2004 .

Conclusions Pastures with high or moderate vegetation cover was less seriously affected than pastures with low vegetation coveror bare ground for soil loss , indicating that steep pastures with low vegetation cover or with bare places are more susceptible tosoil erosion .
ReferencesBetteridge K , Mackay AD , Shepherd TG , Barker DJ , Budding PJ , Devantier BP , Costall DA , ( １９９９ ) . Effect of cattle andsheep treading on surface configuration of a sedimentary hill soil . A ustralian Journal o f Soil Research ３７ : ７４３‐７６０ .Lal R , Elliot W . (１９９４) . Erodibility and erosivity pp . １８１‐２０８ . In : Soil Erosion Research Methods ( ２nd Ed .) R . Lal ( ed .)

Soil and W ater Conserv ation Society , Ankeny , Ia .Warren SD , Blackburn , WH , and Taylor CA , Jr . ( １９８６a ) . Effects of season and stage of rotation cycle on hydrologiccondition of rangeland under intensive rotation grazing . J . Range Manage . ３９ :４８６‐４９１ .
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Sward characteristics of dairy cows grazed at two stocking rates in agro‐pastoral transitional zone
of northern China
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Introduction Studies on grazing pastures are limited and the mechanisms through which the dairy cows affect the swardcharacteristics associated with different stocking rates are poorly understood in North China .
Materials and methods The experimental site was located at the Guyuan Grassland Research Station of China AgricultureUniversity , Hebei , northern China ( ４１°４６′N , １１５°４０′E , １４００ m a .s .l .) . The pasture was established in ２００３ with a seedmixture of smooth bromegrass ( SB ) , western wheatgrass ( WW ) and Russian wild ryegrass ( RW ) and alfalfa ( AL ) . Thestocking rate for lax grazing ( LG) and moderate grazing ( MG) was ２ .６ and ３ .８ cows ha‐１ respectively . A simplified rotational
grazing system was applied , with ３d grazing periods followed by １８d resting periods . Three quadrats were chosen at random ineach plot at the end of each grazing cycle to investigate changes in vegetation cover , plant density , above‐ground and rootbiomass , and botanical composition . Leaf and stem masses were measured on an individual plant basis .
Results and discussion Annual mean forage standing yield under LG was ７ .２８％ higher than that under MG . The proportion ofAL and SB was consistently higher under LG than that under MG , while the percentage of WW and RW was slightly higherunder MG . Mean canopy cover of all species in LG was slightly higher ( p ＞ ０ .０５ ) than that of MG . The change of leaf / stemratio differed among stocking rates and grow th stages . Mean leaf / stem ratio of all species was slightly higher ( p ＞ ０ .０５) in MGthan those in LG . Leaf / stem ratio of all component species except alfalfa increased . The root biomass significantly decreasedwith the increased stocking rate ( Table １) . The total root biomass ( ０‐３０ cm ) increased ２ .４３and ２ .３５ times for LG and MGfrom the initial to the end of the grazing period , but the difference between them was not significant ( p ＞ ０ .０５ ) . For bothtreatments , we found a strong vertical distribution of root biomass towards the upper ２０ cm of the soil profile . This finding isin accordance with the observations of McNaughton et al . (１９９８) .

Table 1 Sward characteristics by component and year f or the two stocking rates .

Year Sward characteristics AL SB WW RW
MG LG MG LG MG LG MG LG

２００４ �Botanical composition ( ％ ) ０  .１３ ０ v.１７ ０ 照.６０ ０ 4.６２ ０ 拻.０７ ０ 耨.０７ ０ O.１５ ０ #.１１
Population density ( point /m２ ) ３７９ ⅱ３９４ １７５０ _１７２１ 揪３９４  ３７８ {７４０ 儋６７８ �
Canopy cover ( ％ ) １３  .４４ １２ v.３２ ４９ 照.９９ ４４ 4.９６ ５ 拻.０６ ４ 耨.８０ １１ O.０５ ８ #.０９
Leaf / stem ratio １  .５２ １ v.３６ ２ 照.４４ ２ 4.６２ １ 拻.３０ １ 耨.２９ ２ O.３４ ２ #.５９

２００５ �Botanical composition ( ％ ) ０  .２６ ０ v.３９ ０ 照.５５ ０ 4.４８ ０ 拻.０３ ０ 耨.０３ ０ O.１４ ０ #.０８
Population density ( point /m２ ) ５５９ ６５３ ８３３ ９０３ １５６ １４２ ５３３ ４４７

Canopy cover ( ％ ) ４０  .１４ ５４ v.２１ ５１ 照.９１ ５３ 4.６８ ３ 拻.８３ ３ 耨.３９ １２ O.３１ ９ #.８５
Leaf / stem ratio １  .３６ １ v.２３ ４ 照.２１ ３ 4.７１ １ 拻.５９ １ 耨.５０ ５ O.７３ ５ #.５８

Conclusions Obtaining and maintaining pasture productivity is a measure to sustain cow grazing systems . From a management
perspective , adopting a rotational grazing system with lax stocking rate may improve the sward quality and indirectly increasethe productivity of pasture in agro‐pastoral transitional zone of northern China .
ReferenceMcNaughton S . J . , F .F . Banyikwa and M .M . McNaughton . (１９９８) . Root biomass and productivity in a grazing ecosystem :the Serengeti . Ecology ７９ : ５８７‐５９２ .
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Effect of stocking density of yak ( Bos grunniens) on floral diversity and biomass of rangeland in
northern Qinghai‐Tibetan Plateau
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Introduction Degradation of alpine rangelands in Qinghai‐Tibetan Plateau was reported by Song et al . ( ２００６ ) and Li et al .(２００６ ) . It is considered that it has been caused by an increase in the numbers of domestic animals following the rise of humanpopulations in addition to global warming . The purpose of this trial was to investigate the effect of stocking density of yaks inset‐stock‐grazing system on vegetation of rangeland in Qinghai‐Tibetan Plateau for preventing the rangelands from deteriorationand desertification .
Materials and methods Experiment was conducted in Elymus nutans‐dominant alpine meadow which was utilized as cold‐season‐grazing paddock from １９９６ to ２００４ in Mengyuan Prefecture , Heibei State , Qinghai Province , China . From May in ２００５ , ３one‐year‐old yaks were set‐stocked in each of paddocks with different stocking rates of heavy ( H ) , moderate ( M ) , light ( L )and control ( C) treatments as given in Table １ . Vegetation was evaluated by ５ ５０ cm x ５０ cm quadrats for each treatment andaboveground biomass were measured by cutting plants in quadrats which were classified into plant species and dried withelectric oven in Augusts , ２００５ and ２００６ .
Results and discussion Vegetation coverage was the highest in C among treatments followed by that in L in ２００５ and ２００６ .Aboveground biomass was negatively correlated with stocking rate in ２００５ ( r ＝ ‐０ .９０３ , p ＜ ０ .１ ) and in ２００６ ( r ＝ ‐０ .９８７ , p ＜
０ .０１ ) , and decreased significantly in M and L between ２ years ( p ＜ ０ .０５ ) . Richness index was the smallest in H amongtreatments but other items did not differed . It was considered that increase of intake which was caused by grow th of yaksdecreased dramatically aboveground biomass between ２ years especially in M and H by overgrazing .
Table 1 Characteristics o f p lant communities in pasture under di f f erent stocking rates .
Item T reatmentHeavy Moderate Light ControlStocking rate , head/ ha ６ 父.２５ ４ 摀.１１ ３ m.２３ ０ GVegetation coverage , ％ ２００５ 蝌８２ 後.５ ± ５ .７c ８５ 技.４ ± ３ .６c ９０ 枛.０ ± ３ .１b ９６ p.６ ± ２ .３a

２００６ ７０ 後.０ ± ５ .０d ８１ 技.０ ± ４ .２c ９４ 枛.６ ± ２ .９b １００ 櫃.０ ± ０ .０aHeight of community , cm ２００５ 蝌１７ 後.８ ± ４ .４ab １６ 技.３ ± ３ .７b １９ 枛.８ ± ４ .１ab ２４ p.１ ± ８ .８a
２００６ 蝌５ 父.２ ± １ .３d ８ 摀.９ ± ２ .３c １４ 枛.５ ± ４ .９b ２５ p.４ ± ２ .４aAboveground biomass , gDM / m２  ２００５ 蝌４４４  .６ ± １３４ .６ ４７３ 邋.９ ± ９４ .７ ５８３ 靠.５ ± １６７ .４ ６０１ 櫃.１ ± １３９ .０
２００６ 蝌２４０  .４ ± ９１ .２c ２８０ 邋.０ ± ５２ .８c ４４２ 靠.８ ± ８４ .４b ６２６ 櫃.４ ± １５９ .０aRichness index , No . of species / m２ Y２０ 後.６ ± ９ .１b ２６ 技.０ ± ４ .９ab ２８ 枛.２ ± ２ .６a ２３ p.６ ± ３ .２abShannon － Wiener diversity index ２ 父.２３８ ± ０ .８２１ ２ 摀.４５４ ± ０ .３５２ ２ m.４９３ ± ０ .２１３ ２ G.５５０ ± ０ .１２８Simpson diversity index ０ 父.８２５ ± ０ .１６９ ０ 摀.８６９ ± ０ .０５３ ０ m.８８６ ± ０ .０３５ ０ G.８９８ ± ０ .０１２Pielow evenness index ０ 父.７５０ ± ０ .１４６ ０ 摀.７５４ ± ０ .０６９ ０ m.７４７ ± ０ .０５３ ０ G.８０８ ± ０ .０３９

a , b , c Mean ± SD with different letters within a row differ significantly at p ＜ ０ .０５ .
Conclusion From these results , proper stocking rate of mature yak older than ２ years old in set‐stock‐grazing system wasestimated to be less than １ .８ head/ ha for securing the enough intake during cold season .
Acknowledgment This research was supported in part by Grant‐in‐Aids for Scientific Research No .１６ .０４４８２ f rom Japan Societyfor Promotion of Science and in part by the Scientific Research Foundation for the Returned Overseas Chinese Scholars , StateMinistry of Personnel .
ReferencesSong R . , Hasegawa N . , Idota S . , Li G . , Nishiwaki A . , Jiu C . , Xu N . , Zhou Q . ( ２００６ ) . Botanical composition ,aboveground biomass and grazing behaviour of yak ( Bos grunniens ) in the southern rangeland of Qinghai Province , China .

A cta Prataculturae Sinica . １５ ( suppl .) . ２８９‐２９１ .Li G . , Hasegawa N . , Song R . , Fukuda A . , Li H . , Xu Y . , Xu N . ( ２００７ ) . Spatial variety in vegetation of Potentilla
f ruticosa rangeland rotationally grazed by yak ( Bos grunniens ) in warm and cold seasons on the distance to night paddock innorthern Qinghai‐Tibetan Plateau . A nimal Behav iour and Management . ４３ . ８３‐９８ .( in Japanese with English abstract)
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Flexibility nutrition substance dynamic of Seriphidium transiliense under three enclosure status
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Introduction Seriphidium transiliense , semi‐shrub , mainly distributing in Xinjiang of China ( Sun , et al , ２００６ ) , had highfeeding value in desert pasture of Xinjiang . Because of mainly utilized as spring‐autumn pasture , degeneration of S . transiliensedesert pasture was very serious and had became bottleneck of restricting the development of seasonal stock breading in North ofXinjiang . In order to protecting desert pasture , enclosure was applied . The dynamics changes and differences for flexibilitynutrition substance of S . transiliense roots were compared among different enclosure status .
Materials and methods The study site located in Ashli country in changji city , Xinjiang ( N４３°４９′ ～ ４３°５６′ , E８７°０２′ ～ ８７°０５′ ,
７００ ～ １０００ m above sea level) . Three treatments were done based on survey of S . transiliense desert pasture , namely perennialenclosure ( no grazing at least ２０ year , PE) , forbidding grazing ( forbidding grazing in ２００２‐２００４ , then began to grazing in Mayand June , Oct . and Nov . each year , FG) and continuous grazing ( grazing in Apr . and June , Sept . and Nov . each year , CG) .Herbage root samples were collected in Apr . and Nov . ２００６ . Solubility carbohydrate , Starch and crude protein concentrationsof roots were respectively quantified according to the procedure of Li (２０００) and Yang (１９９３) . Analysis of variance ( ANOVA)was performed for differences through Duncan .

　 　 Figure 1 E f f ect on f lex ibility nutrition substance o fS .transillense roots under three enclosure status .

Results and discussion Lots of studies suggested that mowing and
grazing could effect contents and distribution of plant hoardingsubstance , which could reflect strategy of adapting environment
( Olson ,et al , １９９７ ; Loewe et al ,２０００ ) . The hoarding substanceof S . transillense under the three enclosure model was shown inFigure １ . Soluble carbohydrate contents of roots emerged a
�single peak�trend , and the highest contents was respectively
５３ .４ , ３６ .８ , ３２ .６ mg/ g for PE , FG , CG ( Figure １A ) . Starchcontents had obvious fluctuation , and appeared three inverse
�V� type , but finished store before １７

th Oct . ( Figure １B ) .Crude protein contents appeared�down‐up‐down�trend , and theemerging date and duration of peak was different ( Figure １C ) .Figure １ showed that contents of soluble carbohydrate , starchand crude protein had significant difference among threeenclosure status ( P ＜ ０ . ０５ ) , and the sequence of solublecarbohydrate was PE ＞ FG ＞ CG , that of starch was PE ＞ CG ＞FG . Crude protein contents of CG was higher than that of PE( P
＜ ０ .０５) , but FG appeared instability .
Conclusions Enclosure could accumulate contents ofcarbohydrate , and continuous grazing could stimulate theincrease of crude protein . Reverting back to continuous grazingafter short period enclosure was not benefit to the continualdevelopment of desert pasture .
ReferencesLI He‐sheng , ( ２０００ ) . Experimental Principle and Technique ofPlant Physiology and Biochemistry . Beijing : HigherEducation Press ,１９５‐１９７ .Olson B E ,Wallander R T . ,(１９９７) . Biomass and carbohydratesof spotted knapweed and Idaho fescue af ter repeated grazing .

Range Manage ,５０ ,４０９‐４１２ .SUN Hui‐zhong , HE Xue‐li , ( ２００６ ) . The germplasm resourceof plant species in seriphidium genus and their utilization .
Journal o f Southwest Forestry College , ２６ ,６７‐７０ ,７８ .Yang Sheng . Technology of Feed Analysis and Quality Test .Beijing : Beijing Agricultural University Press ,１９９３ .
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Effects of cattle grazing on survival and regrowth of Miscanthus sinensis tillers
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Introduction Miscanthus sinensis is one of the major native grass species in eastern Asia . Although it has been recognized that
Miscanthus grasslands were maintained by moderate use ( e .g . , cutting , burning or grazing ) , a long‐term experiment recentlyindicated that the grasslands were deteriorated by cattle grazing ( Hirata et al . , ２００７) . This suggests that cattle grazing givesdifferent impacts on M . sinensis in comparison with cutting . The aim of this study was to investigate the relationships betweendamages of tillers to M . sinensis by cattle grazing and deterioration of Miscanthus grasslands .

　 　 Figure 1 The relationships o f the degree o f the damages
( de f oliation o f leaves / shoot apex , and tramp ling o f tiller)
to graz ing intensity .

Materials and methods The study was conducted in earlyJune ( early summer ) , August ( late summer ) andSeptember ( early autumn ) ２００５ , at a Miscanthusgrassland ( ３畅７ ha) in Kawatabi Field Science Center ,Graduate School of Agricultural Science , TohokuUniversity . Nine paddocks ( ８ m × ８ m each ) wereestablished in the grassland . Before the grazing periodin each season , M . sinensis tillers were categorized intoeither wintering tillers , first new tillers or second newtillers based on their height , and ４０ tillers of eachcategory were tagged . Two , ４ and ６ steers ( mean BWwas ２７０ kg ) were grazed for ４０ min in three paddocks ineach season , to set grazing intensity for １４ , ２８ and ４２animal unit ( AU ) 爛 days/ ha . In mid‐summer and earlyautumn , ５６ and ８４ AU 爛 days/ ha were also establishedby grazing again in the same paddock . Af ter eachgrazing period , the degree of damage of the tillers( defoliation of leaves , defoliation of shoot apexes , ortrampling of tiller ) and the proportion of survival , andthe heights of leaves were recorded .
Results and discussion In wintering tillers , ５０‐９８％ ofleaves and ２０‐４８％ of shoot apexes were defoliated overthe grazing seasons ( Figure １ ) . The percentage oftrampling , which is specific to grazing condition ,

　 　 Figure 2 The relationships o f the de f oliation o f shoot apex
and the tramp ling o f tiller to graz ing intensity .

increased with the increase of grazing intensity and
reached ４０‐５３％ in mid‐summer to autumn in winteringtillers . The proportion of surviving tillers was lowest( １５‐２７％ ) when their shoots were trampled . Meanheight of leaves in the tillers , which reveals the degree ofregrow th after last grazing period , decreased by both ofthe defoliation of shoot apex and the trampling . Therelationships of total proportion of the defoliation ofshoot apex and the trampling to grazing intensity ( Figure
２ ) indicates that the damage of M . sinensis tillers waslow when grazing intensity was less than ４２ AU 爛 days/ha .
Conclusions The study indicates the sensitiveness of M .
sinensis tillers to defoliation of shoot apex and thetrampling by grazing cattle , and suggests that Miscanthus grasslands would be maintained if cattle was grazed at less than ４２AU 爛 days/ ha in autumn , by keeping down damages of plant parts which result in the deterioration of M . sinensis .
ReferenceHirata , M . , Hasegawa , N . , Nogami , K . , Sonoda , T . , ( ２００７ ) . Tuf t , shoot and leaf dynamics in Miscanthus sinensis in ayoung tree plantation under cattle grazing . T rop ical G rasslands ４１ , １１３‐１２８ .
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Introduction The previous study showed that survival and regrow th of Miscanthus sinensis tillers were sensitive to defoliation ofshoot apex and the trampling by grazing cattle ( Takahashi et al . , ２００８ ) . It is generally recognized that grazing herbivoresselect plant species and plant parts to maximize their intake rate ( Gross et al . , １９９３) . However , there is little information onforaging response of herbivores to sward structure in the long grass , M . sinsnsis . The aim of this study is to understand therelationships between harvesting height of cattle and vertical distribution of plant parts in a Miscanthus sinensis grassland .
Materials and methods The study was conducted on June‐July ( summer) and September ( autumn) in ２００３ , at a Miscanthusgrassland ( １ .２ ha) in Kawatabi Field Science Center , Graduate School of Agricultural Science , Tohoku University . In the twoseasons , eight steers were grazed in the grassland for ５‐７ days at ２９ .７‐３７ .８ animal unit ( AU ) 爛 days/ ha . Before grazing ineach season , leaf density was estimated as frequency of occurrence measured for every layer at a ２０ cm height interval from theground in the canopy of M . sinensis , w ithin ９ plots (５０ cm × ５０ cm each) . Standing crop ( the mass of leaves and stems) wasalso measured by cutting within the plots . During each grazing period , the number of bites taken by steers was counted ( ３‐１４hours , ３ days) by visual observation , and proportion of the bites in individual layers to the total bites was calculated .
Results and discussion Leaf mass was high in layers of ２０‐８０ cm in summer ( ４２‐７８ g DM /m２ ) , and nearly equal in individuallayers of ０ ８０ cm in autumn (３３‐５１ g DM /m２ ) ( Figure １) . Vertical distribution of leaf density was similar to that of leaf mass .Proportion of bites taken by steers was highest in layer of ２０ ８０ cm ( in which , leaf density was more than ８４％ ) in bothseasons . Leaf mass in individual layers was significantly related to leaf density of the layers ( Figure ２ ; P ＜ ０ .００１ ) , meaningthat leaf density well revealed vertical distribution of leaf mass in M . sinensis . Proportion of bites taken by steers increasedcurvilinearly with increasing leaf density in individual layers ( Figure ３ ; P ＜ ０ .００１ ) . The result indicates that cattle stronglytake bites from layers having more available leaf mass .

Figure 1 Vertical distribution o f lea f and
stem in M . sinensis and p roportion o f bites
taken by graz ing steers .

　

Figure 2 The relationship o f
lea f mass to leaf density in theM . sinensis grassland .

　

Figure 3 The relationship o f
p roportion o f bites taken by
graz ing steers to p roportion
o f leaf density in the M .sinensis grassland .

Conclusions Grazing cattle selected the layers with high leaf mass in both seasons . This selectivity in harvesting heightsprobably gives severe impacts on M . sinensis ( Takahashi et al . , ２００８) , which cause deterioration of Miscanthus grasslands .
ReferencesGross , J .E . , Hobbs , N . T . , Spalinger , D .E . , Wunder , B .A . , ( １９９３ ) . Functional response of herbivores in food‐concentrated patches : tests of a mechanistic model . Ecology ７４ , ７７８‐７９１ .Takahashi , T . , Shishido , T . , Ogura , S . , Sato , S . , ( ２００８ ) . Effect of above‐ground damages of Miscanthus sinensis withcattle grazing on deterioration of Miscanthus grassland . Proc . IGC / IRC Congress , H uhhot , China . ( in press)
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Introduction Allelopathy is defined as any directly or indirectly beneficial or detrimental effect by one plant on another through
production of chemical compounds that are released into their environment ( Rice , １９８４ ) . Allelopathy helps to elucidate the
phenomena such as the composition and distribution of plants . The research in this area on rangeland is very scarce . The
objective of this research was to assess the allelopathy through the germination response of different species to the aqueous
leachate from residues of dominant rangeland plants .
Materials and methods Residues of Stip a bungeana T rin ,Lespedez a davurica( Laxm .) Schindl , and A rtemisa cap illaris Thunb
were collected during July ２００６ , air‐dried and used as donor plants prepared for the aqueous leachate . Native species seeds of .
L . davurica , A .cap illaris , and Potentilla bi f urca were receptor plants . All materials were from an agriculture and pasturage
interlaced zone of Huanxian in the northern part of China . Three treatments were imposed with three replicates . The solutions
were bioassayed at different concentrations ( ２ .５％ , ５％ , １０％ ) . Seeds of each species were germinated in Petri dishes and
moistened with different concentrations . By using seed germination rate , germination speed and RI , we assessed their
allelopathic potential . All data were analyzed with SPSS １３ .０ .
Results Aqueous leachate from residue of dominant species showed a significant inhibition of germination rate ( Figure １ ) and
delay in germination speed ( Figure ２ ) . When watered with each concentration of solutions , the allelopathy of Bunge
Needlegrass was weaker compared with other two plants摧 aqueous leachate ( Figure ３ ) . The results provide evidence for
potential allelopathic inhibition by the three dominant species on their associated species by delaying or totally inhibiting
germination depending on the concentration .

Figure 1 The in f luence o f aqueous
leachates f rom three p lant摧s
residues on P . bifurca germination
rate( P ＜ 0 .05) .

　 　

Figure 2 The in f luence o f aqueous
leachates f rom three p lant摧s residues
on P .bifurca germination speed ( P ＜

0 .05) .

　 　

Figure 3 The RI ( response index ) o f
three aqueous leachates to P .bifurca .

Conclusions The population distribution structure and dynamics are not only affected by the environment but also affected by
allelopathy which is the biochemical basis to aid stabilization of an ecosystem . Demonstrating the allelopathy in a natural
ecosystem and exploring interconnections with other ecology processes influencing ecosystem functions will make a significant
contribution to sustainable management of the natural resource .
Reference
Rice , E .L . , (１９８４ ) . Allelopathy . New York . : Academic Press . ４２１ .
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Introduction In order to better understand and manage rangeland ecosystems , it is important to study the relationship betweenenvironmental factors and plants in these ecosystems ( Jafari et al . , ２００３ ) . The objective of this research was to study therelationships between soil characteristics and vegetation in order to find the most effective factors in the separation of the plantcommunities .
Material and methods Vegetation data including Abundance‐Dominance were estimated within each quadrat( Table １) . Two‐wayindicator species analysis ( TWINSPAN ) , was used to classification of vegetation into different groups . Soil characteristicsincluding ; PH , EC and OC( Table １) , were taken in each quadrat . Multivariate techniques including detrended correspondenceanalysis(DCA) was used to analyse the collected data( Torkan , ２００６) .
Table 1 Ecological series f or soil characteristics at Naz lochai Basin in West A z arbai j an rangelands o f I ran .No . Quadrat ７ +１６  １ 哪１９ ＃６ ]１１ <４ 鲻１３ 照１７ 　３ \１５ :２ 貂９ 亮２０ 牋１０ l１８ 9８ 篌１４ 乙１２ 灋５ vOC ２  .６ ３ 栽.９ ３ 牋.６ ３ m.４ ３ 9.４ １  .２ ３ 乙.７ ２ 煙.８ ２ k.５ １ 8.９ ２ (１ 蜒.２ １ 潩.４ ２ j.６ ３ 6.９ ２  .１ ２ 舷.２ ３ 湝.５ ２ 寣２ R.１Ph ６ +５ 栽.２ ５ 牋.４ ５ m.５ ５ 9.６ ５  .６ ５ 乙.４ ６ 妹６ k.１ ６ 8.１ ６  .５ ５ 蜒.７ ５ 潩.８ ６ 帋５ 6.２ ６  .６ ６ 舷.６ ６ 湝.５ ６ h.８ ６ R.８EC ２  .３ １ 栽.９ ２ 牋.７ ２ m.７ １ 9.４ １  .７ ２ 乙.７ ３ 煙.５ １ k.１ １ 8.５ ３  .７ ２ 貂３ 潩.３ ２ j.２ ２ 6.１ ３  .７ ３ 舷.７ ２ 湝.４ ３ h.２ ３ R.４
L inum cartharticum ２ �２ 哪１ 憫２ ]２ 鲻１ 妹１ 亮
A lopecurus p ratensis ２ +１ 憫２ *１ 弿３ \２ 貂２ 帋
Polygonum bistorta １ (１ 篌２ v
Koeleria cristata １ 哪３ ]２ 鲻２ Z２ 览
Geum rivale １ +１ 憫２ ]１ 妹２ 弿１ 貂
Prunella vulgaris １ ]２ 妹１ \３ 亮２ 帋
Scabiosa columbaria ２ �２ 憫１ 鲻１ 览
Campanula glomerata ２ �１ ]２ *２ 鲻３ 貂２ 亮１ Z１ 览
Festuca p ratensis ２ \１ 篌３ 寣３ v
V iola hirta １ �２ 憫２ *１ 鲻２ 妹１ 亮２ 览
Briz a media ２ 哪１ 憫１ ]２ 妹１ 貂３ Z
Bromus tomentellus ２ �１ 鲻３ Z３ 览
Festuca ov ina ２ +２ 憫１ ]３ *１ 弿２ \１ 亮３ 帋
A juga rep tans １ *２ 妹１ 弿１ 亮１ 帋
T risetum f lavescens ３ 弿１ \３ '２ 篌２ 寣
Thymus serp yllum １ �３ 哪２ 憫２ 鲻１ Z１ 览
Cirsium oleraceum ２ �１ 弿３ (１ '３ 篌１ 寣
Deschampsia caesp itosa ２ 憫１ ]２ \３ (２ '１ 览１

Results and discussion vegetation of the study area was classified into ３ groups . Each groups differs from the other in terms ofits environmental needs . The results of DCA ordination ( Figure １ ) showed ; PH is effective factors in the distribution ofvegetation types .

Figure 1 DCA‐ordination diagram o f the vegetation types related to the soil characteristics in Table １ .

Conclusions The results showed that the vegetation distribution pattern was mainly related to soil characteristics . Totally ,considering the habitat conditions , ecological needs and tolerance range each plant species has a significant relation with soilproperties . Analyzing ecological data using ordination methods ( e .g . DCA ) makes simpler understanding of the complexrelationship between plants and environmental gradients . In addition , these methods prevent presence of ineffective factors anddata complexity from affecting ecological models( Jafari et al . , ２００３) .
ReferenceJafari , M . , Zare Chahouki , M . , Tavili , A . , Azarnivand , H . , and Zahedi Amiri , GH . , ( ２００３ ) . Effective environmentalfactors in the distribution of vegetation types in Poshtkouh rangelands of Yazd Province ( Iran) , J .Ar . Envi . ,５６ ,６２７‐６４１ .
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Effects of herbage species on the spatial heterogeneity of biomass in grazed pasture : Kentucky
bluegrass vs . White clover
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1 National Institute o f L ivestock and Grassland Science , Nasushiobara , Tochigi 329 － 2793 , Japan ; 2 Present A ddress :
National A gricultural Research Center f or Western Region , Ohda , Shimane 694 － 0013 , Japan ; 3 Tohoku University ,
Osaki , M iyagi 989 － 6711 , Japan . E‐mail : mcot＠ af f rc .go .j p

Key words : calf , grazing pressure , Poa p ratensis , rising plate meter , T ri f olium repens

Introduction Recently , the spatial heterogeneity of plant biomass in grassland has been investigated from various approaches .However , those previous studies did not address the following aspect :�if different plant species are grown in grassland , willthe dynamics of spatial heterogeneity of the biomass differ ?" . This problem is important in evaluating the universality of theresults of previous researches concerning the spatial heterogeneity of plant biomass . We investigated whether the differentherbage species , for example Kentucky bluegrass ( Poa p ratensis L . , KB) and white clover ( T ri f olium repens L . , WC ) ,influence the spatial heterogeneity of the biomass in grazed pasture .
Materials and methods Three pastures ( each １０ a in area) were established as follows : the first consisted of ３０％ KB‐dominatedpasture and ７０％ WC‐dominated pasture , the second consisted of ５０％ KB and ５０％ WC , and the third contained ７０ ％ KB and
３０％ WC by ground area . The grazing experiments were carried out in ７ successive days for periods I ( from ８th to １５th May) ,II ( from ２９th May to ５th June) and III ( from １９th to ２６th June) in ２００６ . Three groups of two Holstein castrated calves ( meanage １８６ ± ５５ days and mean liveweight １５４ .２ ± ３０ .７ kg ) were the subjects for the study .Aboveground biomass was measured at
５０ points in each area ( KB or WC dominated) of the three pastures with a Filip摧s Folding Sward Meter ( Jenquip , New Zealand)every morning ( grazing period and the next day) . Behavioural observations were carried out in each test period ( Fukasawa etal . , ２００７ ) . The observers recorded which calf ate KB or WC during the morning meal and the evening meal on eachobservation day . In the results of the behavioural observations , the selectivity for each species area of the calf groups duringeach experiment period was stable . Therefore , we considered the following unit as grazing pressure : head 爛 min 爛 ８ h‐１ 爛 a‐１
（liveweight ５００ kg ＝ １ head ) . The spatial heterogeneity of biomass was evaluated using SD ( standard deviation ) and CV( coefficient of variation) of the biomass ( g DM ０ .２５ m‐２ ) .We applied GLM ( general linear model) to the SD and CV using theherbage species , average biomass , grazing pressure , paddocks , and experimental periods as autonomous variables .
Results and discussion Though the effects of herbage species on SD and CV were not significant , the effects of the interactionsbetween herbage species , and paddocks and experimental periods were significant ( GLM , P ＜ ０ .０５ ) . In both KB and WCareas , positive correlations were found between the average and the SD of biomass , between the CV of biomass and grazingpressure , and no significant correlations between the SD and grazing pressure ( Table １) . No significant correlations were foundbetween the average and the CV in KB areas , while negative correlations were found in the WC areas . The results suggest thatthe spatial heterogeneity dynamics were apparently different between the KB and WC areas even in such a short term .

Table1 Correlation matrix between average , SD and CV o f biomass ( g DM 0 .25 m‐2 ) , and graz ing p ressure (head 爛 min 爛 8
h‐1 爛 a‐1 ) on each o f K B and WC areas .

KB WC
Average SD CV Average SD CV

SD ０ <.８２倡倡倡
０ 煙.５２倡倡倡

CV ‐０ z.０６ ０ �.５１倡倡倡
‐０ �.５９倡倡倡

０ i.３５倡倡

Grazing pressure ‐０ K.４６倡倡倡
‐０ 7.１８ ０ 抖.４１倡倡倡

‐０ �.５２倡倡倡
０ 妸.０７ ０  .６４倡倡倡

倡倡 P＜ ０ .０１ ,倡倡倡 P＜ ０ .００１ .

Conclusion We should understand that the dynamics of the spatial heterogeneity of grasslands can be modified by the differencesof herbage species .
ReferenceFukasawa , M . , Tachi , N . , Tsutsumi , M . , Kosako , T . , Tsukada , H . , (２００７) . The effect of area proportion of Kentuckybluegrass and white clover swards on diet selection of calf . Japanese Journal o f G rassland Science , ５３ ( Ext .) , ２８０ － ２８１( in Japanese only ) .
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Changes in sward composition under different grazing management
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Crop Research Institute , Prague , CZ‐460 11 , L iberec , Czech Republic . E‐mail : p av lu＠ vurv .cz
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Introduction Suitable grassland management and its intensity depended on present vegetation , local possibilities and our target
goal . Grazing seems to be an interesting alternative to cutting in order to maintain species‐rich grasslands .
Materials and methods Introducing intensive and extensive grazing on abandoned grassland was studied in years １９９８‐２００４ .Applied treatments were : intensive grazing ( IG) , １st cut followed by intensive grazing ( ICG) , ex tensive grazing ( EG) , １st cutfollowed by extensive grazing ( ECG ) , and unmanaged grassland ( U ) as the control . Experimental paddocks were replicatedtw ice . Relevés were made in permanent １ m × １ m plots using a continuous grid of nine ０ .３３ m × ０ .３３ m subplots in four

Figure1 PRC f or di f f erent treatments ECG ( ＿ ＿ ＿ ) ,EG ( ） ， ICG ( . . . . . .) , IG ( ） during the ex periment . The
unmanaged treatment ( U ) w as taken as a re f erence treatment . A bbrev iation : Aegpo‐Aegopodium podagraria , Agrcap‐Agrostis capillaris , Alopr‐Alopecurus pratensis , Anenem‐Anemone nemorosa , Cerhol‐Cerastium holosteoides , Cirar‐Cirsiumarvense , Galal‐Galium album , Holmol‐Holcus mollis , Hypmac‐Hypericum maculatum , Lotul‐Lotus uliginosus , Poatr‐Poatrivialis , Ranrep‐Ranunculus repens , Tarspp‐Taraxacum spp . , T rifrep‐T rifolium repens , Urtdi‐Urtica dioica , Verse‐Veronica serphylifolia , Viccr‐Vicia cracca .
replications in each paddock . Redunfdancy analysis ( RDA) and principal response curves ( PRC) in the CANOCO program wasused to evaluate vegetation data .
Results and discussion There was a shif t from tall to short plant species in all managed treatments , which indicated the change in
grassland community . PRC analyses based on RDA shows that diversification in plant species composition created by differentdefoliation occurred in the fourth year of the study ( Figure １ ) . All management treatments with negative PRC scores havehigher abundance of Taraxacum spp . , A . cap illaris and T . repens , whereas unmanaged plots become dominated by tallspecies (A egopodium podagraria , Galium album , A lopecurus p ratensis , Holcus mollis , V icia cracca , Cirsium arvense ,
H ypericum maculatum and Urtica dioica) .
Conclusion Plant species composition of semi‐natural grasslands is affected by the defoliation regime ( Pavlu° et al . ２００７) .
Ackowledgement This research was supported by MACR ０００２７００６０１ and MECR SP/２D３ /１７９ /０７ .
ReferencePavlu° , V . , Hejcman , M . , Pavlu° , L . ,Gaisler , J . ２００７ . Restoration of grazing management and its effect on vegetation in anupland grassland . A p p . Veg . Sci . １０ , ３７５‐３８２ .



瞯 ]526　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Effect of grazing gradients on soil microbe variation in Inner Mongolia steppe
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Introduction Soil microbes are very important parts in grassland ecosystem . It forms a powerful dynamical resources store and
plays a key role in plant residues decomposition , humus formation and nutrients transition and cycle . Numerous studies havesuggested that grazing by livestock will influence soil physical and chemical qualities on grassland while soil microbe will
promote nutrients transition under reasonable grazing density . we detected the variation of soil microbes .
Material and methods The site is located in Chifeng Dalinor National Natural Reserve of Inner Mongolia( １１６°３８′ ～ １１６°４１′N ,
４３°２５′ ～ ４３°２７′E) . Annual average temperature is １ ～ ２ ℃ ,annual accumulate temperature over １０ ℃ is １３００ ～ １７００ ℃ .Vegetation type is Leymus chinensis ＋ Stip a grandis ＋ Cleistogenes squarrosa and dark chestnut soil . Four grazing gradientsarranged from heavy grazing ( HG ) , moderate grazing ( MG ) , light grazing ( LG ) and no grazing ( CK ) . Soil samples formicrobe analysis were collected to a depth of ２０ cm by an auger of ８cm diameter and divided into three sections ( ０‐５cm , ５‐１０cm , １０‐２０ cm) . Three replicates in each grazing gradients and five points mixed . Soil microbe data in the study is the totalnumber of three sections . Soil samples collecting for soil moisture , PH and bulk density is also divided in three sections justlike the method of soil microbe . Statistical analysis was done by SPSS １５ .０ .
Results The trend of Bacillus was HG ＞ MG ＞ LG ＞ CK and there were no significant differences among grazing gradients( Table
１) .
Table 1 Soil microbe v ariation (c f u / g dry soil) .
Grazing gradients Bacteria

( × １０６ )
Bacillus
( × １０

６ )
Mold
( × １０

４ )
Actinomyces
( × １０

６ )
Bacterium of nitrogenfixation( × １０

６ )HG ４ ..７０ ± ２ .０４ba ２  .２２ ± １ .１８a ０ 沣.８３ ± ０ .３２a ３ 浇.５５ ± １ .２３a ０ 棗.８７ ± ０ .３６ba
MG ４ ..２３ ± ０ .７０ba １  .６３ ± ０ .６４a ０ 沣.６６ ± ０ .０６a ３ 浇.１３ ± ０ .４３a ０ 棗.８６ ± ０ .２８ba
LG ７ ..６３ ± ３ .８１a １  .５６ ± １ .０１a １ 沣.１３ ± ０ .４４a ５ 浇.１６ ± ０ .７１a １ 棗.２２ ± ０ .２７a
CK ２ ..２３ ± ０ .３２b ０  .６４ ± ０ .６１a ０ 沣.９６ ± ０ .２８a ４ 浇.７７ ± １ .８１a ０ 棗.６４ ± ０ .０８b
The same or different letters mean no significance or significant between different grazing gradients ( P ＜ ０ .０５)
Bacteria , bacillus , bacterium of nitrogen fixation are negatively correlated with soil moisture . Mold and Actinomyces are
positively correlated with soil moisture . Mold and Actinomyces are positively correlated with soil pH( Table ２) .
Table 2 Correlations between soil indicators and di f f erent microbial groups .
Soil indicators Bacterial Bacillus Mold Actinomyces Bacterium of nitrogen fixation
Soil moisture ‐０ 1.３５２ ‐０ 镲.４９８ ０ 崓.５８３ 倡

０ J.３６６ ‐０  .４３８
PH ０  .１７９ ０ 行.０４４ ０ 崓.５４５ ０ J.４６７ ‐０  .２４３
Bulk density ‐０ 1.０８１ ‐０ 镲.２９７ ０ 崓.１８８ ０ J.０５１ ０ 葺.６０４ 倡

Significant correlation on ０ .０５ level .
Conclusions Grassland utilization will affect soil microbes . The variance of soil microbes in different grazing gradients isobviously . Soil microbe will decrease when grazing density increased . Soil microbial groups in LG are higher than that of otherthree gradients except Bacillus group . This result suggests that reasonable grazing density will increase microbial quantity . Soilenvironmental factors are positively or negatively affect soil microbial quantity . All the five microbial groups will affect by soilmoisture . Mold and Becillus are mainly affected by soil pH . Bacterium of nitrogen fixation has a close relation to soil bulkdensity .
ReferencesLiao Y N , Zhang G Z , Zhao J . The microbial characteristics of decomposing on plant material of A neurolep idium Chinese and
stip a grandis in different phonological periods in steppe . Research on grassland ecosystem ( No .４ ) , Beijing : Science press ,
１９９２ . １５１‐１５８ .Guo G X , Zhu T C . Study on numbers and biomass of soil microorganism in A neurolep idium Chinese Grassland . A cta
Ecologica Scinica , １９９７ , １７ (１ ) : ７８‐８２ .Yao T , Yang J X , Jing Y , et al . Population and ecological characteristics of soil fungi in larch plantation on Qinlingmountains . Chinese Journal o f Ecology , １９９８ , １７(４) :７‐１３ .
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Introduction We found the AMF colonization of A .odoratum not correlated with soil pH , and coverage of A .odoratum stronglycorrelated with AMF colonization in our field study (Wu et al . ２００６) . In addition , we also found the mycorrhizal colonization ,total spore number in rhizosphere of A .odoratum prominently higher than that of the D .glomerata , respectively . The sporedensity of A .odoratum and D .glomerata were of １５ and ４ spores per １０g fresh soil , respectively . Four different morphologicaltypes of spores occurred in rhizosphere of A .odoratum and only one morphological type of spore occurred in rhizosphere of D .
glomerata . These results suggest that the A .odoratum invade and extend in severity acidic pasture origin of this specificity onarbuscular mycorrhizal symbiosis in acidic soil other than D .glomerata . In present study , we explored the effect of soil pH inmycorrhizal colonization , P uptake and grow th of both plants by glasshouse experiment .
Materials and methods Plant materials : D .glomerata , is grass ; A .odoratum , is weed . T reatment and soil modulate : allexperiment include ２ ( soil sterilized and non sterilized ) x ４ ( pH ＝ ３ , ４ ( control ) , ５ , ６ ) ＝ ８ treatments . Cultivating soilcollected from an acidic artificial pasture ( pH ＝ ４) , soil sterilized by benomyl ( Fitter and Nichols １９８８) , soil pH modulated byNaOH . Planting and harvest : ４ seedlings of D .glomerata and A .odoratum mixed planting to per pot respectively at ２ Jun
２００３ , all treatment harvested at ２ September ２００３ . Measures : The roots were stained with trypan blue / lactic acid and themycorrhizal colonization ( percentage of root infected by arbuscular mycorrhizal fungi) was calculated using the line‐intersectmethod ( Giovannettti and Mosse １９８０ ) . Shoot biomass and P content measured after drying at ７０ ℃ with ４８h . Experimentconducted in farm of college of Agricultural Science of Tohoku University , Osaki , Miyagi prefecture , Japan (３８°４５′N ,１４０°４５′E) .
Results Significantly positive correlation occurred in soil pH between Mycorrhizal colonization of D .glomerata , but the A .
odoratum was not yet . A significantly positive correlation occurred in mycorrhizal colonization between shoot dry mass of both
plants . Also a significantly positive correlation occurred in mycorrhizal colonization between shoot P content of both plants( Table １) .
Table 1 Regression equations o f some parameters o f D .glomerata and A .odoratum .
Plants regression equations
D .glomerata y１ ＝ １０ -.０７x１‐２４ .７０ ,r ＝ ０ .８９４ ,p ＜ ０ .０００１ y２ ＝ ０ 适.０１x２ ＋ ０ .２３ ,r ＝ ０ .８６７ ,p ＝ ０ .０００３ y３ ＝ ０ 晻.０４x２ ＋ ２ .３２ ,r ＝ ０ .７４８ ,p ＝ ０ .００５
A .odoratum y１ ＝ １ �.８０x１ ＋ ２０ .０５ ,r ＝ ０ .２４３ ,p ＝ ０ .４４６ y２ ＝ ０ 适.０１x２ ＋ ０ .２１ ,r ＝ ０ .７７８ ,p ＝ ０ .００２９ y３ ＝ ０ 晻.０７x３ ＋ １ .６１ ,r ＝ ０ .７９７ ,p ＝ ０ .００２

y１ Mycorrhizal colonization , x１ soil pH , y２ shoot dry mass , x２ Mycorrhizal colonization , y３ shoot P content , x３ Mycorrhizal colonization .
Conclusions Based on these results , we concluded that the A .odoratum have a specific mycorrhizal symbiosis in acid soilcondition . Mycorrhizal colonization of D .glomerata strongly affected by soil pH , but the A .odoratum was not yet , mycorrhizalcolonization of D .glomerata significantly decreased by declined the soil pH , result to decrease the nutrient uptake , grow th ,acidity tolerance and competition ability of D .glomerata , conduced its declined . On the contrary , mycorrhizal colonization of
A .odoratum not decreased by declined the soil pH , the mycorrhizal symbiosis led to a positive effect on nutrient uptake ,grow th , acid tolerance and competition ability of A .odoratum . Consider to A .odoratum invade and extend in severity acidicartificial pasture origin of this specificity on arbuscular mycorrhizal symbiosis in acidic soil other than D .glomerata . Our resultshave a important meaning and value reference on understand to mechanism of invade and extend in severity acidic artificial
pasture by A .odoratum and declined of D .glomerata in same condition .
ReferencesWu En , G .R . Xin , K .Sugawara , et al . ( ２００６ ) . Effect of acidic soil on arbuscular mycorhhizal symbiosis of A nthoxanthum

odoratum L . Acta agrestia sinica １４ (２) : １５２‐１５５ .Fitter ,A .H . and Nichols ,R . ( １９８８ ) . The use of benomyl to control infection by vesicular‐arbuscular mycorrhizal fungi . Newphytol . １１０ :２０１‐２０６ .Giovannettti M .and Mosse B . (１９８０ ) . An evaluation of techniques for measuring VAM infection in roots . New phytol . ８４ :
４８９‐５００ .



瞯 ]528　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Impact of grazing densities , animal types , supplemental feedings on forest‐steppe pasture
S .Y amasaki , K .Shimoda , B .Baasanj albuu , L .Narangerel , D .Pagmaa , A .H irano , K .Shindo , N .Togtokhbayar , K .
Toriyama
A nimal Production and G rassland Div ision , Japan International Research Center f or A gricultural Sciences ( J IRCA S ) ,
Tsukuba 305‐8686 , Jap an . E‐mail : sshymsk＠ j ircas .af f rc .go .j p

Key words : A rtemisia f rigida , grazing pressure , herbage consumption , pasture degradation , Stipa kry lov ii
Introduction The pastoral livestock production system carried on in natural open pastures in Mongolia has played a crucial rolein the domestic economy . Socio‐economic reform included the introduction of a market economy , which was accelerated in theearly １９９０s , exerted a large influence on the system : the livestock population continued to increase ; it reached historical high
３２ .９ million in １９９８ ; and the number of herders continued to increase in the １９９０s . In the course of the changing , excessivegrazing in natural pastures especially in and around centers was alarming as herders and livestock were more denselyconcentrated there than in other areas ( Enkhamgalan , １９９５ ) . These situations , which have continued until today , maydemonstrate the decreasing sustainability of the production system . Then , JIRCAS and Mongolian State University ofAgriculture have been conducting a project entitled �Development of a Sustainable Agro‐Pastoral System in the Dry Areas ofNortheast Asia ( Apr ２００６‐Mar ２０１１ ) " to solve conflicting problems , such as pasture conservation , and increasing ormaintaining the herders摧 income . An experiment was started in/ nearby the animal and human population center . This paperintroduces the experiment , and some of its first‐year results are presented .
Material and methods The experiment was conducted between ３１ May and ９ Oct , ２００７ at Bornuur district ( N４８°４１′ , E１０６°
１５′) , Tuv prefecture of Mongolia , where the vegetative type is forest‐steppe . It is during this time of year that many of herdersmove their habitation from the winter‐spring to the summer‐autumn camp site . A gently sloped , but flat , land with an area ofnearly ３０ ha was chosen for the experiment . Stip a kry lov ii , A rtemisia f rigida were dominant uniformly at the site . Twenty‐three ha of the area was fenced using cement and tree poles , and barbed wire ; then the area was divided into nine paddocksusing the same materials as follows : one cattle paddock (８ ha , C) , one goat paddock (１ .８ ha , G) , six sheep paddocks (１ ha ,SH ; ４ ha , SL ; and four paddocks of ２ ha , SE , SM , S０ .５ and S１ .０) and one no grazing paddock (C０ ) . Four cattle , six goatsand six sheep with an average initial bodyweight ( BW) of ２２０ .６ ( standard deviation ( STD) , １５ .３ ) , ２８ .９ (１ .９) and ３６ .６ (３ .
０) , respectively , grazed in each of paddocks . The sheep in S０ .５ and S１ .０ were supplementary fed wheat bran in the amount of
０ .５％ and １ .０％ /BW/d , respectively . The cattle were weighed every month , and the sheep and goats were weighed weekly .All animals were weighed at the end of the experiment . The SE was divided into １０ paddocks using electric fences , and theanimals were rotated every week . The apparent herbage consumption by the SE sheep was determined by calculating thedifference between the pre‐and post‐grazing herbage masses . The amount was also measured by the protect cage method in theC , G , SM and S０ .５ every month and at the end of the experiment . A vegetation survey measuring plant height , coverage , etc .was performed at １０ fixed locations (１００cm × １００cm) in each of the fenced areas and outside of them , from １ to ４ August , todetermine the successive changing of the pastures with the different grazing treatments .
Results Stip a sp p . and A rtemisia sp p . occupied a high proportion of the total consumption during the experiment ( Table １ ) .The apparent herbage consumption increased during the course of the seasons ( Table ２ ) . And , A rtemisia sp p . , which areconsidered indicative of pasture degradation , were eaten by sheep , irrespective of the season . The average final BW of the sheepin each paddock was ４０ .３ ( SH ) , ４２ .２ ( SM ) , ４４ .４ ( SL ) , ４５ .８ ( S０ .５ ) and ４４ .１ ( S１ .０ ) , respectively . No significantdifferences were found to result from the effect of grazing density ( pooled STD ＝ ３ .１８５ ; P＝ ０ .１２０) and supplemental feeding(２ .８０３ ; ０ .１２１) , though there were differences in the magnitudes .
Table 1 Herbage Production and consump tion during
the ex perimental period in 2007 , kgDM / ha .

Stipa
sp p .

A rtemisia
sp p . Others Total

Consumption ３２８  .３ ２９６ 抖.８ １３０ O.２ ７５５ 煙.３
Remain (９ Oct) ５ 镲.７ ５ 垐.４ １ !.８ １２ 垐.８
Production ３３４  .０ ３０２ 抖.２ １３２ O.０ ７６８ 煙.１

Table 2 Herbage consump tion by seasons in 2007 , kgDM /
100kgBW / d .

S tip a
sp p .

A rtemisia
sp p . Others Total

Jun １  .０７ ０ 栽.８４ ０ è.７６ ２ #.６６
Jul ２  .０９ １ 栽.９６ １ è.２４ ５ #.２９
Aug ０  .６７ ２ 栽.４２ １ è.２４ ４ #.３２
Sep ４  .３４ ２ 栽.１８ ０ è.２２ ６ #.７４
Oct ３  .１２ ２ 栽.９３ ０ è.９９ ７ #.０５

We will continue this experiment until ２０１０ , and the data in the first and following years would be presented later on . The datais expected to be a basic data to contribute to improve the pastoral livestock production system in the region .
ReferenceEnkhamgalan , A . (１９９５) . The essential problems of Mongolian pastoral reform . Land Reform . １１９‐１２４ .
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Water use by dominant species in grazed and intact grassland ecosystems of Inner Mongolia ,
China
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Introduction Water is the most limiting factor for plant grow th in arid and semi‐arid grasslands . The water use of plant issensitive to the degradation of grassland by heavy grazing . The hydrogen isotope ratios ( δD) and leaf water potentials havewidely been used to evaluate water sources of plants . The objectives of our study is to address if the dominant species differ inwater use resulting from either winter or summer precipitation in relation to grazing among seasons and years and if the grazing‐induced changes in water use of plant species explain the community structure shif t .
Material and methods Community structure , plant available soil water , leaf water potential and hydrogen isotope ratios of plantwater at the interface between the shoot and root systems of four dominant species were measured on long‐term ungrazed and
grazed plots to identify the contribution of winter moisture to water supply in May ( early growing season) and August ( lategrowing season) from ２００５ ( dry year) to ２００６ ( normal year) .

Figure 1 Fraction o f w inter p recip itation contributing to
p lant w ater up take calculated f rom the deuterium
signature o f p lant w ater in non‐photosynthetic tissue .
Error bars give standard error . Total samp le number is
84 .

　 　

Figure 2 Correlation o f hydrogen isotope ratios o f the non‐
photosynthesis tissues摧 water and p redawn leaf w ater
potential f or di f f erent species in the ungrazed p lot (solid
circles) and the grazed p lot ( open circles ) in A ugust ,
2005 . ( L . chinensis denoted by solid and open squares is
shown but not included into the regression)

Results and discussion Leymus chinensis was able to extract winter moisture even from below ６０ cm depth and maintained alower leaf water potential than all other species , while Cleistogenes squarrosa due to its late development as a C４ species and itsshallow root system made least use of winter moisture . Winter precipitation stored within the soil af ter snowmelt was animportant source of water contributing about ３０％ in the dry year and less than １０％ in the normal year to total water supply
( Figure １) . The δD value increased significantly with predawn leaf water potential ψpd and all species followed one relationexcept for L . chinensis ( Figure ２) . Both the relative biomass and relative abundance of the shallow rooted C . squarrosa and A .
cristatum increased ( P ＜ ０ .０５) , whereas those of L . chinensis decreased significantly ( P ＜ ０ .０５) by grazing .
Conclusions Grazing reduced the abundance of L . chinensis and promoted C . squarrosa and thus reduced the exploitation ofwinter moisture . This in turn will increase the severity of drought because winter moisture increases in importance for the plantwater supply in years with rain below average .
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Responses of vegetative propagation of Reaumuria soongorica to grazing and fenced non‐grazing
Y .J . Zeng , Y .R . W ang
College o f Pastoral A gricultural Science and Technology , L anz hou University , China .
E‐mail : z engy j＠ lz u .edu .cn

Key words : split propagation ,adventitious‐root propagation , genet ,ramet , arid desert rangeland
Introduction Overgrazing has been resulting in serious degradation of grassland in northwest China . The present study wasconducted to investigate overgrazing and fenced non‐grazing treatments on vegetative propagation performances of R .
soongorica , one of the extensively distributed , dominant xerophile species in northwest China . The shrub has two kinds ofvegetative propagation : split propagation and adventitious‐root propagation ( Liu , et al , １９８２ ; Zeng , et al . ２００２) .
Research area and methods The research area locatted in Alashan region of Inner Mongolia , northwest of China (１０５° ３４′E ; ３９°
０５′N) . The study was conducted on a lightly degraded and a highly degraded zone respectively in an overgrazed arid desertgrassland in August , ２００４ . In each zone ６ plots (２５m × ２５m) were selected at random , of which three were grazed up to andduring the trial period as used to be , whereas the other plots had been fenced since ２０００ . All‐together this amounted to ４treatments : lightly degraded‐grazing ( T１ ) , lightly degraded‐non‐grazing ( T２ ) ; highly degraded‐grazing ( T３ ) , highlydegraded‐non‐grazing ( T４) , and ３ replicates per treatment . In each plots ３ genets were selected at random and each gennetwere dug out , ramet and adventitious root of vegetative propagation of each genet were checked and recorded by criterions asfollowing : split ramets ( SR) ＿ ramet split from top root ; adventitious‐root ramet ( ARR) ＿ ramet developed from adventitious‐root propagation ; elder adventitious roots ( EAR) ＿ adventitious root developed before ２００４ but root belonged to ARR notincluded ; new adventitious‐root ＿ adventitious root developed during ２００４ , and sand cover depth ( SCD) on each genet weremeasured . The statistical analysis of data was based on Statistica for Windows ４ .５ D ( Stat Soft Inc . USA) .
Results and discussions A significant difference was observed for the amount of SR between T３ and all other treatments ( Table
１) , which indicated that serious overgrazing accelerated the split process . However , these ramets were most often abnormal ,with some of them close to death . No significant differences between treatments could be observed for the characteristic ARR ,which can be explained by the longer time needed for the formation of this characteristic than available in this experiment . Inboth , the amount of EAR and the amount of NAR , significantly higher amounts were observed in T４ versus all othertreatments . That no NAR was observed on genets of T３ is explained by the need for sand cover in the development ofadventitious root ( Liu , et al , １９８２) . Regression analysis confirmed the positive correlation between NAR and soil cover depthon genets ( y ＝ １ .１９１２ x２ － １２ .４３５x ＋ ５ .５４０６ , N ＝ ３０ , R２

＝ ０ .８２５４ ) .There were no SCD observed on genets of T３ which maybe due to over‐disturbance by sheep and wind erosion . In the plots of T４ , SCD were significantly higher than all othertreatments , that because the grow th of damaged genet have been recovering since be fenced in ２０００ and the nearby over‐hoofingof sheep .
Table 1 Responses o f the amounts o f sp lit ramet ( SR ) , adventisous‐root ramet ( A RR ) , elder adventisous‐root ( EA R ) , new
adventisous root ( NA R ) o f R . soongorica genet and sand cover dep th ( SCD ) to graz ing and f enced non‐graz ing on
di f f erent degraded zones .
Item T reatment

T１ DT２ vT３ èT４ 谮
SR ( ramet / genet) １  .７ ± １ .４b ３ 5.２ ± ２ .５b ７ g.８ ± ３ .９a ２ 櫃.４ ± ０ .５b
ARR( ramet / genet) ２  .８ ± ２ .９ ４ 5.０ ± ２ .１ ４ g.３ ± ３ .５ ３ 櫃.６ ± ２ .９
EAR ( root / genet) ５  .５ ± ４ .０b ７ 5.５ ± ４ .９b ４ g.７ ± ５ .７b ２１ 乔.０ ± ６ .４a
NAR ( root / genet) ２２ 1.５ ± ３９ .７b ３３ c.４ ± ４２ .０b ０ g.０b ２１０ 貂.８ ± １４１ .５a
SCD ( cm) ８  .５ ± ６ .１b １０ c.８ ± ６ .１b ０ g.０c １８ 乔.２ ± ２ .９a
For an individual item , means ( ± SD) which share the different letters of lower case indicate significant differences ( P ＜ ０ .０５ , Duncan摧s multiple range test) .
Conclusions Serious overgrazing was unfavorable for both split and adventitious‐root propagation ; Whereas in the fenced non‐grazing polts on the highly degraded zone the positive effect was observed for development of ERR and NAR .
Acknowledgements This study was supported by National Basic Research Program ( ９７３ program ) of China ( ２００７CB１０８９０４ ) .The authors thank Mr . Arend Kleinhout for his valuable suggestions on revision of this manuscript .
ReferencesLiu , J .Q . , Qiu , M .X . , Pu , J .C . , Lu , Z .M .( １９８２ ) The typical extrme xerophyte : Reaumuria soongorica in the desert ofChina . A cta Botanica Sinica . ２４(５ ) : ４８５‐４８８ .Zeng , Y .J . , Wang , Y .R . , Zhang , B .L .( ２００２ ) Reproductive characteristics of Reaumuria soongorica populations . A cta
Prataculturae Sinica . １１(２) , ６６‐７１ .
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Effect of lambs摧 early weaning on their growth performance and the pasture摧s stocking rate
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Introduction There are many reports on lambs摧 early weaning ( J .N .Zhang et al . , ２００５ ) . In Yugur Minority AutonomousCounty in Zhangye Prefecture of Gansu Province , the sheep production mainly depends on grazing in a whole year , age is inSeptember when they are sold . The study was conducted in Sunan , it focused on the local optimal lamb weaning age and
improving the production efficiency of ewes , and reducing pressure on the grasslands .
Materials and methods The experiment choosed １２０ hybridized lambs of Gansu alpine fine‐wool sheep and Australia merinosheep , then randomly dividing into four groups with ３０ sheep of each group , and the weaning ages are separatively ３５d , ４５d ,
６０d and ９０d .
Results ３０ days摧 weight and ６０ days摧 weight , there was no significant difference in four groups ( P ＞ ０ .０５ ) . ９０ days , ３５dweaning group significantly less than the other three groups , while the other three groups had no significant difference ( P ＞
０畅０５) . ( Table １ ) . ３０ to ６０d , the lambs摧 daily‐gaining‐weight of ４５d , ６０d , and ９０d weaning group was significantly higher
than that of ３５d摧s weaned group ( P ＜ ０ .０５ ) , and there is no significant difference among them ( P ＞ ０ .０５) ; ６０ ～ ９０d , the
４５d摧s daily‐gaining‐weight was significantly higher than the other three groups ( P ＜ ０ .０５) , and the ６０d摧s daily‐gaining‐weightwas significantly higher than that of ３５d and ９０d ( Table ２ ) .
Table 1 Weaned lambs摧 weight o f di f f erent groups ( K g / sheep ) .

groups ３０d ６０d ９０d
３５d weaning ９ �.７６a ± ０ .８５ １４ 殚.２３a ± ０ .９６ １９ 妹.８１a ± １ .２３
４５d weaning ９ �.４７a ± ０ .７４ １５ 殚.０８a ± １ .１３ ２２ 亮.１６b ± １ .４３
６０d weaning ９ �.８５a ± ０ .８７ １６ 殚.２１a ± ０ .８７ ２２ 亮.３６b ± １ .２１
９０d weaning ９ �.６３a ± ０ .８３ １６ 殚.２３a ± ０ .９２ ２２ 亮.１７b ± １ .３４

Note : The figures in the same volume with same suffix letter is not significant ( P ＞ ０ .０５) , conversely significant .

Table 2 Weaned lambs摧 daily‐gaining‐weight o f di f f erent groups ( g / sheep ) .
groups ３０ ～ ６０

d
６０ ～ ９０

d

３５d weaning １４９
a

１８６
a

４５d weaning １８７
b

２３６
c

６０d weaning ２１２
b

２０５
b

９０d weaning ２２０
b

１９８
a

Conclusions The lambs摧 optimal weaning age is ４５d in the farming‐pastoral zone , using some substituting milk and high‐qualityalfalfa in lambs摧 early weaning is the effective measure to increase sheep flock摧s production efficiency and reduce pressure on
grasslands stocking . Early weaning can not only reduce the pressure on the pasture , but also improve the economic benefits ofmountain animal husbandry , and increase the economical income of peasants and herdsmen .
Reference
Zhang Ju‐nong , Yan Zeng‐pin ,Wu Jin‐liang (２００５) . Effect Analysis of Technique of Lamb Ablact Ation at Nonage in FarmingAreas摧 Lamb‐breeding Household . Contemporary A nimal Husbandry (３ ) .
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Introduction Huanxian county is one of the counties in China severely affected by poverty . About ９３％ of the ０ .３３ million
population lives in the rural areas . The county lies in the western part of the Loess Plateau which has a reputation for havingthe worst soil and water erosion on the earth . It covers the area of １０６°２１‐１０７°４５E ～ ３６°０１‐３７°０９N .The altitude is １１３０‐２０８９ mabove sea level and the mean annual rainfall is ３５９ .３ mm , of which about ６０％ falls during the period of July to September ,with drought in spring being a frequent occurrence ( Hou et al . , ２００２ ) . The main crops grown in the region are : wheat( T riticum aestivum ) , potato ( Solanum tuberosum ) and buckwheat ( Fagopy rum Mill ) . The main livestock include sheep ,goats and donkeys . The major farming system is cereal monoculture with livestock grazing rangeland and being fed cereal strawand little forage during the winter and spring periods . There is no close link between cropping and rangeland livestock
production , although rangeland covers ６７ .７％ of the total land area in the county . The annual degradation of rangeland occursat about the rate of ５３km２ . With the technical support from ACIAR projects and other projects the county has set up anobjective of establishing and developing integrated crop‐pasture‐livestock production systems to achieve the sustainabledevelopment of agriculture . One of the ambitious targets is increasing the area under lucerne ( Medicago sativ a) by ２ million mu(１３０ ,０００ ha) , which will feed about ２ million sheep by ２０１０ .
Technical services About ８３３ agricultural extension officers and public servants were working fulltime on the lucerne‐sheep
project . A method of �train the trainer�was employed . The ８３３ technical staff were trained on lucerne , and sheep and goatproduction in the county . The staff that were trained then went to townships and villages to train the farmers . More than ６０００copies of technical booklets on lucerne , sheep and goat production were distributed to the farmers , and more than ２０ ,０００farmers were trained . A County Standard of Lucerne Establishment and Management was produced as guidelines for the
practices . About １５ cultivars of lucerne were selected for the local production based on the evaluation trials . A special programon lucerne was also launched on the county television station . With the efforts of the extension officers , demonstration fieldswere established at the township and village levels . Normally there were two to three demonstration fields with １０００ mu ( about
６７ ha) each for every township . One demonstration field with the area of １００ mu was developed for each village . Lucerne was
grown on various landscapes to complement the local farming systems . For instance a six meter wide area of lucerneintercropped with a five meter wide area of wheat on the tableland . Lucerne was rotated with cereal on the terraces while allslope croplands were converted to lucerne where the slope was more than ３０ degrees .
Ecological and economical benefits There have been ０ .７４９ million mu of lucerne newly planted since ２００５ . The total number ofsheep and goats has reached ０ .４７７５ million , of which ０ .２６２ million were slaughtered for commodity . Farmers摧 incomeincreased significantly ( Table １ ) . Soil quality has also improved . Soil organic carbon of ９‐year‐old lucerne was ６ .２７ kg /m２ ,which was １９ .５％ , ２６ .６％ and ４０ .７％ higher than that of buckwheat , potato and winter wheat , respectively . Total nitrogenof ０‐１００ cm soil profile of ９‐year‐old lucerne was ０ .５６４ kg /m２ which was １５ .８％ , ２２ .７％ and ２５ .０％ higher than that ofbuckwheat , potato and winter wheat , respectively .
Table 1 Incomes f rom lucerne and livestock p roduction at Guo Y uan v illage , H uanx ian county , China , in 2007 .

Farmer Lucerne areas ( Mu) Livestock ( numbers) Income ( RMB)
Y . F . Tang ３０ 儍Goat １５ �１０ ０００ 媼
W . C . Guo ６０ 儍Goat ２０ �７ ８００ t
Y . K . Du １２０ 殮Cattle ５ �８０００ d
J . Du ５００ 殮Goat ３２０ 枛１２０ ０００ ⅱ

Village in total ２８００ 北Goat ９５５ 枛３６０ ０００ ⅱ
ReferenceHou F .J , Nan Z .B , Xiao J .Y , Chang S .H ( ２００２ ) . Characteristics of vegetation , soil , and their coupling of degradedgrasslands .Chinese Journal o f A p p lied Ecology １３ (８ ) , ９１５‐９２２ .
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Study on root system morphology of creeping‐rooted alfalfa and related analysis of soil physical
factor
ZHA NG Jin‐peng
College o f Tur f grass and G rassland Science , Bei j ing Forestry University 100083 China .
E‐mail :zoho1984＠ 163 .com

Key words :Creeping‐rooted alfalfa ,root system morphology ,soil physical factor
Introduction Creeping‐rooted character was very important for breeding and selection of the new variety of creeping‐rooted and
grazing alfalfa . In this paper , the author discussed the ontogenesis of creeping‐rooted character and its performance in the BFUgrassland experimental land . Through the research on effects of physiological and ecological factors of creeping‐rooted Alfalfa ,the influence of physiological and ecological effects on the performance of creeping‐rooted character could be analysed .
Materials and methods The materials come from our experiment lands which is in Shunyi of Beijing , seeded on May ２００４ ,including three grazing‐type alfalfa , that is creeping‐rooted material , main‐rooted materical , side‐rooted materical . Thevarieties of alfalfa includes T ravois ,Zhongmu No .１ ,Grassland No .２ ,Baoding alfalfa ,Kazakhstan wild alfalfa . The methodsmainly focus on three points :the plants modality survey , the plants root system survey ,the soil condition survey . The plantsmodality survey includes plant height , material expansion , cluster quantity , branches quantity ; and plants root system surveyfocus on the root expansion ,the stem primordial ; The soil condition datas were collected by three level :０‐１０cm ,１０‐２０cm ,２０‐
３０cm .the datas are deal with the multianalysis ,including square error analysis , simple factor analysis variance four groupdatas ,correlative coefficient matrix and so on .
Results The results of these studies were as follows : the underground horizontal root of creeping‐rooted alfalfa could form rootexpansion part and stem primordia on the root through whole grow th season . The appearance of creeping‐rooted plant wasbetter during the second and third years than during the first and later of the fourth year in the creeping‐rooted varieties . Thedevelopment of creeping‐rooted seedlings and the range of expansion of root turion node were influenced by marginal effect . The
percentage of creeping‐rooted plant was a little higher in marginal rows than in inner rows , and the range of expansion ofcreeping‐rooted seedlings was obviously larger in marginal rows than that in inner rows .Compared with the other materials ,theexpansion of horizontal roots of the creeping‐rooted alfalfa are ３０％ farther than the side‐rooter material , but not better on theindex of plant height and branches quantity which are compared with the side‐rooted material and the main‐rooted material .Compared with the １０‐２０cm level ,under the ０‐１０cm level the root diameter are bigger both the horizontal roots and the verticalroots . Under the ０‐１０cm level , the vertical root diameter of main‐rooted material ＞ the vertical root diameter of side‐rootedmaterial ＞ the vertical root diameter of creeping‐rooted materical . Soil condition has a great influence on the development ofcreeping‐rooted alfalfa , especially on the index of soil moisture . The weight content of CR and NCR are similar , the creeping‐rooted alfalfa has a strong tolerance to the stiff environment .
ReferenceGao Zhensheng , Wang Pei , Hong Fuzeng . Studies on Ontogonesis and Ecological Adaptability of Creeping‐rooted Character ofAlfalfa ( Medicago media Pers .) ,Acta Agrestia Sinica .
Supported by MOST :２００６BAD０１A１９ , ２００６BAD０４A０４

MOE :２００６００２２０１１
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Indicators of sustainability for production and biodiversity conservation in Australian rangelands
M .H . Friedel1 , G .N . Bastin1 and A . K . Smy th2

1 CS IRO Sustainable Ecosystems , PO Box 2111 , A lice S p rings , Northern Territory 0871 , A ustralia . E‐mail : Margaret .
Friedel＠ csiro .au , 2 CS IRO Sustainable Ecosystems , PMB 2 , G len Osmond , South A ustralia 5064 , A ustralia

Key points :Australian rangelands provide a diversity of ecosystem services and there is a growing demand for monitoring that isbased on biophysical , economic and social values . Federal and state government agencies are collaborating to report on changein rangelands , at scales relevant to federal , state and regional needs . The Australian Collaborative Rangeland InformationSystem ( ACRIS) takes the pragmatic approach of reporting against themes using available data . The ACRIS collates the datafrom diverse sources , conducts meta‐analyses using derived indices as appropriate and provides a national synthesis at regionalresolution to enable comparisons amongst regions . A number of indicators need testing , as does the validity of up‐scaling point‐based data . Aspirational targets for reporting are avoided , recognising that institutional capacity is declining and short‐termfunding cycles hinder the implementation and maintenance of long‐term monitoring .
Key words :monitoring , collaborative information system , institutional capacity
Introduction

Rangelands occupy ８１％ of Australia摧s land area ( Figure １) , popularly known as �the outback摧 . While they generally includehot climate deserts , the land area is large enough to encompass summer‐dominant ( monsoonal) and winter‐dominant rainfall
patterns from north to south ( Bastin et al . , in press ) . T ropical woodlands and savannas prevail in the far north , A caciawoodlands and shrublands occupy the arid central regions and chenopod shrublands predominate in the south . Soils arecharacteristically low in fertility , rainfall is highly variable and growing seasons are short .

Figure 1 Natural Resource Management regions wholly or partly w ithin the A ustralian rangelands ( shaded area) . The
Northern Territory is one NRM region as is most o f Western A ustralia . Elsewhere , NRM regions are much smaller .

Commercial livestock grazing is by far the most widespread use of rangelands in terms of area ( ３ .６７m km２ , ５９％ of therangelands in ２００１) , but mining and tourism bring greater economic returns . Through the Aboriginal Land Rights ( NorthernTerritory) Act １９７６ and other legislation indigenous people have regained primary responsibility for ２７％ of the rangelands ,while conservation lands occupy under １０％ .
Rangeland monitoring in Australia evolved from the late １９６０s as a means of understanding the impact of grazing on pastoralrangelands . Most of the pastoral lands are publicly owned . Administration of land management is a state rather than a federal
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responsibility and so monitoring has been a state‐based activity . The type and quality of data gathered is variable because eachof the states collects data for different reasons , with varying degrees of regulatory backing .
While monitoring for pastoral production has been established for some time , albeit with a history of false starts and irregularreporting , the capacity to monitor biodiversity outcomes is in its infancy . Baseline data have been gathered in many areas bystate agencies but coverage is incomplete for the rangelands and re‐sampling ( to report change) is limited to local or regionalscales (Bastin et al . , in press) . Various indicators have been proposed for monitoring biodiversity ( Smyth et al . ２００３ ) but thechoice of indicator is often dependent on ease of use or the professional interest of the individual rather than the validity of itsconnection to biodiversity .
With growing recognition of the capacity of Australian rangelands to provide diverse ecosystem services , demand has increasedfor monitoring that is based not only on biophysical values but economic and social values as well . Information about the currentstatus and trend of rangelands is essential for a number of purposes . Federal and state governments need information to supportlegislative and policy initiatives , to meet international reporting requirements and for periodic �state of the environment摧reporting . Regional bodies ( Figure １ ) now have increasing responsibility for setting and meeting targets for natural resourcemanagement , which includes both production and conservation outcomes ( http :/ / www . nrm . gov . au/ nrm / region . html ,accessed １７ /１１ /２００７ ) . In addition , comprehensive reporting will contribute to Australia摧s capacity to predict the outcomes of ,and respond to , climate change .
Monitoring activitiesSome form of pastoral monitoring has been in place in state jurisdictions for several decades . What is monitored is dependent oneach state摧s objectives and is intimately linked to spatial and temporal scale ( Friedel et al . , ２０００ ) . Most monitoring systemsare ground‐based and hence data collection is focussed at a very local scale , so that the point‐based assessments provide only asample of the national context . A summary of commonly used indicators and methodologies is provided by Friedel et al .(２０００ ) .
Point‐based data are particularly relevant for enterprise‐level management but there is an inherent danger in extrapolating toregional level or higher . How many points are enough to represent variability within or between land types ?Are there sufficientto represent regional status ?Remotely sensed data can provide a regional perspective and are collected by some jurisdictions ,but they are rarely an integral part of institutional monitoring . Queensland uses Landsat TM imagery to routinely monitor theextent of woody vegetation , clearing for agriculture , regrow th and ground cover over the entire state ( http :/ / www .nrw .qld .
gov .au/ slats / , accessed ２０ /１１ /２００７ ; DNRM , ２００５ ) . Elsewhere remote sensing is used to support ground‐based monitoringbut is not embedded as a key component of pastoral monitoring systems .
The development of a framework for biodiversity monitoring in Australia has been relatively recent ( Smyth et al . , ２００３ ; Hunt
et al . , ２００６ ) . Smyth and James ( ２００４ ) outlined the multiplicity of purposes for monitoring biodiversity , not all mutuallyexclusive : policy‐making , regulation , early warning of change , detecting effects of management , assessing niche markets forrangeland products , improving public knowledge and improving communication and education . As with pastoral monitoring , asingle system cannot meet all needs . Attributes that could be used as indicators were categorised into four types : biotic ,ecophysical , pressure and management . Until now data have been collected using ground‐based plots on a local to regional scalebut there has been very little resurveying from which to report change .
Recently Smyth et al . ( in press) developed an approach to biodiversity monitoring based on ecological risk assessment . Thefirst step was to identify the desired outcomes or endpoints for assessing biodiversity condition . In their case study region ofsome １３０ ,０００ km２ , these were :
瞯 Native vegetation typical of the study region摧s communities maintained or restored
瞯 Reduction in the loss of the existing complement of rare and regionally significant native species , populations and ecologicalcommunities
瞯 Natural surface water flows maintained or restored
瞯 A mosaic of water‐remote areas maintained . ( Research in other parts of the Australian rangelands has shown that some biotaare adversely affected by grazing disturbance ( James et al . , １９９９ ) and maintaining areas remote from stock water isrecommended to assist in conserving these species .)Having identified for each outcome the biodiversity values and how these helped to maintain condition , they selected a numberof candidate indicators , such as average percent vegetation cover after long dry periods , presence of non‐native invasive weeds ,
presence of terrestrial endemic and threatened fauna , and percent area remote from stock water by length of time , using anintegrated set of attributes such as availability of historical records , quality of measurements and feasibility of implementation .They were not successful in identifying derived indicators such as persistent grazing gradients and modelled floristics for thecase study area . The notion of a single biodiversity condition metric was rejected in favour of presenting the values for a suite ofselected indicators for each desired outcome . They concluded that a problem formulation framework as outlined wasfundamental to devising a candidate set of indicators for assessing biodiversity condition . However there is no evidence yet thatthis approach will be implemented as part of routine monitoring .
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While there may be general acceptance at state and federal level of what needs to be done , implementation is constrained byinstitutional capacity (Watson and Novelly , ２００４ ) . Resources are limited , with the consequence that the proposed indicatorsremain largely aspirational . Without the potential for commitments from state agencies to fund and maintain dedicated andextensive biodiversity monitoring systems across their jurisdiction for the long term , a comprehensive system will remainaspirational . Recognising the competing demands placed on agencies , it is important to find pragmatic ways of obtaining usefulinformation on biodiversity status and trends . The following section explains what is being done by a partnership betweenfederal and state agencies to report on change in a number of rangeland‐relevant themes , including biodiversity .
ACRISThe Australian Collaborative Rangeland Information System ( ACRIS) ( http :/ / www .environment .gov .au/ land/management /rangelands/ acris / index .html ,accessed １７ /１１ /２００７) was established in ２００３ to facilitate data collection and documentation forreporting on regional and national changes in the rangelands . It is a partnership between the federal and state agencies that areresponsible for resource management and biodiversity conservation . The main activity to date has been collation and synthesis ofavailable datasets ( including jurisdictional monitoring data) to provide more complete understanding of change in the rangelands(Bastin et al . , in press) .
The initial motivation for creating the ACRIS came from the states involved in rangeland monitoring . They recognised in the
１９９０s that it should be possible to build a broader collective view of change in the rangelands by combining their various data .This desire was strengthened when the earliest attempts at national�state of the environment摧 reporting , built largely on expertopinion , were published . However individual jurisdictions lacked the required resources to report beyond their borders until theNational Land and Water Resources Audit provided the means in the late １９９０s ( http :/ / audit .ea .gov .au/ ANRA / rangelands/rangelands ＿ frame .cfm ?region ＿ type ＝ AUS& region ＿ code ＝ AUS&info ＝ description , accessed ２３ /１１ /２００７ ) . The resultantreport described １６ information products for reporting change and proposed the ACRIS as the coordinating mechanism to collateand continually update a wide diversity of rangeland information .
In addition , over the last ２０ years , land uses other than pastoralism have been growing in importance . There has been atransfer in ownership of pastoral properties , of ten of marginal pastoral value , to conservation , indigenous and in some casestourism interests ( Bastin et al . , in press ) . With the increase in indigenous land ownership , there are growing expectationsamongst both government and community sectors that indigenous people will engage more fully in livelihood activities such astourism , harvesting of bush foods for generating income and natural resource management ( e . g . http :/ / www .desertknowledgecrc .com .au/ research/ livelihoods .html , accessed １８ /１１ /２００７) . The consequences are that there are additionaldata requirements and a need to provide results in culturally appropriate ways .
ACRIS reporting occurs within a framework of themes : climate variability , landscape function ( Ludwig et al . , １９９７ ) ,sustainable management , total grazing pressure , water use and management , biodiversity and socio‐economic change ( Table
１ ) . The ACRIS does not have an independent capacity to gather data . Instead it depends on state and territory agency partnerswillingly contributing their data for these themes , assisted by national datasets where available and relevant . The state agencieshave collected their data for a diversity of purposes , and the methods used are often specific to particular environments , forexample pastoral monitoring in grasslands or shrublands . Thus , the data are not directly comparable . The ACRIS ManagementUnit (Bastin et al . , in press) assists by collating these disparate data , conducting meta‐analyses using derived indices ( e .g . oflandscape function ) as appropriate and providing the national synthesis , but at regional resolution so that inter‐regionalcomparisons are possible . In ２００８ , the ACRIS will publish its national report of change in the rangelands between １９９２ and
２００５ for the themes shown in Table １ ( Bastin et al . , in press) .
Table 1 In f ormation p roducts grouped by theme used by the ACRIS to report change in the A ustralian rangelands between
１９９２ and ２００５ .
Theme Information product
Climate variability 瞯 seasonal quality as contex t for interpreting change
Landscape function 瞯 change in landscape function ( the capacity of landscapes to capture and retain rainwater

and soil‐borne nutrients for plant grow th)

Sustainable management
瞯 change in critical stock forage
瞯 change in pastoral plant species richness
瞯 distance f rom stock water
瞯 invasive weeds

Total g razing pressure
瞯 change in domestic stocking density
瞯 change in kangaroo density
瞯 feral herbivores
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Products that support landscape function
and sustainable management

瞯 change in fire regime
瞯 change in atmospheric dust ( dust storm index )

Water resources 瞯 information sources for water availability and sustainability

Biodiversity

瞯 change in pro tected areas
瞯 change in number & status of threatened species / communities
瞯 habitat loss by clearing
瞯 effects of stock watering points on biota
瞯 fauna records and surveys
瞯 flo ra records and surveys
瞯 t ransformer weeds
瞯 wetlands : condition and change
瞯 habitat condition derived f rom remotely sensed ground cover
瞯 bird composition

Socio‐economics
瞯 socio‐economic profiles
瞯 value of non‐pastoral products in the rangelands
瞯 change in land use
瞯 change in pastoral land values

Having demonstrated that national reporting is feasible , the ACRIS now needs to increase its ability to meet regional needs . As
part of devolved federal government responsibility for natural resource management , regional groups ( Figure １) are required toreport progress towards specified resource condition targets . To assist them with their reporting obligations under the NationalNatural Resource Management Monitoring and Evaluation Framework ( http :/ / www .nht .gov .au/ publications/ annual‐reports/
２００４‐０５ / index .html , accessed １８ /１１ /２００７) , the ACRIS could provide broader context against which progress towards agreedcondition targets is judged .
Table 2 Method used by ACRIS to assign causality to change detected at monitoring locations ( le f t ) and the associated
p robable response by state agencies or regional boards to such change ( right) ( adap ted f rom Bastin et al . , in p ress) .

Priorseasonal
quality

Change in Landscape Function or Sustainable Management
Biophysical change atmonitoring sites Probable institutional response when most of the region is showing

Decline Nochange Increase Decline No change Increase

Aboveaverage XX X ～

Management has suppressedthe expected response
Further investigation
required

Management has not allowedthe landscape to respond tofavourable seasons
Further investigation
required

Management has delivered aresponse consistent withexpectations

Average X ～ √

Management has notdelivered the expectedresponse
Further investigation
required

Management has delivered aresponse consistent withexpectations

Management has delivered abetter than expectedresponse
Investigate , acknow ledge
and p romote

Belowaverage ～ √ √ √

Management has delivered aresponse consistent withexpectations
Management has delivered abetter than expected response
Investigate , acknow ledge
and p romote

Management has had asignificantly beneficialimpact on the outcome
Investigate , acknow ledge
and p romote

√ √ indicates an increase although seasonal conditions were below average ( decline in the measure ex pected at this time)
XX indicates a decrease although seasonal conditions were above average ( increase ex pected at this time)
～ indicates no change

The Australian rangelands are characterised by considerable climate variability ( e .g . Friedel et al . , １９９０) and prior rainfall , inparticular , is the major driver of biophysical change ( e .g . vegetation amount , composition and demography ) . In order toreport at the regional scale in a way which assigned causality between seasonal variation and management impacts , the point‐based data for landscape function and sustainable management were expressed in terms of change relative to values expected for
prevailing seasonal conditions ( Table ２ , lef t ) . This approach has been adapted from that used by at least one state agencymonitoring system ( Watson et al . , ２００７ ) . The matrix structure is expanded to show the effectiveness of management andprobable institutional responses by land management agencies ( Table ２ , right) .
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Indicator valueThe pragmatic approach by the ACRIS to thematically reporting change based on available data has highlighted several issuesrelated to indicator value . These include the suitability of an indicator for reporting change against a particular theme , and theappropriateness of available data for use with some indicators .
A number of the ACRIS indicators are yet to be fully tested for their accuracy . For example , there is a recommendedmethodology for assessing landscape function ( Tongway and Hindley , ２００４ ) but it is only in Western Australia that theseprocedures have been implemented as part of routine monitoring . The ACRIS Management Unit constructed a number ofindices to estimate landscape function from available jurisdictional datasets but the effectiveness of these indices has not yet beentested . Landscape function is a potential surrogate for several ecosystem services such as maintenance and regeneration ofhabitat , prevention of soil erosion , maintenance of soil fertility , maintenance of soil health and water infiltration ( Ludwig et
al . , １９９７) , but both the proposition and the capacity of available data to quantify ecosystem services need testing . A furtherrequirement is testing of the ability to up‐scale point‐based monitoring of landscape function using remote sensing‐basedmethods such as the leakiness index ( Ludwig et al . ２００７) .
Reasonably reliable data reporting change in livestock and kangaroo densities are available for parts of the rangelands but gooddata are lacking for feral herbivores such as goats , camels , donkeys and horses . Thus it is not possible to confidently reporttrends in total grazing pressure as one of the key components affecting sustainable use of the rangelands . Feral animaldistributions are known with some confidence but there is a need for regular semi‐quantitative estimates of density by species .The large area and remoteness of much of the rangelands means that systematic surveys to estimate feral animal numbers willremain infrequent and so indices that can reliably indicate changes in their relative density would be valuable .
The ability to report on indicators of sustainability for biodiversity conservation is limited . The １０ indicators in Table １ wereselected from over ５０ previously evaluated ( Smyth et al . , ２００３ ; Hunt et al . , ２００６ ) . The choice of indicators was based ontheir potential to provide a national view , whether sufficient monitoring data were available and whether they could providereliable and consistent information . Of these , data on protected areas , number and status of threatened species / communities ,rangeland avifauna and habitat loss by clearing contributed to the national perspective of change in components of biodiversity .It is unlikely that a more comprehensive assessment will be available until systematic regional monitoring of flora and fauna is in
place , complemented by information on habitat and wetland condition , and broader contextual information about transformerweeds , fire , grazing ( including changes in stock watering points) and other threats to biodiversity . It is interesting that one ofthe most valuable datasets for indicating change in rangelands avifauna is that contributed by Birds Australia , a volunteercommunity‐based reporting scheme . The Birds Australia Atlas provides Australia‐wide coverage but there are limitations in themore remote parts of the rangelands due to scarce data and high seasonal variability .
Socio‐economic indicators are also an important aspect of sustainability for pastoral production and biodiversity conservation butthey are not easy to report on meaningfully . One of the main requirements is improved understanding of the capacity of
pastoralists and other land managers to adapt to , at times , rapidly changing environmental , economic and social circumstances .Indicators such as the median age of pastoralists , net emigration of young people from regions and age dependency ratio ( the
proportion of regional population younger than １５ and older than ６５) have been proposed but subsequent testing with data fromfive‐yearly national population censuses and targeted surveys have shown them to be poor indicators of actual change inrangeland management practices ( Hanslip and Kelson , ２００７ ) . Other methods for understanding socio‐economic differencesamongst regions are being investigated ( e .g . Maru and Chewings , in press) .
In the absence of suitable indicators of pastoralists摧 capacity to adapt and change their management practices , the ACRIS hasreported on changing land use , pastoral land values and the importance of non‐pastoral agricultural production in the rangelands(Bastin et al . , in press) . Pastoral land values have increased by as much as １５０ to ３００ percent in different regions between
１９９２ and ２００５ . These increases are well beyond real increases in productivity and while they represent a substantial increase inasset wealth , they raise concerns about the ability of recent purchasers to cope with debt in the face of climate variability andany downturn in commodity prices .
Improving future reportingACRIS reporting faces several challenges . As already discussed , ex trapolating point‐based data to broader spatial scales is
problematic . Furthermore , the current report (Bastin et al . , in press) focuses on reporting change with little recognition of thebaseline from which change is occurring . The value of future reporting will be enhanced where the direction and magnitude ofchange takes account of initial condition state . For example , a�no change摧 result in critical stock forage after rain on degradedland will require a different institutional response to no change on the same kind of country at maximum productive capacity .Although objectively assigning condition in the Australian rangelands can be complex ( Friedel et al . , ２０００ ) , suitablestatements of baseline condition for the various information products ( Table １ ) are required to provide improved context forunderstanding the meaning of change .
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The ACRIS partnership has avoided developing aspirational targets for which data do not exist . A key component is itscollaborative nature which avoids imposing a�grand plan摧 on its partner jurisdictions . Declining institutional support , includingstaff , is a reality in the Australian rangelands . Short term funding timeframes as a consequence of a government摧s term inoffice , agency restructuring and staff turnover make long term monitoring programs difficult to implement and even harder tosustain (Watson and Novelly , ２００４) . Moreover the scientific basis for monitoring is contested from time to time and very fewestablished monitoring systems have persisted past an initial iteration . The goal is not to start yet again , but to derive whateverbenefit is possible from existing data . The pragmatic approach is to support gradual improvement in line with institutionalcapacity .
ReferencesBastin , G . , and the ACRIS Management Committee , in press . ACRIS ２００７‐Taking the pulse . Canberra , Australia : NationalLand and Water Resources Audit .DNRM (Department of Natural Resources and Mines ) , ２００５ . Land cover change in Queensland ２００１‐２００３ , incorporating

２００１‐２００２ and ２００２‐２００３ change periods : a Statewide Landcover and T rees Study ( SLATS ) report , February ２００５ .Brisbane , Australia : Queensland Department of Natural Resources and Water .Friedel , M .H . , Foran , B .D . and Stafford Smith , D .M . , １９９０ . Where the creeks run dry or ten feet high : pastoralmanagement in arid Australia . Proceedings of the Ecological Society of Australia １６ , １８５‐１９４ .Friedel , M .H . , Laycock , W .A . and Bastin , G .N . , ２０００ . Assessing rangeland condition and trend . In : t Mannetje , L . andJones , R .M . , Field and Laboratory Methods for Grassland and Animal Production Research . Wallingford , UK : CABI ,
２２７‐２６２ .Hanslip , M . and Kelson , S . , ２００７ . Socio‐economic conditions and trends in the rangelands . Report prepared for theAustralian Collaborative Rangeland Information System . Canberra , Australia : Bureau of Rural Sciences .Hunt , L . , Fisher , A . , Kutt , A . and Mazzer , T . , ２００６ . Biodiversity monitoring in the rangelands : A way forward , Volume
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Monitoring of Inner Mongolian grassland using sustainable roundtable indictors
Mengli Zhao1 , Guodong H an1 , M ing j un W ang1 , X iaoyu W ang1 , Chunli L i1 , Zhongwu W ang1 , Dennis Child2 , L akhdar
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Key points :
１畅 Four distinct seral stages ( early to late ) were identified in Meadow steppe , typical steppe and desert steppe of InnerMongolia .
２畅 The key plants in each grassland site are different . These key plant species as variables can be used to indicate the grasslandtrend and they played different roles at individual seral or successional stages .
３畅Knowledge of the seral stages can be used to guide rangeland management in Inner Mongolia .
Key words : series stage , indicators
IntroductionThe world摧s rangelands occupy about ７０％ of the total land area ( Holechek et al . , ２００３) . Monitoring is one of the importantnecessary steps for better management of natural resources ( Ludqig et al . , ２０００ ) . For grassland , we have to understand thecondition of the resource base , and how and when the grasslands change and the grassland trends . In northern China ,rangelands are being monitored as a means of managing livestock production ( Li ,１９９７ ) . However , grassland monitoring isconducted only within exclosures and not on grazed lands for which we lack suitable methods . T raditionally , Chinese scientistsused quadrats to estimate species composition and bare soil to predict degradation . This paper uses multivariate analysis tomonitor the rangeland dynamics and to classify the seral stages under grazing in the Meadow Steppe , Typical Steppe and DesertSteppe vegetation types of Inner Mongolia . The study evaluated indicators that could be used to monitor the changes in seralstates to determine sustainable rangeland management for these grassland types .
Materials and methods
Site descrip tionGrassland monitoring measurements were conducted at three sites : Meadow Steppe , Typical Steppe and Desert Steppe , locatedin Xiwu Banner , Keshiketeng Banner , and Siziwang Banner , respectively , in Inner Mongolia ( Figure １ ) . These sites are themain zonal grassland types in Northern China .
The Meadow Steppe site is in the northeastern Xiginguole grassland with average annual air temperature of １ .２ ℃ ( averagelowest temperature of‐７ .８ ℃ in March and highest temperature of １７ .７ ℃ in August) and average annual accumulated heat units( base temperature of ０ ℃ ) of ２５５６ growing degree days ( GDD) . Average annual precipitation was ３４２ mm with ９９ days rainand ３７ days snow . The seasonal precipitation allocation was ３８ , ２３６ ,４９ , and １９ mm in spring , summer , autumn , and winter ,respectively . The average annual evaporation is about １７６８ mm . The soil is black chestnut soil with ３５ .６ g kg‐１ of organicmatter and １ .８５ g kg‐１ of nitrogen . This soil is one of the richest soil types in China摧s northern grasslands . The vegetation isdominated by Leymus chinensis ( T rin .) Tzvel . , Stip a baicalensis Roshev . , and Fili f olium sibiricum ( L .) Kitam . with otherspecies , such as A chnatherum sibiricum ( L .) Keng , Thymus serphy llum L . , A llium tenuissimum L . , Leontopodium
leontopodioides ( Willd .) Beauv . , Stellera chamae j asme L . , A rtemisia pubescens Ledeb . , and Melilotoides ruthenica ( L .)Sojak . The average aerial coverage ranged from ５９ to ７７％ in the Meadow Steppe with high plant biodiversity and forage
production .
The Typical Steppe site is in the Keshiketeng Banner located northwest of Chifeng City Prefecture in central Inner Mongolia ,China . The climate is continental with significant diurnal temperature variability , cold winters , and frequent windy periods .The following attributes apply throughout the area : Mean annual temperature of about ２ ℃ , annual accumulated heat units
( base temperature of １０ ℃ ) ranging from １ ,３００ to１ ,７００ ℃ , mean annual total sunshine ranging from ２ ,７００ to ２ ,９００ ,hours ,annual radiation of ５７‐５８ J cm‐２ , annual precipitation ranging from ３１０ to ３５０ mm with the growing season ranging from ６０ to
８０ days ( April‐September) . The soil is a Kastanozem ( Mollisols in World References Base for Soil Resources ) . The surfacesoil (０‐２０ cm) throughout the study area was classified as loamy texture with sand content at ５９ .６ ± ０ .６％ , silt at ２３ .８ ± ０ .
４％ and clay at １６ .７ ± ０ .４％ ( based on ４５ soil samples) . The typical pH in the ０ to ５ cm profile varied from ７ .３２ to ７ .７９ andsoil bulk density was １ .１６ ± ０ .０７ g m‐３ . Soils freeze to a maximum depth of about １ ,９ m during winter . The vegetation isdominated by Leymus chinensis ( T rin .) Tzvel . , Stip a grandis P . Smirn . and Cleistogenes squarrosa ( T rin .) Keng . Theprimary associate species are A rtemisia f rigida Willd . , Potentilla acaulis L . and Carex duriuscula C . A . Mey . A . f rigidiais a sub‐shrub while the other plant species are all herbaceous plants .
The Desert Steppe site is in Siziwang Banner in the mid‐west of Inner Mongolia . This site is dry and windy in spring and hot insummer . The weather is characterized by a colder winter and a warmer summer with an annual mean temperature of ２ .８ ℃ and
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growing season temperature ( May to October ) of １７ .３ ℃ . The soil is Kastanozem ( FAO soil classification ) or BrownChermozem (Canadian Soil Classification) and soil texture is loamy sand . Vegetation is very short ( average to about ８ cm inheight) with canopy cover varying from １７ to ２０％ with relatively few species ( about ２０ ) . The dominant species are Stip a
brev i f lora Griseb . , A rtemisia f rigida Willd . and Cleistogenes songarica ( J . F . Gmel .) while associated species were
Convolvulus ammannii Desr , Heteropap pus altaicus ( w illd .) Novopokr , Neopallasia petinata ( Pall .) Poljok . , Kochia
p rostriata ( L .) Schrad . , Caragana stenophy lla Pojark and Leymus chinensis ( T rin .) Tzvel .
Ex perimental design and measurementsAt three different locations within each grassland site , we monitored range condition from ２００５ to ２００７ along three transectsthat followed a gradient of decreasing grazing pressure from a focal source ( water / corral) . The transects were partitioned intothree grazing intensity classes while an ungrazed exclosure at each location represented the control . Plant cover by species weremeasured in each grazing intensity class on single ５０ m subtransects that were arranged perpendicular to the transect orrandomly distributed within the exclosure . This resulted in ３ , ５０‐m subtransects for each grazing intensity class on each ranchfor a total of １２ . Plant cover was estimated every ２‐m along the subtransects and the biomass of functional groups , such as grass ,forbs , shrub and litter , every ５ m . All measurements were made in ２０ × ５０ cm quadrats . The measuring points were recorded withGPS and repeated every year .
Data analysisData analyses followed Uresk ( １９９０ ) at each grassland site . Average canopy cover ( ％ ) was multiplied by frequency ofoccurrence ( ％ ) of all plant species to produce an index value for the final analyses ( Uresk １９９０) . A non‐hierarchical clusteringprocedure , ISODATA (Ball and Hall １９６７) , grouped the gazing gradients into ４ distinct clusters ( seral stages) . Then stepwisediscriminant analysis at the ０ .０５ entry level selected ３ plant species as the best predictive variables to be used for seral stageclassification and monitoring in each grassland site .
ResultsFour distinct seral stages ( early to late) were identified along the gradient , which included the exclosure , in each steppe . TheStepwise Discriminant Analysis showed significantly differences among all the seral stages ( P ＜ ０ .０５) . The model is of ３ plantspecies ( variables) and ４ Fishers discriminant functions that define the seral stages in all grassland sites ( Table ２ ) The keyplants in each grassland site are different . The key plants are Leymus chinensis , A chnatherum sibiricum , and Carex durisculain Meadow Steppe , Leymus chinensis , Stip a grandis , and A rtemisia f rigida in Typical Steppe and Stipa brev i f lora ,
A rtemisia f rigida and Cleistogenes songorica in Desert Steppe . These key plant species as variables can be used to indicate thegrassland trend and they played different roles at individual seral or successional stages . For example , the index value of
Leymus chinensis is the highest in the late seral stage and lowest in the early stage of the Meadow Steppe but the highest in theearly intermediate stage in the Typical Steppe . Also , the index value of A rtemisia f rigida is the highest in the early stage inthe Typical Steppe and in the early intermediate stage of the Desert Steppe ( Figure ２) . These seral‐stage dynamics are relatedto the cover and frequency of the selected plant species ( Table ３ ) and define grassland condition . The percentage of totaltransects in late , late intermediate , early intermediate and early was １６ .１％ , １２ .１％ , ２４ .２％ , and ４７ .６％ , respectively in theMeadow Steppe site . The percentage of total transects by class was ５４ .４％ . ２４ .２％ ,１０ .３％ , and １１ .１％ , respectively in the TypicalSteppe site , and ５３ .２％ , １７ .１％ ,９ .９％ , and １１ .２％ , respectively , in the Desert Steppe site .
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Figure 2 Key p lant species w ith index values
[ canopy cover( ％ ) × f requency o f occurrence ( ％ ) ]
distributed throughout all seral stages in Inner
Mongolia grasslands .

Figure 3 Number o f p lant species by category
throughout all seral stage in Inner Mongolia
grasslands .

DiscussionThe classification of grassland seral stage was based on the ecological concept of plant community succession ( Clement １９１６ ;Dysterhuis １９４９ ; Daubenmire １９６８ ) . Cluster analysis and discriminant analysis with cover‐frequency index was used toexamined all the plant species and ISODATA (Ball and Hall １９６７) was used to group the transects efficiently into seral stagessimilar to that of Uresk study( Uresk １９９０) . This is a practical way to classify the seral stages quantitatively when monitoringgrassland .
Three key plant species were selected with discriminant analysis as the indicators for grassland trend in each monitoring site ,we can continue to use them when monitoring every year reducing the monitoring time and cost . In general , the Typical Steppeand Desert Steppe are in good condition because of the high percentage of the late and late intermediate stages , and the MeadowSteppe is in poor condition because of the higher percentage of the early and early intermediate stages( Table ２) . Therefore , thelow stocking rate of grazing management will be applied to the Meadow Steppe site , and improved livestock distribution will beapplied to the Typical and Desert Steppe sites .
Table 1 Fisher摧s discriminant coe f f iciencts f or classi f ication o f seral stages in Inner Mongolia grasslands .
Meadow Steppe site
Species Seral stages

Late Late Int . Early Int . Early
Leymus chinensis ０  .０２３ ０ 崓.０１５ ０  .００６ ０ 牋.００４
A chnatherum sibiricum ０  .００９ ０ 崓.０１３ ０  .００６ ０ 牋.００４
Carex duriuscula ０  .００３ ０ 崓.０１５ ０  .０１５ ０ 牋.００３
Constant ‐１９ P.６５６ ‐２４ 谮.８６０ ‐１５ c.２１６ ‐２ 靠.８０１
Typical Steppe site
Species Seral stages

Late Late Int . Early Int . Early
Leymus chinensis ０  .００８ ０ 崓.００４ ０  .００５ ０ 牋.００８
Stip a grandis ０  .０１７ ０ 崓.０１６ ０  .００５ ０ 牋.０１７
A rtemisia f rigida ０  .０１０ ０ 崓.０２７ ０  .０４２ ０ 牋.０１０
Constant ‐２１ P.１１１ ‐２９ 谮.３５３ ‐２７ c.９００ ‐２１ 眄.１１１
Desert Steppe site
Species Seral stages

Late Late Int . Early Int . Early
Stip a brev i f lora ０  .０１２ ０ 崓.００３ ０  .０２７ ‐０ 靠.００８
A rtemisia f rigida ０  .００８ ０ 崓.０２４ ０  .００１ ０ 牋.０３９
Cleistogenes songorica ０  .００８ ０ 崓.００８ ０  .０３２ ０ 牋.０１１
Constant ‐９ ".１０４ ‐２３ 谮.８３０ ‐３６ c.０１４ ‐５５ 眄.４５０
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Table 2 Canopy cover and f requency o f occurrence f or key p lants throughout the de f ined seral stages in Inner Mongolia
grasslands .
Meadow steppe site
Seral stages Leymus chinensis A chnatherum sibiricum Carex duriuscula

n Canopy cover ( ％ )
Late ５ H１５ 珑.３３ ± ３ .９９A ３  .０５ ± ２ .４０A １０ 摀.０３ ± １２ .６０A
Late intermediate ４ H１０ 珑.７５ ± ３ .２７A ６  .１５ ± ４ .１１A １５ 摀.９９ ± ７ .６８A
Early intermediate ８ H４ 构.６９ ± ２ .６２B ２  .７８ ± １ .７７B ２０ 摀.６１ ± １３ .９２A
Early １６ _３ 构.１８ ± １ .８６B １  .７２ ± １ .６０B １２ 摀.８９ ± １３ .９７A

n Frequency of occurrence ( ％ )
Late ５ H９４ 珑.３１ ± ６ .６０A ５０ =.９２ ± ２９ .９８B ５３ 摀.６５ ± ４２ .２２AB
Late intermediate ４ H８７ 珑.６４ ± ６ .８９A ７５ =.３４ ± ２３ .２８A ６０ 摀.９５ ± ３ .６０B
Early intermediate ８ H８２ 珑.４０ ± １６ .４１A ７６ =.２３ ± ２３ .７２A ９０ 摀.３９ ± １４ .５３A
Early １６ _７０ 珑.３５ ± ２６ .８１A ４３ =.２６ ± ３１ .９４B ５６ 摀.９７ ± ３０ .４１A
Typical steppe
Seral stages Lymus chinenses Stipa grandis A rtemisia f rigida

n Canopy cover ( ％ )
Late ２０ _１１ 珑.６９ ± ３ .１３A ７  .１５ ± ２ .０５A １ e.６５ ± ０ .６８B
Late intermediate ９ H６ 构.４６ ± ２ .００B ７  .３２ ± ２ .９４A ２ e.００ ± １ .２０B
Early intermediate ４ H４ 构.５４ ± １ .０６B ７  .５６ ± １ .４７A ３ e.５７ ± １ .３１A
Early ４ H２ 构.５２ ± ０ .２９C ６  .３１ ± １ .３９B ２ e.９３ ± ０ .４６A

n Frequency of occurrence ( ％ )
Late ２０ _４６ 珑.９２ ± ７ .６９C ４７ =.４９ ± ８ .６２B １７ 摀.３０ ± ２ .７１C
Late intermediate ９ H７１ 珑.１３ ± ６ .７７A ７０ =.４８ ± １７ .８５A ２２ 摀.７３ ± ７ .３９A
Early intermediate ４ H６２ 珑.３９ ± ９ .３０B ７３ =.４２ ± ５ .１４A ２６ 摀.６４ ± ８ .３７A
Early ４ H７８ 珑.１６ ± ３ .６０A ８０ =.１９ ± ８ .９９A ２０ 摀.３１ ± ０ .６７B
Desert steppe
Seral stages Stip a brev i f lora A rtemisia f rigida Cleistogenes songorica

n Canopy cover ( ％ )
Late １２ _６ 构.２３ ± ２ .４９B １５ =.４５ ± ２ .８８A ８ e.４７ ± ３ .１４B
Late intermediate １０ _３ 构.２８ ± １ .９９C ２５ =.２４ ± ７ .１９A １２ 摀.９０ ± ３ .９２B
Early intermediate ５ H４ 构.９２ ± ２ .３５B ６  .９６ ± ４ .２３B １３ 摀.９７ ± １ .６１A
Early ９ H５ 构.６０ ± ３ .４７B ６  .０８ ± ３ .２１B ８ e.５２ ± １ .８２A

n Frequency of occurrence ( ％ )
Late １２ _６８ 珑.４０ ± １５ .８３B ８６ =.８０ ± ８ .８５A ９１ 摀.２０ ± ７ .５０A
Late intermediate １０ _４０ 珑.８０ ± ７ .６９B ８５ =.６０ ± １０ .０４A ９２ 摀.００ ± ７ .４８A
Early intermediate ５ H５６ 珑.００ ± ９ .３８B ６０ =.４４ ± １５ .５５B ９７ 摀.３３ ± ３ .４６A
Early ９ H６３ 珑.００ ± １４ .２８B ７２ =.６７ ± １２ .４０B ８７ 摀.００ ± ８ .３８A
Multivariate vegetation analysis provided an accurate method for assessing ecological seral stages ( Uresk １９９０ ) , and can beused for rangeland monitoring purposes . However , more continuous monitoring sites need to be established to provide data forthe development of grassland models for Inner Mongolia .
ConclusionsA monitoring tool was developed from gradients of grazing intensity in Inner Mongolia using the plant succession approach andthree key plant species indicators . The species were identified using multivariate statistical methods . The index value of coverand frequency measurements can be used in Inner Mongolia grasslands for the range condition assessment at management unit
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scale . Knowledge of the seral stages can be used to guide rangeland management in Inner Mongolia .
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Indicators of sustainability in African ranglands
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Key points : Survival of pastoral people who derive their entire livelihoods from rangelands is the most critical indicator ofsustainability of African rangelands . But that survival is under threat through rangeland ecosystem fragmentation , human andlivestock population pressures , unsustainable land use changes , weak policy and soci‐economic environments , availabletechnology and natural disasters . Essential monitoring of these factors which is essential for their management by stakeholdersis constrained by weak institutional capacity . This can be alleviated through regional and global , scientific and economiccollaboration .
Key words :Rangeland , Indicators , Ecosystem , Human Survival
Introduction Rangelands around the world have common characteristics which include ‐ relatively low rainfall , typically less than
８００ mm unevenly distributed through the year and of ten unreliable , variable from year to year usually with a longer termcyclical variation ; low productive potential per unit area ; low levels of output and of population density . Thus the areas have
generally become economically marginal , with poorly developed or limited physical and economic infrastructure .
African rangelands share the above characteristics but in addition have certain unique features which require adjustments inconventional approaches to rangeland management . First African rangelands are home to pastoral people of different ethnicbackgrounds who traditionally derive their whole livelihood from rangeland resources . Survival of pastoral people with theircultures which have long evolved around rangeland resources is a priority consideration in assessment , monitoring andmanagement . Secondly , poverty at both local and state levels limits the adoption of a broad range of available alternativeapproaches to rangeland management .
Assessment of rangeland condition and monitoring of trends in Africa has been inconsistent and constrained by lack of financialresources , enabling policy environment and institutional capacity . But individual countries , supported by international partners ,have established rangeland management training and research institutions , which have made good initial inventories and surveysincluding mapping , but there has been lack of coordination between countries and continuity in data collection and monitoring ,which has limited their use . Because of this I would like in this presentation to use , as an example , my country of Kenya withwhich I am most familiar .
In African terms , Kenya has had a considerably long history in rangeland management which has seen the application of variousapproaches to resolve the issue of land degradation in the arid and semi arid zones of the country . These have includedintroduction of various land tenure systems in rangelands and establishment of rangeland research , training and managementinstitutions . In discussing indicators of sustainability of African rangelands , it is important to focus on how these developmentshave impacted on the stability of rangeland ecosystems and how improvements could be made . Although not supported by hardand consistent scientific data , it is generally acknowledged from field observations that African rangelands are undergoingsevere degradation and pastoral people are becoming poorer .
Indicators of sustainability The causes of and impacts of land degradation are of ten multiple and complex and usually involve acombination of human and natural factors . There are direct and indirect relationships between the state of natural resources
( soil , vegetation , water , ecosystem ) , and biological diversity at species level ( animal , plant and microbial species ) andecosystem level ( habitats , interactions , functions ) and the management of those resources ( Bunning ２００３ ) . Managementpractices directly or indirectly affect the capacity of land users to conserve and sustain resources and provide goods andecological services . The assessment and monitoring of range condition and associated ecosystem processes , therefore , requiresan integrated set of biophysical and socio‐economic indicators , which will provide a basis for informed management decisions bya range of stakeholders from resource users and managers to technical advisers , planners and policy makers .
Territorial integrity of pastoral landsThe long term survival of pastoral people who are wholly dependent on resources of the rangelands is perhaps the best indicatorof the sustainability of African rangelands . That assurance pre‐supposes that the pastoral people have adequate rangeland tocater for their year round survival including times of prolonged droughts or floods or outbreaks of disease . Conversion ofAfrican rangelands to non viable grazing units is perhaps the biggest threat to their sustainability .
Pastoral nomadism is a necessity for survival on African rangelands and has been traditionally practiced for many years .Pastoral people moved over large territories in search of suitable grazing for their livestock and sections of rangeland were



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]549　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Indicators for Sustainable Use and Conservation of Grasslands/Rangelands Resources

reserved for dry season grazing and periods of drought . The movements were orderly and the decision making processes thatinitiated such moves were well established within the pastoral cultures . Territorial integrity was assured through tribal councilsof elders who regularly met to discuss issues of mutual interest across tribal boundaries . Grazing reserves were protected for theuse of all . In order to regain the integrity of the rangeland , it is important to restore some of the original rangeland territorythrough trans‐boundary agreements that guarantee access to grazing rangelands across modern state boundaries .
In Kenya , for example the Kenya/ Uganda boundary divides the tribal territories of the Pokot and Turkana pastoralists ; theKenya/ Ethiopia border divides Borana , Gabbra and Somali pastoralists ; the Kenya/ Somalia border divides Somali , Pokomo andOromo pastoralists ; while the Kenya/ Tanzania border divides the Masai and Kalenjin tribal territories . T ribal disputes due tocross border grazing have been on the increase in the recent past sometimes resulting in clashes that have cost human lives . Inorder to resolve these problems it will be important for the modern nation states to draw standing trans‐boundary agreementsthat would assure orderly access to these rangelands for the pastoral populations affected .
Security of tenure of African rangelandsSecurity of tenure is an important indicator of the sustainability of rangelands for without security of tenure of the residents ofAfrican rangelands , long term rangeland management measures and investments cannot be assured . Tenure under thetraditional systems was assured through the tribal custodianship of rangelands vested with tribal elders . T ribal territories hadbeen established after long term negotiations between the tribes , sometimes occurred after bitter tribal wars . Rangelands wereowned as tribal entities and their use was regulated by tribal rules , which had evolved over time and whose basic foundation wasto maintain the integrity of rangelands for the long‐term survival of the tribe .
The establishment of modern nation states which brought together many different tribes necessitated the introduction of newland tenure systems , some of which would be based on individual land ownership . Although this was easier to establish inagricultural communities and tribes , it was not very easy to prescribe specific land tenure systems for pastoral rangelands . Theexperience in Kenya , is a good example .
In the early １９００�s Kenya�s high potential rangelands were converted into fenced off commercial ranches to raise beef largelyfor the export market . In addition group ranches with group title deeds were established for certain select semi‐settled agro‐
pastoral communities . The pastoral nomadic groups were lef t with low potential rangelands without any specific tenure statusbut put under the custody of country councils , which had never been involved in rangeland management . The individual andgroup ranches were originally part of the pastoral nomadic seasonal grazing cycle , which consisted of both wet and dry seasongrazing areas in order to use rangelands in a sustainable way . The removal of these rangelands from the established nomadicgrazing cycle was a factor which led to rangeland degradation . The communal ownership of rangelands lef t for pastoral nomadicgroups did not qualify for investment credit from financial institutions . In order to assure sustainability of the AfricanRangelands pastoral communities must be assured of the tenure of their lands in order to take responsibility for their sustainabledevelopment and management .
Land use change and sustainability of African rangelandsLarge portions of African rangelands occupied by pastoral people are ecologically fragile and nomadic pastoral grazing rangelandis the ecologically most suitable land use . Politically and economically , however , these areas have had a history opportunisticexploitation that has resulted in increasing degrees of human hardship and ecological damage .
In Kenya , for example ( Table １) , due to increasing human population pressure in arid and semi arid rangelands , rangelands areincreasingly being converted into cropland . The general result of this type of agriculture , in these ecologically delicatelybalanced areas , is to convert potentially good quality grazing land into ecologically unstable areas of lowered fertility , liable towater and wind erosion .
Table 1 Changes in A rea o f Major L and Use Categories‐K aj indo District

Area in Hectares ( Ha)
ID Land use １９７３ 5１９８４ 苘１９９４ 儍２０００ *
１ &Forest ６４６  .３４ ５９５ �.８８ ４１６ U.６９ ４１６ �.６９
２ &Irrigated Agriculture ２４５  .１７ ３ ,５１２  .４８ ４ ,０４３ 北.３９ ４ ,７６６ X.１８
３ &Rainfed Agriculture ７ ,２１１ c.４７ １７ ,７６２ 8.３１ ２２ ,０３２ 哌.６６ ２４ ,９１１ 唵.０４
４ &Rangeland １６０ ,８４６ 靠.７６ １４７ ,０９４ f.６３ １４２ ,４７３  .９７ １３８ ,８７１ 创.０８

From : David J . Campbell et al , Human Ecology , Vol .３３ , No . ６ December ２００５ .
In order to further ensure food security for increasing human populations , critical areas of rangelands that were retained for dryseason grazing , have been converted into irrigated farmland . Many of those irrigation schemes have been abandoned after therangeland has been destroyed and thus increasing the instability of the rangeland ecosystem . Where such schemes have
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survived , they have served to displace pastoral livestock to more marginal rangelands which can least support them and hencecontributing to continued rangeland degradation through overgrazing . Although it may not be economically possible to restoresome of the rangelands , efforts to stabilize the already degraded areas should increase their sustainability .
Rangeland fragmentation through the sale of already securely adjudicated individual and group ranches is another factorcontributing to the instability of African rangelands . Although security of tenure was seen as a way of keeping rangeland for
grazing use , many of the individual and group ranch owners are increasingly leasing or selling these lands to absentee landlordsfor commercial wheat farming and production of other crops ( Figure １ ) . Valuable dry season grazing rangelands are beingturned into flower farms for export . Although these exports may be beneficial to the national economy , such lands should havebeen guaranteed to remain rangelands through a still current zoning policy . These land use changes are leading to irreversibledamage to the rangelands and serious consequences for the pastoral people who live there .

Figure 1 Patterns o f land use change in southeast K aj iado District , K enya 1973‐2000
From Dav id J . Campbell et al , Human Ecology ,Vol .33 , No .6 December 2005 .

Demographic change and sustainability of African rangelandSince sustainability of African rangelands is directly linked to the livelihoods of the pastoral people who live there , demographicchange in rangelands and the living conditions of the pastoral people is perhaps the most important indicator of sustainability ofrangelands . Apart from the reduction in pastoral territory , changing land tenure and land use ; population of the people who livein rangelands has increased by ２ .２ percent annually . This has far reaching consequences . Since the pastoral people are directlydependent on their livestock , an increase in their population traditionally requires an increase in livestock numbers . Increase inlivestock populations increases pressure on already reduced rangelands . The result is unprecedented rangeland degradationaccompanied by human suffering . During relatively frequent times of drought there are usually not only environmental refugeeswho flee to famine relief camps but loss of livestock and human life . This is the scenario across most of Africa�s rangelandswhich has not been adequately addressed through national policies and development plans .
Another demographic trend of far reaching impact on the sustainability of African rangelands is the official governmentencouragement of sedentarization of pastoral nomadic people . In Kenya , this was done through the establishment of grazingschemes and group ranches as good models of proper land use and livestock management . Once settled , the pastoral populationswould receive medical treatment , the children would go to school , and the people would pay taxes to the government . Otherforms of settlements are outgrow ths from famine relief centers created to provide food for people following droughts af ter theyhave lost their livestock . It is understandable that the government , anxious to safeguard the welfare of these people might haveencouraged these types of activities without realizing their ecological consequences . But in the long term interest of the survivalof the pastoral people of the rangelands , African governments must promote land use approaches and socio‐economic systemsthat must restore the integrity of pastoral rangelands and assure sustainable human livelihoods .
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Changes in livestock populationsLivestock is the primary link between the pastoral people and their environment . Pastoralists determine the condition of theirrangelands through the performance of their livestock . Milk production is an important indicator of the condition of therangeland and plays an important role in determining their movement over their rangelands . When milk production continues todecrease , it usually means that the availability of grazing and water is low and hence time to move to the next grazing unit .Assurance of survival was also further achieved through the keeping of mixed herds of livestock‐cattle , camels , sheep , goatsand donkeys‐which utilized different parts of the available forage and had compatible water needs .Wildlife was part of the rangeand diversified their food security during times of drought .
The situation in Kenya with regard to livestock populations could be representative of Africa�s rangelands . Control of livestockdiseases and provision of adequate watering points for people and their livestock are some of the most compelling human urgeson African rangelands , but this has led to livestock populations exceeding rangeland grazing capacity . This becomes selfdefeating when carried out on a narrow front , without any surrounding strategic design for controlling livestock numbers ordiluting modern human greed for exploitation .
Vegetation and sustainability of African rangelandIn range science , condition of the vegetation ‐ its composition and diversity , its type and vigor , and its cover of the soil surface
‐ is one of the most important indicators of rangeland sustainability . Vegetation on African rangelands occupied by pastoral
people has continued to deteriorate due to a combination of the above factors .
Human population pressures have put direct pressure on the vegetation through their demand for fuel wood and buildingmaterial and for building night enclosures to protect livestock from predators . This has reduced woody vegetation which isforage to livestock and wildlife populations .
Because of weak grazing controls and livestock marketing structures on these communal lands , there is increased overgrazingover large areas of the rangelands . Information on vegetation change on African Rangelands has been fragmented but satelliteimagery is now providing some hope for a broad assessment of the situation . When this information is available , new policieswill need to be put in place by individual countries . But those policies need to be enforced and alternative livelihoods offered tothe rangeland people .
The effects of soil degradationSoil stability and fertility are important indicators of rangeland sustainability . The condition of rangeland soils in Africa is beingincreasingly reduced due land use malpractices .
After periods of rain in Kenya , for example , it is possible to see rivers changing color , as valuable soil is washed from land andswept away . This is an irretrievable loss to African nations and in many cases has already undermined the development
processes and food security on which the welfare of the people depend .
Wildlife conservation and rangeland sustainabilityWildlife is an indispensable part of the African landscape , especially its rangelands . Wildlife utilizes different vegetationcomponents from those used by livestock and is more resilient in use of available water . Pastoral people have always consideredwildlife to be part of their landscape which does not only provide survival during times of drought , but also offers alternativelivelihoods in terms of wildlife based tourism . Its presence or absence is an important indicator of the sustainability ofrangelands .
Conclusion It is difficult to make a general evaluation of the status of African rangelands because of the vast differences in their
physical location and socio‐economic conditions of the countries where they are found . Socio economic conditions of the peopleand their welfare will continue to be the most important indicator of the sustainability of rangelands in both the short and longterm . Because of poverty and differences in the socio‐economic status of the individual countries , it is difficult to implement auniform monitoring program that would yield reliable continent‐wide data for development planning and management . But sincemost rangelands are trans‐boundary , such information will be needed at the regional scale if it is to be useful . There arecurrently many well established centers for rangeland research and development which have been operating below their full
potential due to lack of funds and enabling environments for ex tensive field surveys . These must for the time being remain thenucleus for rangeland development and collaboration between African states and indeed the rest of the world . It is quite possiblethat the recognition of these centers as regional centers of excellence could remove them from the national constraints . Themost important objective for such centers would be to provide the urgently needed information to arrest and reverse the currentaccelerated degradation of African rangelands .
ReferencesTalbot , Lee M , １９８６ . Demographic factors in resource depletion and environmental degradation in East African Rangelands .
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Key points :One hundred years of pastoral use of Patagonia�s rangelands have resulted in severe land degradation . Widespreadapplication of range survey methods to determine grazing capacity of commercial ranches did not begin until the late １９８０s .
Public awareness about desertification problems and efforts of the science community led to the passing of an importantcongressional act in ２００２ which has created the conditions for the implementation of a region‐wide rangeland monitoring system
( MARAS) . Although most of the criteria and indicators for sustainable rangeland management proposed by the SustainableRangelands Roundtable are relevant to conditions in Patagonia ( Argentina) , less than half the indicators are applicable due to
the relative paucity of data and validated models . Current monitoring frameworks allow broad spatial scale assessments but aresomewhat lacking in fine‐scale evaluation of indicators .
Key words : rangeland monitoring , biophysical indicators , socioeconomic indicators , MARAS
Introduction Most of Patagonia�s rangelands ( approximately ７５０ ０００ km２ ) lie in the rain shadow of the Andes mountain rangeand are primarily treeless shrub and grass steppes that give way to dwarf‐shrub semi‐deserts in the drier areas of the central
plateaus ( Roig １９９８) . Blended in the steppe landscapes are riparian areas ( vegas or mallines) associated with rivers and other
permanent water sources . Although mallines are a very small proportion of the total land area of Patagonia , they frequently
play a key role in livestock production and , in many instances , are the ecosystems most severely affected by improper landmanagement decisions ( Golluscio and others １９９８ ) . Approximately ９０ percent of soils in the region exhibit some degree ofdegradation , mostly as a consequence of improper land use . Severe desertification affects about a third of Patagonia (Del Valleet al .１９９８ ) ; some of its most dramatic expressions are the lenguas medanosas ( sand dunes ) that covered an area ofapproximately ８５ ０００ km２ in the early １９７０s .
Commercial sheep grazing enterprises are a fundamental element of rangeland livelihood of most of Patagonia . Almost all ofPatagonian rangelands are privately owned and , therefore , grazing use is virtually unregulated . Rangeland science andmanagement tradition is fairly young in most of Patagonia ; widespread application of range survey methods to determine grazing
capacity of commercial ranches did not begin until the late １９８０s . Surprisingly , invasive noxious weeds are not a widespread
problem on Patagonia�s rangelands . We report past , present and future of rangeland monitoring in Patagonia and theapplicability of a suite of criteria and indicators for sustainable grassland management to conditions in Patagonia .

　 　 Figure 1 : Map o f rangeland types o f A rgentina according to Fernandez and Busso (1999) .

History of Patagonian land use Pastoral use history of rangelands in Patagonia is relatively recent . Colonization took place in the
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late １８８０摧s , af ter military �desert" campaigns subjugated native peoples and offered land for settlement , mainly to Argentineand Chilean�criollos" but also to settlers of European or Middle‐Eastern descent , including Spaniards , English , Scottish ,Italians , Syrian‐Lebanese and Yugoslavians . Native peoples were mainly hunters and gatherers : the Tehuelche in the south didnot endure the cultural impact of colonization and are now severely reduced in number , while the Mapuche people , in the north ,
recovered af ter an initial decrease in number . Both groups add up to ２３ to ５０ thousand people , about １ .４ ‐ ３ .５％ of currentresidents of the region . Early ( １８８０‐１９００ ) colonization was actively encouraged by the government and settlers were givenaccess to pastoral leases in large areas of the most productive or readily accessible land . At the turn of the １９th century , poorersettlers took part in the colonization of more arid or less accessible areas . The land was divided geometrically into allotments ofabout １０ to ２０ thousand hectares without considering environmental factors or the balance of range types , water points or
wintering areas within the properties (Barbería １９９５) . Native Americans remained on the land in small subsistence allotmentsof about ５００ to ２５００ hectares or in a few reservations . Freehold rights consolidated land tenure of most of the big �estancias" atthe turn of the ２０th century , but small allotments remain mostly with informal or traditional occupation , a great number of themunfenced .
History of Patagonian sheep industry The sheep industry flourished until １９２０ , while prices of wool were high and undisturbed
grasslands could take heavy grazing pressures . Sheep numbers peaked in １９３７ ( approx . ２０ million) and remained stable for thefollowing ５０ years ( Escobar １９９７ ; Mendez Casariego ２０００ ) . In the １９８０�s , a generalized stock reduction process ( approx ８million) was triggered by a combination of lower international wool and meat prices , loss of productivity due to rangelanddegradation , and macroeconomic policies that inflated the value of local currency ( Borrelli and others １９９７ ; Mendez Casariego
２０００) .
These factors put most sheep ranching enterprises in a difficult financial position ; by the end of the ２０th century most ranchers
had become heavily indebted and had drastically reduced their work force . This crisis primarily affected mid‐sized ( ２０ .０００
hectares) family‐owned ranches in the Central Plateau of Santa Cruz , where about ４４０ ( ４０％ of the total ) estancias wereabandoned or remained occupied by caretakers with no pastoral activities . Rural population in Santa Cruz fell from ２４ .５００ in
１９６０ to １３ .７００ in １９９１ ( Mendez Casariego ２０００) . Changes in macroeconomic policies implemented in ２００２ have increased the
profits of the sheep ranching industry ( Teran and Claps ２００２ ) , and there is currently a strong predisposition to re‐colonizevacant lands .
Environmental degradation and the role of central government Grazing‐induced degradation processes were described early on byBailey Willis ( １９１４ , as cited in Castro (１９８３ ) , Morrison (１９１７) , Auer (１９５１ ) , and Soriano (１９５３) . Soil erosion was treatedusing dune control techniques as early as １９５０ ( Castro １９８３ ) . Nonetheless , the underlying causes of degradation were notaddressed , and heavy stocking rates remained in place until the １９８０�s . Regional evaluation of desertification using satelliteimagery which began in the early １９９０�s , showed that severe or very severe desertification had affected approximately ３４％ ofPatagonia (Del Valle et al . １９９８) .
According to the Argentine constitution , natural resources , including rangelands , are under the jurisdiction of provincial
governments . Sadly , environmental consequences of improper grazing have rarely been addressed by provincial or nationalgovernment policies due to the fact that most of the land is under freehold tenure and there is no constitutional mandate tomonitor the state and management of rangelands . Grazing has , therefore , gone unregulated and conservative management hasdepended mostly on the perceptions and goodwill of landowners . Due to social and political influence of traditional rancherassociations , significant amounts of public funds have frequently been directed towards the maintenance and expansion of thesheep industry through subsidies and financial support regardless of the grazing capacity of rangelands .
Joint desertification projects sponsored by the Instituto Nacional de Tecnología Agropecuaria (INTA ,Argentina)and the
Deustche Gesellschaft fur Technische Zusammenarbeit ( GTZ , Germany ) from １９８９ to ２００２ helped increase public awarenessregarding the threat that desertification posed to the region , and stimulated the design and fairly extensive application of
rangeland survey and monitoring techniques . The trend in public fund allocation has changed in recent years since the passing of
a Sheep Act in ２００２ ( Poder Legislativo Nacional ２００４ ) that assigns about u ＄ ７ M yearly to projects that can demonstrateecological sustainability through certified range evaluation . Rancher associations participate in the distribution of these funds
that support the development of a regional‐scale monitoring system . A project with funding currently under consideration by the
Global Environment Facility Program of the World Bank ( GEF) will address three aspects that the Sheep Act of ２００２ does notinclude , namely : １) rangeland monitoring ; ２ ) education ; and ３ ) diversity conservation through public and private protectedareas . Such recent developments allow moderate optimism regarding a change in long‐term government rangeland conservation
policies .
Past , present , and future of rangeland monitoring in Patagonia The use of rangeland science to address management problems in
Patagonia is fairly recent . It was not until the early１９８０s that researchers began using traditional range condition analysis to
develop utilization guides for a few selected range sites in the region ( Borrelli et al . １９８４ ; Borrelli et al . １９８８ ) . Because no
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vegetation‐based rangeland assessment techniques had been calibrated for ex tensive use across Patagonia , concurrent eforts
were also made during the １９８０s to develop range assessment methods that would provide region‐wide stocking rate guidelinesfor sheep ranchers ( Borrelli and Oliva １９９９ ) . Starting in １９９２ , range scientists began working on transforming �old" rangecondition guides into state and transition models ( Paruelo et al . １９９３ ) . Unfortunately , ecological site description workassociated with this effort was soon put on hold ; all efforts were progressively directed to train extension personnel and privateconsultants to use the newly developed range assessment methods in the field . Region‐wide programs funded by the federal
government were basically aimed at mitigating the effects of desertification . Their basic assumption was that desertificationprocesses were being driven by sheep‐grazing ; consequently , development and application of tools to adjust stocking rates were
given highest priority .
Although some range assessment data were compiled into regional databases , their detail was insufficient to make reliableinferences about regional vegetation trend . These shortcomings were somewhat offset by the development of a regional GIS that
used １９８６ Landsat ７ satellite images to generate an inventory of land degradation status in selected areas of Patagonia . Thiseffort , allowed a first approximation to quantifying the problem of desertification . The last stage of this project involved asocio‐economic survey of ranchers across some key areas of Patagonia that was completed recently . This was possibly the first
survey in Patagonia , documenting individual rancher�s perceptions of land management issues . Detailed long term plant coverand soils data exist for a handful of sites across Patagonia , mostly on federal government experimental ranges .
The need for an independent method to determine rangeland state and trend at the scale of range types ( from ０ .４ to １４ .３ M ha)
and at relevant time scales ( decades) has been acknowledged recently . Range scientists from across Patagonia have developedthe �MARAS" monitoring system ( Monitoreo Ambiental de la Región A rida y Semiárida de Patagonia , ( Oliva and others
２００４) based on Australia摧s WARMS method (Western Australia Monitoring System) , that includes point intercept transects orfrequency samples to evaluate herbaceous vegetation and Canfield transects to monitor shrubs . Soil surface stability sampling isalso performed to monitor topsoil integrity . Monitoring stations will be set up at a rate of １ : ２０ .０００ hectares and will be
measured every five years . MARAS has received funding from a federal Sheep Act of ２００２ to train field personnel , install thefirst monitoring sites , and design a web‐based data bank that will be accessed by government agencies and NGO摧s . In thefuture , MARAS could supply information to monitor vegetation cover , species composition , forage biomass and soil condition
of rangelands in Patagonia . To date , there are no plans in place to incorporate social or economic variables into this monitoring
system .
Rangeland monitoring and issues of scale Ecological problems , such as rangeland sustainability , occur at temporal scales of
several decades and at spatial scales of entire ecosystems . However , many indicators of sustainability can only be measureddirectly in small areas over relatively short periods of time . Because patterns and processes that occur at fine spatial scales do
not necessarily prevail at broader scales ( Allen and Starr , １９８２) , it is not possible to simply aggregate across scales from localto regional or national levels to make inferences about sustainability of rangelands ( Mitchell , ２００２ ) . The suite of criteria andindicators such as those developed by the Sustainable Rangeland Roundtable ( SRR) were intended to �爥 guide monitoringefforts to measure rangeland sustainability爥at multiple scales [ and to ] ensure that爥 . appropriate temporal and spatial scales
for assessing the criteria [ were used] 爥" ( SRR ２００５) .
Catastrophic events that have long‐lasting effects on rangeland ecosystems ( e .g . desertification , wildfires ) exhibit non‐linear
behaviors that are thought to be driven by cross‐scale interactions and complex feedbacks among ecosystem components ( Peters
et al . , ２００４ ) . Although significant progress has been made in describing thresholds of vegetation change ( Bestelmeyer et al .
２００３ , and references therein) , the ability to predict the point at which ecosystems are likely to cross a threshold is still in its
infancy . Peters et al . ( ２００４ ) proposed that threshold behavior is the result of cross‐scale interactions in which broad‐scaleprocesses , such as drought or wildfires , eventually overwhelm fine‐scale processes and control the dynamics of the system . Forexample , in a highly degraded rangeland ecosystem , landscape‐level transport of materials by wind and water may override
micro‐patch conditions that control plant recruitment and determine overall vegetation trend . Peters et al . ( ２００４) argue that insuch conditions , grazing may be irrelevant to overall system dynamics . Monitoring indicators of rangeland sustainability
should , therefore , be based on a basic understanding of the processes currently driving the system and the spatial and temporal
scales at which they operate . Data from plots or transects should be interpreted in the context of landscape dynamics to meet
these challenges ( Peters and Havstad ２００６) . Although rangeland scientists in Patagonia have recognized the non‐linear natureof rangeland plant community dynamics ( Oliva et al . １９９８ ; Parizek et al . ２００２ ) , current monitoring efforts do not explicitlyaddress issues of scale .
Scale issues may be of a somewhat more complex nature when social and economic variables are considered . Scaling up in timeand level of organization ( from individuals to institutions) by simple aggregation is , conceivably , also an inadequate means of
predicting behavior of social systems . Complex social and economic behavior interactions may also exhibit non‐linear dynamicswith critical thresholds and transitions that may be irreversible for time frames relevant to rangeland managers .
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Table 1 Qualitative analysis o f scales at which ap p licable SRR indicators can currently be monitored in Patagonia
(A rgentina)

倡 Extent is the largest area monitored
倡 倡 Grain is the smallest unit that can be monitored and is therefore indicates the level of resolution of the data

Applicability of criteria and indicators (C&I) for sustainable grassland management in Patagonia Cibils and Oliva (２００６) assessedthe relevance of the Sustainable Rangelands Roundtable ( SRR) C& I to conditions in Patagonia and found that : a) Most C& Iwere relevant to conditions in Patagonia and that only a few indicators , mostly within the criterion dealing with conservation
and maintenance of plant and animal resources on rangelands ( SRR�s criterion ２ ) , were classified as not being applicable toPatagonian rangelands ; b) available data or models could only assess ２６ of the ５３ relevant indicators for sustainable rangeland
management proposed by the SRR ; and c) relative lack of quality data and scarcity of validated models were the factors thatlimited the applicability of SRR C&I to Patagonian rangelands the most .
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Cibils and Oliva ( ２００６) suggested that their assessment exercise could be indicative of the kinds of challenges associated withapplying the SRR C&I to rangelands in developing countries . They further suggested that the application of rangelandmonitoring assessments in such countries following the framework proposed by SRR may require a shorter bare‐bone list ofessential criteria and indicators ( Table１) . The development of a condensed list of essential indicators could serve as a guide tohelp land managers and local enforcement authorities in developing countries prioritize the use of scarce funds allocated tomonitoring efforts .
Can applicable criteria and indicators be measured at appropriate scales in Patagonia ?Because not all indicators can be monitoredin Patagonia , a second qualitative assessment was conducted to determine whether monitoring the reduced subset of indicators
mentioned above would provide reliable information at multiple scales .
This assessment showed that most biophysical indicators on the short list ( Table １) could only be currently monitored at broadspatial scales ranging from pastures to watersheds and landscapes . The grain of the scale at which most indicators could bemonitored ranged from ３０m２ to１ km depending on pixel size of the satellite image used . For indicators related with area of
infestation of noxious or invasive plants , rangeland aboveground biomass , and annual aboveground productivity transect or plotdata were available for a reduced number of sites across the region . Prior analysis of satellite images that provide baseline data
to determine several soil and plant indicators was also circumscribed to ４ pilot areas that cross most of the Patagonian steppefrom W to E at different latitudes .
Limitations associated with the spatial grain of the data are greater when socio‐economic indicators are considered ( Table １ ) .Although most surveys are conducted at the level of individual households or ranches , the data made available to the general
public ( including researchers) cannot be disaggregated beyond the level of provinces and , sometimes , counties . In addition ,regional and national censuses are subject to sporadic federal funding pulses and are , therefore , conducted at irregular intervals .
Hence , it is difficult to overlay watershed or landscape scale trends with corresponding socio‐economic changes .
Conclusions Most of the C& I for sustainable rangeland management proposed by the SRR are relevant to conditions in Patagonia
( Argentina) . Less than half the indicators are applicable , however , due to the relative paucity of data and validated models . Ashorter list of essential indicators may be necessary to realistically conduct regional long‐term assessments of overall
sustainability of rangeland ecosystems in developing countries .
Current monitoring frameworks of bio‐physical indicators of rangeland sustainability in Patagonia allow broad spatial scaleassessments but are somewhat lacking in fine‐scale evaluation of indicators . Broad‐scale bias is even more accentuated if socio‐economic indicators are considered . A new monitoring framework developed by scientists in Patagonia ( MARAS) will tend toincrease fine‐scale assessment of bio‐physical indicators . This monitoring framework could be enhanced by explicitly addressingcross‐scale interactions following a novel conceptual model developed for arid rangeland ecosystems of North America ( Petersand Havstad ２００６) .
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The use of criteria and indicator monitoring of ecosystem sustainability to assess ecosystem
services on grasslands/ rangelands

R . Dennis Child , Janette K aiser , and Ralph Craw f ord

Introduction Ecosystem services are benefits people obtain from ecosystems . An international work program and the largestassessment of the world ＝ s ecosystems was launched by UN Secretary , General Kofi Annan , June ２００１ ; completed March
２００５ . The Millennium Ecosystem Assessment ( MA ) , as it was known , was prepared by over １３００ authors in ９５ countries .The findings are contained in １５ reports . One of the main findings indicates that over ６０ percent of the world ＝ s ecosystemservices are in decline . Further , the report describes the critical link between ecosystem services and human well‐being . TheMA assessed ２４ services and predicted their status ; １５ of these were found to be declining . The MA highlighted that ecosystemservices are natural assets for countries around the world , but without formal valuing mechanisms , they are not taken intoaccount in measures of a country摧s economic progress or wealth .
Part of the problem is that these services are of ten considered to be�public goods" that are free and limitless . Lacking a formalmarket , these natural assets are traditionally absent from society摧s balance sheet ; their critical contributions are oftenoverlooked in public , corporate , and individual decision‐making . There isn摧t an incentive to protect or conserve these publicbenefits . Recognizing rangeland ecosystems as natural assets with environmental , economic and social value can promoteconservation and lead to more responsible decision‐making on both public and private rangelands in the United States and theworld .
Walter Reid , Institute for the Environment , Stanford University professor and the leader of the MA , identified four ways inwhich we might be able to prevent the degradation of ecosystem services : new business models , new technologies , newincentives and new markets . All of these changes result in changing human behavior . So what does this mean for public orfederal rangelands in the US , and for rangelands around the globe ?
Rangelands of the United States Rangelands , grasslands , improved grasslands and shrublands comprise approximately ７０％ ofthe earths land surface including approximately ４００ million hectares of the United States land base .
These lands are ecosystems which serve important ecological , cultural and economic roles that go well beyond the traditional
�multiple uses" that usually come to mind . Healthy rangeland ecosystems provide a full suite of goods and services that are vitalto human health and livelihoods , also known as ecosystem services . Many of these goods and services are traditionally viewedas free benefits to society , or public goods . These lands provide commodity , amenity , and spiritual values that are vital to thewell‐being of Nations , regions , and local areas . These goods and services include : food and fiber , forage for grazing animals ,critical species and wildlife habitat , water storage and filtration , carbon sequestration to mitigate climate change , consumptiveand non‐consumptive recreation opportunities , erosion and pollution control , biofuels , cultural heritage and a way of life for
grassland/ rangeland dependent human communities , to name a few . Intact grassland ecosystems provide integral processescritical to functions such as pollination control , nutrient storage , climate moderation , primary productivity , and maintenance of
genetic reservoirs and seed sources .
Even so , rangelands suffer from an identity crisis . A clear mental picture exists for forests , but for rangelands it摧s not so clear .Common characterizations of landscapes do not identify rangelands as a type of land , and often fragment rangelands into morerecognizable descriptors such as forests , crop and agricultural lands which often omit those lands that are relativelyundeveloped . This can be challenging , especially for management of federal rangelands . In fact , a national survey exists for allforested lands , as well as private agricultural lands . There is also a global effort to characterize forests and assess theirsustainability to nations and the world which utilizes criteria and indicator monitoring protocol . Sadly , there is no nationalsurvey for rangelands in the US that includes federal rangelands , and there is no use of criteria and indicator monitoring forsustainability of rangeland resources on a global scale .
In the US , there is no data collected using the same methodology over time that allows for aggregation at the national level .That leaves interpretation to professional opinion and personal judgment . When rangelands are undervalued , as they currentlyare , they are increasingly susceptible to degradation , development pressures , and conversion . The highest value for rangelandsin America today is development ; and I suspect that is not untrue for other countries as well .
There is a need for increased recognition of the full range of ecosystem services , especially in light of increased consumption ,increased demand for development , the continued need for spiritual and aesthetic values , and commitment to local communitystability . The ability to identify , characterize and provide a value for these services can inform decision making and policydevelopment on public and private rangelands .
Valuing ecosystem services on both public and private lands can make good stewardship profitable . In the US , the Forest
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Service , along with other federal agencies , is exploring ways to value ecosystem services opportunities to advance markets and
payments for ecosystem services on rangelands , and any application this concept may have to stimulate market‐basedconservation and stewardship for future sustainable use of rangeland renewable resources for current and future generations . Indoing so , we can
瞯 　 Provide new revenue streams for renewable resource industries
瞯 　 promote conservation and sustainable land management
瞯 　 support ecological restoration
瞯 　 Increase appreciation and support of public lands .
瞯 　 Better inform decision makers on the value and sustainable use of rangelands
Scientists predict that to stabilize carbon dioxide in the atmosphere , we need to reduce global emissions by ７０ percent .Adopting certain agricultural and land management practices can reduce greenhouse gas emissions to the atmosphere andsequester additional carbon . Market based approaches to carbon sequestration , biomass utilization , and water quality exist .And other potential markets are in place or emerging . Market‐based mechanisms include public payment or incentives ; self‐organized private payments , trading schemes , mitigation ( mitigation banking ; conservation banking ) and investments andoffsets . Market based approaches are part of the solution to the need to value and conserve important public benefits thatrangeland landscapes provide .
The Sustainable Rangeland Roundtable (SRR)There are ４ Sustainable Roundtables functioning within the US . They include :
瞯 　 Sustainable Forest Roundtable
瞯 　 Sustainable Rangeland Roundtable
瞯 　 Sustainable Minerals Roundtable
瞯 　 Sustainable Water Roundtable
The Sustainable Rangelands Roundtable is a grass‐roots effort that has promoted social , ecological , and economic sustainabilityof U .S . rangelands . It urges associated resource assessments based upon periodic inventory and monitoring of SRR criteria andindicators . Criteria are explicit goals of sustainable management , but are too general to monitor directly . Each criterion ischaracterized by measurable indicators to demonstrate trends over time .
SRR ＝ s standardized monitoring and reporting framework provides a model for comprehensive national rangeland datacollection . Consistent inventory and monitoring information may enable governments , agencies , and people on the land to moreaccurately assess effects of conservation programs , uses , and management actions which ultimately can inform decision makerson the sustainable use of rangelands . Better information can improve the delivery of effective , efficient land managementactions , allocations , and conservation programs that advise and assist landowners . Comprehensive rangeland informationconsistently collected coast to coast and border to border , will benefit everyone . Potential outcomes include improvedcoordination and cooperation among agencies and organizations , improved use of scarce resources , and enhanced resourceallocations for rangeland management and science . However , to be effective , SRR indicators must first be universally adoptedand used to track trends in rangeland resources , economics and communities on a global scale to realize their full utility .
SRR�s First A p p rox imation Report on Criteria and Indicators f or Sustainable Rangelands described a method for assessingrangeland sustainability and represents a milestone in collaborative development of significant rangeland metrics . While datacurrently is gathered for many of the indicators , it is not consistently collected , analyzed , and reported across organizations orefforts . This first approximation report offers a discussion of sustainable development in relation to rangelands and the SRR
process . A subsequent Progress Report identifies ２７ core indicators , and discusses data status and needs . Additionalinformation about the Sustainable Rangelands Roundtable is available at http :/ / SustainableRangelands .cnr .colostate .edu .
Core indicators
I . Conservation and maintenance of soil and water resources

Soil‐based
瞯 　 Area and percent of range‐land soils with significantly diminished organic matter and/or high Carbon :Nitrogen ( C :N )ratio .
瞯 　 Area and percent of rangeland with a significant change in extent of bare ground .
瞯 　 Area and percent of rangeland with accelerated soil erosion by water or wind .
W ater‐based
瞯 　 Percent of water bodies in rangeland areas with significant changes in natural biotic assemblage composition .
瞯 　 Percent of surface water on rangeland areas with significant deterioration of their chemical , physical , and biological
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properties from acceptable levels .
瞯 　 Changes in the frequency and duration of surface no flow periods in rangeland streams .
II . Maintenance and conservation of plant and animal resources on rangelands

瞯 　 Rangeland area by plant community .
瞯 　 Fragmentation of rangeland and rangeland plant communities .
瞯 　 Extent and condition of riparian systems .
瞯 　 Area of infestation and presence/ absence of invasive and other non‐native plant species of concern .
瞯 　 Population status and geographic range of rangeland dependent species .
III . Maintenance of productive capacity on rangelands

瞯 　 Rangeland aboveground phytomass .
瞯 　 Number of domestic livestock on rangeland .
IV . Maintenance and Enhancement of Multiple Economic and Social Benefits to Current and Future Generations

瞯 　 Value of forage harvested from rangeland by livestock .
瞯 　 Rate of return on investment for range livestock enterprises .
瞯 　 Number of conservation easements purchased .
瞯 　 Index of social structure quality .
瞯 　 Sources of income and level of dependence on livestock production for household income .
瞯 　 Employment diversity .
瞯 　 Value produced by agriculture and recreation industries as percent of total .
瞯 　 Employment , unemployment , underemployment , and discouraged workers by industrial sector .
瞯 　 Land tenure , land use , and ownership patterns by size classes .
瞯 　 Population pyramid and population change .
V . Legal , institutional and economic framework for rangeland conservation and sustainable management

瞯 　 Professional Education and Technical Assistance . Extent to which laws , regulations , and guidelines , institutions , andorganizations provide for professional education and the distribution of technical information and financial .
瞯 　 Land Management . Extent to which land management programs and practices support the conservation and sustainablemanagement of rangelands .
瞯 　 Measuring and Monitoring . Extent to which agencies , institutions and organizations devote resources to measuring andmonitoring changes in the condition of rangelands .
瞯 　 Research and Development . Nature and extent of research and development programs that affect the conservation andsustainable management of rangelands .
Sustainability‐the SRR conceptual model for Ecological , Economic and Social Components Proposal for integrated Rangeland
Sustainability Modeling

Integrated research and resource management offers rich opportunities for additional exploration and elucidation . TheSustainable Rangelands Roundtable ( SRR) has developed a conceptual model showing information flows through the model ＝ smultiple tiers . Ecological systems and processes , including reproduction , grow th , death , decomposition , succession ,migration , adaptation , water cycles , nutrient cycles , carbon cycles , stage the biological interactions underlying forest andrangeland ecosystem viability . Social and economic infrastructures and processes , including demand , investment , depreciation ,management , social regulation , production , consumption , social interaction , institutional processes , characterize rangeland useand management , as well as the context in which rangelands improve or decline . These systems and processes intertwine andfeedback , altering natural and human capital and conditions over time . The Sustainable Rangelands Roundtable ( SRR) hasdeveloped an integrated conceptual framework to capture complex relationships among ecological and natural resource
processes , and intricate interactions with social and economic processes , capacities , and capitals .
Criteria and Indicator monitoring in the US ( Pilot Project) The Forest Service , along with other federal agencies such as theBureau of Land Management and the Natural Resource Conservation Service , informed by the Sustainable RangelandsRoundtable , have begun a prototype for a national survey of rangelands utilizing the SRR criteria and indicator model forassessing and monitoring sustainability of US rangelands . The Sustainable Rangeland Roundtable , a broad consortium ofinterests working at the grass roots level , has identified ５ criteria and ２３ indicators applicable to monitor the ecological , socialand economic sustainability of rangelands . Indicators are intended to provide measures of key variables that will inform andfacilitate monitoring and periodic assessment of the condition and functioning of rangeland ecosystems over time . Because
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human actions and influences can affect the extent and condition of rangelands , it is important to monitor human use ofrangelands and the human influences on rangeland condition . Such uses and influences are , in turn , driven by underlying socialand economic conditions and processes . Monitoring those driving conditions and processes will allow decision makers insightinto how and why impacts on rangelands occur , and allow the possibility of proactive management to prevent or mitigaterangeland degradation or to enhance rangeland health and sustainability . It is also important to understand how changes inrangeland ecosystems affect the well being of communities that depend on them .
To date we have utilized several ecological and social economic indicators in a pilot project in Eastern Oregon in a proof ofconcept exercise and a prototype of future surveys . The pilot project is an important first step characterized by the following :

Figure 1 Tier 1 Rangeland Sustainability Ev aluation Framework .

Figure 2 T ier 2 Framework‐Rangeland Examp le .
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Three federal agencies ( FS , NRCS , and BLM ) are collaborating to expand the FS FIA grid and the NRCS NRI grid into allrangelands utilizing criteria and indicator monitoring .
C& I from SRR informed the selection of ５ indicators : invasive spp . ; bare ground ; vegetation composition ; change in use/condition ; and fragmentation .
Simultaneously , a Land Grant University group is evaluating social and economic indicators from SRR in same area .If successful , the characterization of rangelands could be done on a national scale ; providing the ability to monitor indicators ofsustainability and change ; putting science in a position with professional opinion and personal judgment .
Proposed Project We believe there is a critical need to establish C& I monitoring system at national and global scale . Ourexperience with SRR could provide a model to launch an international dialogue and the eventual development of C& I monitoringat the global scale . Some basic questions for consideration include : How to quantify , measure , and monitor ecosystem services ;what is the responsiveness of indicators to track long‐term changes in grassland ecosystem sustainability , and can we design acooperative to compare the values of ecosystem services on grasslands across the globe ?
This symposium , associated with the combined IRC / IGC , could lead to the adoption of a set of indicators that monitorgrasslands on a global basis . This would be similar to the Montreal Protocol developed for temperate forests . It would providea basis for stakeholder dialogue at local , regional , and national scales and expanded understanding of grassland resources andtheir contribution to social , economic , and ecological sustainability .
The development of international C& I monitoring would help answer some important questions about the appropriate use and
potential success of sustainability monitoring linked to sustainable market based approaches in achieving our conservation goals .We anticipate that the set of key indicators of grassland ecosystem sustainability will be the same for similar grasslandecosystems in countries across the globe .
We propose a cooperative project to leverage support for grassland monitoring . Along with the modeling , assessment andvaluation of indicators to determine trends in resource condition , management , and the economic and social values derived from
grasslands and associated ecosystem services . What will come from the proposed project includes :
瞯 　 An agreed upon framework for data collection and periodic standardized reporting to more clearly depict resourcemanagement performance and to minimize duplication in reporting standards .
瞯 　 Common assessment capabilities at multiple scales among a wide range of users , permitting local , regional , and nationalcomparisons , as well as use by the international community .
瞯 　 Increased likelihood of obtaining complete coverage of key attributes to monitor due to the collaborative nature of thisendeavor .
瞯 　 Future research by agencies , universities , and organizations can be focused on developing methods to address data gaps andresearch needs associated with criteria and indicators to improve grassland management .
瞯 　 Enhanced agency performance planning and prioritization of funding for at‐risk grasslands and those associated with theland .
瞯 　 Monitoring efforts directed to sites identified by indicators as being important .
瞯 　 Identification and valuation of unique grassland goods and services for improved management and decision‐making .
Conclusion Rangelands/ grasslands are the largest single land type in the U .S . and on a global basis . Yet we don摧t have acommon way to evaluate the sustainability of this important resource . We have the opportunity to change this . But , we willonly find success when it is recognized that :Social , Economic and Environmental indicators are all necessary to assess grassland sustainability .
瞯 　 Ecosystem Services are central when linking environmental , social , and economic indicators .
瞯 　 Common indicators exist for grassland sustainability at a global level .
瞯 　 Indicators of grassland ecosystem sustainability will be responsive to long‐term differences in natural resource capital ,social capacity and economic capital .
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Assessing the affect of distance from settlements on landscape function analysis indices in central
Mongolia
A ddison , J . Nyamtseren , M .
Institute o f Geoecology , Baruun Selbe‐15 , Ulaanbaatar‐211238 . Mongolia . E‐mail : j addison82 ＠ hotmail .com

Key words : grazing , landscape function analysis , Mongolia , distance to settlement , rangeland
Introduction Changes in grazing pressure in many rangeland areas of Mongolia has resulted in increased stocking rates aroundsettlements and the decreased number of functional water points ( Fernandez‐Gimenez , １９９９ ) . Despite these changes , there isvery little published research regarding the impact of such shif ts in grazing pressure on rangeland functionality . This paperdescribes the use of the Landscape Function Analysis ( LFA ) ( Tongway & Hindley , ２００４ ) rangeland monitoring method toassess landscape health in reference to distance from settlements .
Materials and methods In September , ２００７ , six rangeland sites were selected and georeferenced along a ２００km transect betweentwo glacial‐derived valleys and an associated saddle connecting Bayonkhongor and Tsetserleg . These towns have an annualaverage rainfall of １９９ .４ and ３１３ .２mm respectively . Sites were mid‐slope , native perennial grasslands ( steppe to mountainsteppe) １００‐２００m from available livestock water . At each site , two transects of ５m were positioned upslope and assessed usingLFA , a method measuring soil and vegetation parameters that sum to give indices of nutrient cycling , infiltration and soilstability . These indices can then be tracked over time , or compared to an associated analogue , to identify trends in�rangelandfunctionality摧 ( Tongway & Hindley , ２００４ ) . LFA indices , including basal cover , soil tex ture , litter cover and the presence ofcryptogams , were entered into a LFA pro forma spreadsheet then correlated with distance from the nearest settlement usingregression analysis .
Results and discussion None of the three LFA indices were significantly correlated with distance from settlement ( Table １ ) ,suggesting that distance from settlement does not have a significant affect on LFA measures of rangeland functionality . Otherindicators that relied more heavily on patch size/ length were significantly correlated , however . This suggests that either soilstability , infiltration and nutrient cycling may not be as dependent on patch size in this area of Mongolia or that this landscapemay be more resilient to high levels of grazing pressure , as reflected in patch size , than assumed by LFA . Increasing samplesize and grazing utilization assessment at the sites would benefit future research .
Table 1 Regression analysis on correlations between distance f rom nearest town and the f ollow ing L FA variables .

Patch/ interpatch measures of rangeland health

Interpatch Length NS
Maximum Interpatch Length NS
Patch Area Index 倡倡

Landscape Organisation Index 倡倡

Total Patch Area 倡

LFA indices
Stability NS
Nutrient Cycling NS
Infiltration NS

NS ＝ not significant . 倡 ＝ significant at ０ .１０ .倡倡 ＝ significant at ０ .０５ . See Tongway & Hindley ( ２００４ ) fo r further explanation of LFA
variables .
ReferencesFernandez‐Gimenez , M . , ( １９９９ ) . Sustaining the steppes : a Geographical history of pastoral land‐use in Mongolia . TheGeographical Review ８９ .Tongway , D . , Hindley , N . ( ２００４) . Landscape function analysis : procedures for monitoring and assessing landscapes . CSIROSustainable Ecosystems , Brisbane .
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A monitoring system to aid decision making in grassland management in arid areas of China
L iu Zhongling1 , A drian W illiams2 and H ao Dunyuan3

1 Institute o f Nature Resource , University o f Inner Mongolia , Hohhot , Inner Mongolia .2 Pendragon Dry land Management
Serv ices , B ridgetown , WA , A ustralia . E‐mail : adrianrw1＠ yahoo .com .au3 Department o f Mathematics , University o f
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Introduction In ２００４ a grassland monitoring system was devised and established in sub‐project areas of the Alxa LeagueEnvironmental Rehabilitation and Management Project ( ALERMP ) , Inner Mongolia‐a project funded by AusAID , andmanaged by Cardno Acil . The aim of the system was to better inform managers of the effects of grazing management decisions .The objectives of the monitoring system were to provide : (１ ) precision in biomass and soil cover estimates , (２ ) an assessmentof the dynamic changes occurring within grassland and their causes , and (３) an assessment of soil changes .
Materials and methods Site selection in September ２００４ followed the usual search for �representativeness摧 within the chosengrassland type . Two ５０m tapes were laid out on the chosen site such that they crossed at right angles at their centres . One waslaid across the slope while the other lay up and down slope . Vegetation patch types ( shrub , grass , bare soil) were measuredand recorded along each ５０m transect , from which cover％ was calculated . The transects were utilised for Landscape FunctionAnalysis after the method of Tongway ( ２００３ ) . The second part of the site layout was a １０m x １０m square whose right top( north east) corner coincides with the intersection of the ５０m transects . Two parallel transects １０m x ２m were located withinthe １０m square . A measuring tape was laid along the １０m midline of each of these transect . Using the beginning of the tape (０ .
００m) as a reference , the location of every shrub within each １０m transect was recorded , along with its species name , plantheight and two plant widths taken at right angles . Plant location was recorded as distance along the tape and distance offsetfrom the tape right or lef t . Grass plants were recorded where they fell immediately under the measuring tape . The ends of alltransects were permanently marked . At subsequent annual monitoring , the transects and individual plants were exactlyrelocated . The Alxa sites included １１ pairs of fenced and unfenced ( grazed ) sites . Biomass was measured by destructivesampling ( quadrats for grasses or representative plants for shrub species) , and related to the plant densities on the central １０mx １０m site . Exact relocation of sites allowed measurements of individual plant grow th , deaths and recruitment . Sites wererecorded in September in ２００４ , ２００５ and ２００６ .
Results and discussion Concentrating on the ５ pairs of fenced and unfenced sites in Right Banner , seasonal conditions ２００４‐２００６were found to affect the rate of overall plant recruitment ( p ＜ ０畅０１) , plant deaths ( p ＜ ０畅０５) , and edible biomass changes ( p ＜
０ .０５) . Within the monitoring period , plant recruitment , plant deaths , biomass changes ２００４‐２００５ and soil cover in ２００６ werenot significantly affected by grazing . Grazing ２００４‐２００５ was noted to affect the sum of the volumes ( Height x Width x Width)of certain plant species within transects , particularly Reaumuria soongorica , Potaninia mongolica and Caragana stenophy lla ,but did not appear to affect the sum of the plant volumes of the grasses Stip a glareosa or Cleistogenes soongorica . Grazing hada marginally significant effect on biomass changes ２００５‐２００６ ( p ＝ ０ .０８) .
Conclusions The system described makes possible an understanding of grassland dynamics and the causes of change . Such asystem would be a useful tool in assessing and promoting wise and sustainable grassland use . It would be an aid to studying
grassland rehabilitation , and assessing when and at what intensity grassland could be re‐opened following a grazing ban .
ReferenceTongway , D .J . , (２００３ ) . Reading the landscape : a training course in monitoring rangelands by landscape function analysis .

CS IRO , Canberra .
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�Trigger points�— decision tools to mitigate seasonal climate risk in western New South Wales ,
Australia
Y . A lemseged , R .B . H acker , W .J . Smith
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Introduction Making management decisions that involve taking a chance on future climatic conditions is always difficultespecially when rainfall is not strongly seasonal , as in western NSW . Assessment of the relationship between seasonal climateindicators ( SOI and SST ) and pasture grow th strongly suggested that the SOI phase system can provide useful pasture grow thoutlooks in the winter‐spring period ( Hacker et al . ２００６) . However , this capacity does not exist during the critical summer‐autumn season . During this period , having a rule of thumb about how long de‐stocking decisions can reasonably be delayed inthe hope that the season may improve should assist with these difficult decisions . This paper encapsulates the idea of �rules ofthumb摧 in the form of �trigger points摧 for stocking decisions . T rigger points are times of the year‐calendar dates‐when theprospects for future pasture grow th , based on the long‐term record , are high or low and beyond which decisions that depend onfuture pasture grow th should not be delayed .
Materials and methods A pasture grow th model , WinGRASP , based on Littleboy and McKeon ( １９９７ ) , was used to calculatedaily pasture grow th from long‐term ( ＞ １００ years ) daily environmental and meteorological data for several locations . Dailygrow th data were then summarised to produce a �grow th potential index�, derived from the area under the cumulativeprobability distribution , and �critical percentiles�‐２０th , ５０th and ８０

th percentile values for the historical data set‐for three‐monthly periods commencing at fortnightly interval throughout the year .
Results Their interpretation for one of the ２７ locations analysed are shown in Figure １ . Defining trigger points from the grow thpotential index is straight forward as the highest and lowest values are easily identified . Defining trigger points using criticalpercentiles includes information on the historical variability of pasture grow th at each starting date which may lead to someadjustment of the trigger points that would otherwise be identified from the ５０

th percentile or grow th index values alone .Significantly , the time of peak pasture grow th coincides with the time when the skill of seasonal climate outlooks also reaches amaximum ( winter / spring ) in the region . At these times , it should be possible to use both the trigger point date and theseasonal grow th outlook based on the SOI phase to help with stocking decisions .

Figure 1 Results and interp retation o f trigger point analysis f or a location in western NSW .

ReferencesHacker RB , Alemseged Y , Carberry PM , Browne RH , Smith WJ ( ２００６) . Betting on Rain‐Managing Seasonal Risk in westernNew South Wales . ( NSW DPI : Orange) .Littleboy M , McKeon GM ( １９９７ ) . Subroutine GRASP : Grass production model ; Documentation of the Marcoola version ofSubroutine GRASP . Appendix ２ of �Evaluating the risks of pasture and land degradation in native pasture in Queensland�.Final Project Report for Rural Industries Research and Development Corporation , project DAQ１２４A . Queensland
Department o f Primary Industries : B risbane .
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Case studies in developing rangeland sustainability indicators : scale matters
B .H . A llen‐Diaz 1 , L . H untsinger 2 , J .W . Bartolome2 , and L .D . Ford3

1 University o f Cali f ornia , O f f ice o f the President , 1111 Franklin St . , Oakland CA 94607 , Barbara . E‐mail : allen‐diaz
＠ ucop .edu ; 2 Env ironmental Science , Policy , and Management , 137 Mul f ord H all MC 3110 , University o f Cali f ornia ,
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9253 , E‐mail : f ordld＠ sbcglobal .net .

Key words : sustainability indicators , scale , integrity , health
Introduction Several new monitoring systems that rely on �ecosystem sustainability indicators" are being developed and used inCalifornia . Indicators ideally are ecosystem attributes that can be measured over time to determine whether specific management
goals and objectives are being achieved . We argue that attempting to apply one set of indicators to all cases repeats a longhistory of inappropriate generalization of ecological science . Instead , a tool box of broadly accepted indicators from whichmanagers can select to meet specific needs better recognizes diverse ecological , social , and political contexts ( Harris and Hobbs
２００１) . To be practical , indicators must fit the situation‐‐in particular local capacity for consistent application , address theimportant questions ( Ford and Huntsinger ２００７ ) , and provide meaningful data . Indicators should be based on what we knowabout how systems work , and should be dynamic as more data is collected and interpreted and understanding of systemstructure and function increases . One of the primary purposes of indicators is to challenge assumptions and identify knowledge
gaps , replacing them with more reliable , data‐driven information .
Goals for indicator monitoring systems often include terms such as sustainability , productivity , integrity , and health . Theseinter‐related terms should be defined ( sensu Battles ( pers .comm) and Harris and Hobbs ２００１ ) as demonstrations or tests ofrangeland ecosystem :
瞯 productive capacity
瞯 desired biological community composition and structure
瞯 ability to recover from stress ( chronic and cumulative in its effect , e .g . heavy grazing ) and from disturbance ( sudden andoften severe effect)
瞯 production of economic , social , and aesthetic benefits to the owner , manager , and local communities , in order to maintaineconomic and social viability .
Methods We use case study analysis of three indicator development projects to discuss how indicators , to be effective , need tobe scale‐sensitive , temporally as well as spatially .
Results and discussion The first case study is a grassroots effort by ranchers on California摧s central coast to develop an indicatorsystem with currency among the ranching community , ecological scientists , agency managers , and the public . A second case isCalifornia摧s statewide assessment of rangeland conditions and sustainability , conducted at the level of the state government andfor the state legislature . A final case is the well‐known Montreal Process , and the five criteria and ２８ indicators developed as
part of that process . For each of these initiatives , we examine the indicators in the light of their applicability at particularscales , their commonalities and differences , and issues of application and implementation . We will discuss criteria forappropriate selection of indicators for particular situations , and issues of application and relevance .
Conclusions We return to the underlying foundation of our understanding of basic factors driving rangeland ecosystems , and thelink to sustainability indicators . Models of ecosystem function , for example , should be evaluated for their repeatability overtime and space to determine whether they are generalizable or idiosyncratic , and based on experimentation should be explicitlylinked to spatial and temporal scales and the identification and potential revision of indicators . Indicators , therefore , to beuseful , must be explicitly tied to a spatial scale . A critical consideration is that processes that occur at one level of a system maynot be indicative of dynamics at higher or lower levels ( Allen and Starr １９８２) .
ReferencesAllen , T .F .H . and T .B . Starr . ( １９８２ ) . Hierarchy : Perspectives for Ecological Complexity . University o f Chicago Press ,Chicago , IL .Battles , J . personal communication , January ９ , ２００７ . Pro f essor o f Forest Ecology , Univ . Ca . Berkeley .Ford , L . and L . Huntsinger . (２００７) . Final report and results of indicator testing for the Central Coast Rangelands Coalition .

USDA Natural Resource Conserv ation Serv ice Cooperative A greement ＃ ６５‐９１０４‐５‐５３０ . ３１ pp .Harris , J .A . and R .J . Hobbs . ( ２００１ ) . Clinical practice for ecosystem health : the role of ecological restoration . Ecosystem
Health ７ :１９５‐２０２ .
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Forage production estimate of incienso ( Flourensia thuri fera (Mol .) DC .) , repanda (Atriplex
repanda Phil .) and numularia ( Atriplex nummularia Lindl .) according to shrub size and
annual rainfall
P . Azócar 1 , A . Mansilla1 , D . Patón2 , D . T roncoso1
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Introduction The range lands of central‐north semiarid zone of Chile is dominated by shrubs which contribute with fresh forageduring critical times of the year when herbaceous species become dry due to seasonality . Shrubs also ensure soil and waterconservation and give animals shelter and shadow , so it should be strategically used promoting its conservation . In order to
program range managements , it is fundamental to estimate the dry matter production . Direct cutting measurements , althoughprecise , are low effective , time consuming and expensive and therefore indirect methods , using multiple variables regressions ,might be more useful (Azócar et al . , ２００４ ) . The objective of this study was to estimate forage production of three shrubsspecies , using plant size parameters and annual rainfall .
Materials and methods Data was obtained from experimental field �Las Cardas" , located ３０°１４摧 south and ７１°１９摧 west . Climateis Mediterranean arid , varying with a maximum and minimum monthly mean temperature of ２６ ℃ and ５ ℃ in January and July ,respectively . Average annual rainfall is １４４ mm concentrated between June and August . Vegetation is dominated by scrublandspecies as Gutier rez ia resinosa , Flourensia thuri f era and planted A trip lex spp . , coexisting with A cacia caven and L ithraea
caustica trees and with an herbaceous stratum dominated by therophytes .
In August or September , available forage dry matter ( g DM shrub‐１ ) of Flourensia thuri f era , A trip lex repanda and A trip lex
nummularia was measured , along １９７８ to ２００４ , registering annual rainfall the year of cutting ( R , in mm) and of the previous
year ( Rp , in mm) . Height ( h , in cm) , major diameter ( M , in cm) , minor diameter ( m , in cm) and plant density (D , plantsha‐１ ) of at least ２５０ shrubs of each species was measured , to calculate volume ( V ) as V ＝ ( M m π h) / １２ and area ( A ) as A
＝ ( M m π) / ４ , grouping the plants as small , intermediate or large . A multiple stepwise regression analysis was applied to fitthe best curve between real DM , shrub size and annual rainfall .
Results and discussion The shrub size measurements and the annual rainfall gave a good estimate of the real DM production forthe three shrubs species , adjusting regressions with high coefficients of determination ( Table １ ) . Precision of models decreasedunder higher rainfall conditions and larger shrub size , especially in A . nummularia .
Table 1 Real and estimated ( Est .) dry matter p roduction ( g DM shrub‐１ ) o f F . thurifera , A . repanda and A . nummularia
according to median annual rain f all (R) and shrub siz e , show ing the best regression ad j usted .

F . thuri f e ra A . rep anda A . nummularia
Median R ＜ １２０ mm ＞ １２０ mm ＜ １２０ mm ＞ １２０ mm ＜ １２０ mm ＞ １２０ mm

Dry matter production ( g DM shrub‐１ )
Real Est . Real Est . Real Est . Real Est . Real Est . Real Est .

Shrub siz e
Small ４  .２ ３ 帋.５ １０  .３ ９ 唵.２ １８３  .７ １３５ }.９ １４８ �.０ １６５ u.８ ７１ 痧.２ ６０ l.６ １０５ 梃.２ ９２ d.８
Intermediate ２４  .７ ２９ 帋.９ ４９  .８ ４６ 唵.１ ５４０  .３ ６４６ }.１ ８９７ �.４ １ ,０３２ u.３ ３１２ 痧.９ ３２６ l.８ ４８５ 梃.５ ４５８ d.４
Large １２６  .５ １３３ 帋.２ １５５  .３ １３７ 唵.９ ６５５  .０ ６８２ }.７ １ ,５６４ �.３ １ ,４８３ u.６ ４７４ 痧.８ ５８１ l.４ １ ,６７６ 梃.０ １ ,５６５ d.０
Regression ln( DM ) ＝ ‐４ 葺栽畅 ６８ ＋ １ 貂畅８２ ln ( Rp )‐０ �畅２６８ ( ln

( Rp ) ２ ＋ ０ 憫畅 ２７７ ln ( V ) ＋ ０ 刎畅０５５ ln ( V ) ln
( Rp )
( R２

＝ ８６％ )

DM ＝ ９４２ wn畅１２８ A‐０ 槝畅１３８ D A ＋ ０ p畅００９８Rp ２‐
２ [畅１２２Rp‐０ 厖畅５７２Rp A
( R２

＝ ９６％ )

ln( DM ) ＝ ２５ 噜鬃畅６ ＋ ０ 苘畅６１９ ln ( V )‐１１ 栽畅８３ ln
( R ) ＋ １ T畅６４ ln ( R ) ２ ＋ ３ \畅７５ ln ( Rp )‐０  畅８４６

ln( R) ln( Rp )
( R２

＝ ８４％ )

Conclusions The proposed models to estimate available forage from F . thuri f era , A . repanda and A . nummularia by shrubsize and previous year annual rainfall , are reliable and easy to apply , simplifying the need of direct cut measurements for foragebudgeting . Further research on this technique should be carried out in other shrub species .
ReferenceAzócar ,P . ;Mansilla ,A . ;Patón ,D . ;Torres ,C . y Santibáň ez ,F . (２００４ ) . Estimación de la producción de forraje delincienso ( Flourensia thuri f era ( Mol .)D .C .)según tamaňo del arbusto y precipitación anual . Avances en ProducciónAnimal . N°２９ (１ y ２ ) : ２９‐３７ .
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Natural and cultural resources , qualities of the products and local development in rangeland and
grassland areas in France : animal products in the �PDO system"
C . Béranger , J . Bonnemaire
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Key words : Protected Designation of Origin ( PDO) , terroir , livestock farming , food quality , France
The development of livestock farming in mountain , rangeland or less‐favoured grassland areas of France is often related toacknowledged signs of quality , especially �Origin Labelled Products" ( OLP) that have proved to be powerful vehicles for thecreation of local added value for livestock products . The best known of these signs is the A p pellation d摧Origine Contr蹦lée( AOC) , a French creation from the early ２０th century which was subsequently extended Europe‐wide in １９９２ ( EC Regulation
２０８１ /９２ ) under the name �Protected Designation of Origin" ( PDO ) . PDOs guarantee the typicality of products the specificqualities of which is due to the terroir . According to INRA‐INAO ,�Terroirs et Cultures" and UNESCO (２００５) ,�a ter roir isa delimited geographic area defined by a human community which develops all along its history a set of distinctive traits , know‐how and practices based on a system of interactions between the natural environment and human factors . The skills andknowledges express originality , confer typicality and allow the recognition of the products or services originating from this
particular area and therefore of the people who inhabit it . Terroirs are living and innovative spaces that cannot be associatedsolely with tradition" . At present , nearly ４０ French PDO dairy products ( mainly cheeses) involve ４０ ,０００ cattle , ewe and goatdairy farms representing １５％ of the national dairy production of which ８０％ comes from moutain areas . There are only ３ PDObeef meats , １ PDO lamb meat and ２ PDO poultry types in France ( Casabianca et al .) . Several other PDO projects are in
progress . There is a second type of OLP in the context of EC Regulation ２０８１ /９２ : the �Protected Geographic Indication"( PGI) , that means less specification constraints than with PDO ; about ７０ PGI products are registered in France .
Since １９９４ , in partnership with INAO ( National Institute for PDOs) , interdisciplinary research actions have been engaged onthe technological and cultural foundations of elaboration of these origin labelled products , and to highlight the links betweenfood products and territories in order to better differentiate and qualify them ( Montel et al . , ２００５) . The aim is to promote andconsolidate agro‐food systems that are based on quality products linked to a locality and which can therefore not be delocalizedsince they are tied to the valorisation of bio‐ecological resources ( local breeds , grasslands) and immaterial resources ( history ,skills and know‐how , cultural aspects) localized into a given environment on the basis of a quality recognizable by its ties to a
geographic origin . Raw matter can be imported ; a cattle breed can be imported ; a technique can be reproduced ; but a terroircannot be copied ! The objective is to promote activity locally , added value and diversification of products which will maintainthe economic and cultural development of the identified areas . This added value and benefit is shared among the stakeholdersthat participate in the elaboration of this product . Public acknowledgement , protection of the name and characteristics of these
products are ensured by the State through INAO in order to avoid imitations and misuse of the notoriety of the name of origin ofthe product .
These studies have shown the real influence of physical environments and production systems combined with processingtechnologies embedded in local culture on a range of specificities of the animal products ( sensorial and nutritional qualities ,image . . .) ( Montel et al ,２００５ ;Béranger et al . ,２００５) . Thus cheese and meat qualities have been linked to grassland flora , toanimal breed , its age and its grow th curve , to feeding and herd management , to processes , to the diversity of microbialecosystems of environment , . . . New links were found between some components of grass , or milk , or microbial ecosystemsand the sensorial characteristics of the finished cheese or meat product . Analyses of skills and knowledges thus contribute to thetracing of original characteristics all along the production‐processing chain . In ２００７ , UNESCO has acknowledged this terroirapproach and plans to set up an international action‐research network for the compared analysis of different �developmentitineraries" of terroirs , in order to better promote this approach that is able to make , in a sense , livestock breeders becomeartists like merchants selling dreams .
ReferencesAssociation Terroirs et Cultures / Unesco , (２００５ ) . Charte des terroirs ; F ３４８７５‐Lattes .Béranger C . ,Casabianca F . ,Fontguyon F . de ,Micol D . ,Trif t N . ,(２００５) .L摧élaboration des viandes bovines d摧origine et deleurs filières . In :Béranger C . ,Sylvander B . ,(Eds). Produits agricoles et alimentaires d摧origine enjeux et acquisscientifiques : Colloque international INRA‐INAO , Paris , １７‐１８ nov . ２００５ ; Paris , INRA Ed .Casabianca F . , T rif t N et Sylvander B . , (２００５) . Qualification of the origin of beef meat in Europe — Analysis of socio‐technicaldeterminants based on French practices . In : Indicators o f milk and bee f quality , Hocquette & Gigli ( eds ) , EAAPPublication n° １１２ : ２７７‐２９７ .Montel M .C . ,Béranger C . ,Bonnemaire J . (Eds),(２００５ ) . Les fermentations au service des produits du terroir (The
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Development of resilience‐based state‐and‐transition models
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Introduction The objective of this paper is to recommend the incorporation of additional resilience concepts into the state‐and‐transition model ( STM ) framework . Ecological resilience describes the amount of change or disruption that is required totransform a system from being maintained by one set of mutually reinforcing processes and structures to a different set of
processes and structures ( e .g . , an alternative stable state) . In the light of this concept , effective ecosystem management mustfocus on the adoption of management practices and policies that maintain or enhance ecological resilience to prevent stable statesfrom exceeding thresholds . Therefore , resilience‐based management does not exclusively focus on identifying thresholds per se ,but rather on within‐state dynamics that influence state vulnerability or proximity to thresholds .
Methods and materials The concepts reported in this paper were partially developed at a State‐and‐T ransition Ecological Theoryworkshop sponsored by USDA‐NRCS on the campus of Oregon State University , August ２００６ . Academics and managersconvened to identify and summarize the most important advances and necessary requirements for STM to more effectivelydescribe ecosystem dynamics .
Results and discussion The assessment of state resilience requires the development of recognizable indicators to identify whenstates are approaching thresholds as well as how far states have moved beyond thresholds when they have been crossed( Stringham et al . ２００３ ) . In an effort to incorporate resilience‐based concepts in the STM framework , we recommend thattriggers , at‐risk community phases , feedback mechanisms , and restoration pathways be incorporated for each thresholdseparating individual states , including process‐specific indicators to identify at‐risk plant communities and potential restoration
pathways . T riggers describe biotic or abiotic variables or events that initiate threshold‐related processes by contributing to theimmediate loss of ecosystem resilience . Selection of at‐risk communities requires identification of community phases known orassumed to have the least ecological resilience within a state and that immediately precede shif ts to alternative states . Indicatorsof positive and negative feedbacks , contributing to either decreasing or increasing state resilience , respectively , can be inferredfrom altered patterns and processes within individual states . Patterns and processes associated with negative feedbacks inalternative states can be used to develop indicators of the resilience attained by these states af ter thresholds have beensurpassed . Restoration pathways can be assessed with indicators that identify the residual properties of former states thatcontinue to exist within alternative states af ter thresholds have been crossed . Community phases within alternative states thathave developed the least resilience ( e .g . , fewest negative feedbacks) and possess the greatest proportion of residual propertiesof the former state are the most likely candidates from which to initiate restoration pathways (Bestelmeyer ２００６ ; Briske et al .
２００６) .
Conclusions The incorporation of resilience‐based concepts into the STM framework will promote adaptive management byemphasizing indicators of state resilience in addition to indicators of pending thresholds and it will identify additional variables tobetter inform ecosystem managers of risk and restoration options .
ReferencesBestelmeyer , B .T . , (２００６) . Threshold concepts and their use in rangeland management and restoration : the good , the bad ,and the insidious . Restoration Ecology １４ , ３２５‐３２９ .Briske , D .D . , Fuhlendorf , S .D . and Smeins , F .E . , ( ２００６ ) . A unified framework for assessment and application ofecological thresholds . Rangeland Ecology and Management ５９ , ２２５‐２３６ .Stringham , T .K . , Krueger ,W .C . and Shaver , P .L . , ( ２００３) . State and transition modeling : an ecological process approach .

Journal o f Range Management ５６ , １０６‐１１３ .
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New approaches to measuring the functional value of biodiversity in plant communities
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　 　 Figure 1 Idealized relationship between diversity e f f ect (D )
and species richness . The solid line shows the average
diversity e f f ect over all species selections and the bars the
range o f dev iations f or p articular species selections .

Introduction The weight of evidence across a wide rangeof organisms points to a positive relationship betweendiversity and ecosystem function . The methods used toanalyse biodiversity experiments have been largely basedon ANOVA or graphical representation ( e .g . Figure １) .We propose a framework based on biologicallymeaningful coefficients that quantify the separatecontribution of each species and various interactionsamong species to the functional response . Recent work( Kirwan et al , ２００７ ) and preliminary analysis suggestthat diversity‐function ( DF) relationships can largely bedescribed in terms of the identity of species and low orderspecies interactions . The difficulties attending DFresearch are further compounded as the size of the species
pool from which communities can be assembledincreases . We propose a quantitative approach based on asmall number of biologically meaningful coefficients .
Materials and methods In general the functional response
( y) for a community of t species selected from a pool of sspecies can be characterised as the sum of five terms , y ＝
IDav ＋ IDp ＋ Dav ＋ Dp ＋ ε , where Average Identity effect ( IDav ) ＝ mean average monoculture effect over all s species andParticular identity effect ( IDp ) for the t species selected , Average diversity effect ( Dav ) ＝ Mean difference between responseand ID ( ＝ IDav ＋ IDp ) , averaged over all t‐species selections ( solid line Figure １ ) , Particular diversity effect ( Dp ) ＝ extradiversity effect due to the particular species selected ( Range bars Figure １) and Random error . The diversity effect is D ＝ Dav ＋

Dp .We used data of ２０６ experimental plots and １００ different plant assemblages of grassland species that varied in speciesrichness ( １ , ２ , ３ , ４ , ６ and ９ species , Roscher et al , (２００４) , data supplied courtesy of Dr Christiane Roscher , Max‐Planck‐Insitute for Biogeochemistry in Jena , Germany) to test our models .
Results and discussion We propose a range of models to quantify the terms in [ １ ] to provide a description of the functionalresponse . We fitted several of these models to the data . We estimated ５ coefficients for a simple version of the model ( allestimates in g m‐２ ) : IDav ( estimate of coefficient ３１２ ) , the standard deviation among monoculture yields ( ２１２ ) , Dav ( ９２６ ) ,the standard deviation of pairwise interaction coefficients ( ３８５ ) and the residual standard deviation ( １２３ ) . IDp and Dp arerelated to the first two standard deviations estimated . The model describes the data as well as the ９９ degrees of freedombetween all assemblages .
The model can be used to address a wide range of theoretical questions about diversity‐function relationships including :
瞯 Does the diversity effect saturate with increasing richness and is there a simple characterisation/ explanation of this effect ?
瞯 What is the relative importance of the average diversity effect , the sampling and selection effects in contributing to the DFrelationship ?
瞯 What is the relative importance of the identity and diversity effects ?
瞯 Is there evidence for transgressive overyielding ( do mixtures perform better than the best monoculture) ?In addition , the model is flexible enough to explore changes in DF relations through time and the effect of functional types andspecies traits .
ReferencesKirwan , L . , et al . , (２００７ ) . Evenness drives consistent diversity effects in intensive grassland systems across ２８ Europeansites . Journal o f Ecology ９５ , ５３０‐５３９ .Roscher C . et al . , (２００４) The role of biodiversity for element cycling and trophic interactions : an experimental approach in agrassland community . Basic and A p p lied Ecology ５ , １０７ .
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Fluorometry — an evolving methodology for range animal ecologists
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Introduction Fluorometry is an optically based tool for identifying pre and post‐digest plant material ( Anderson et al . , １９９８ ) .Though similar to near‐infrared reflectance spectroscopy ( NIRS ) , fluorometry offers a potentially superior capability fordiscriminating differences among plant materials because of its multidimensional characteristics . Research suggests thatemission data from the blue and green regions of the visible spectrum are rich in information necessary for determining chemicaldifferences among plant species . To date a neodymium : yttrium aluminum garnet ( Nd :YAG) laser , a Xenon‐arc lamp , andmost recently high intensity light emitting diodes ( LED摧s ) have successfully been used as the excitation light sources .Manipulating the solvent used to extract fluorophores can enhance the methodologies utility . Though organic solvents( chloroform in particular) extract plant fluorophores they also extract chlorophyll that emits in the red portion of the spectrum .The red fluorescence tends to mask fluorophores that appear most important in identifying plants , those in the blue and greenregions of the spectrum . Physiologically buffered saline ( PBS ) is currently the solvent of choice . It does not remove thechlorophyll and is environmentally benign . Furthermore by altering the pH of PBS different blue and green fluorophores can beextracted (Danielson , ２００６) . To date the exact fluorophores giving the spectral finger prints are unknown . However , this doesnot detract from the methodologies ability to discriminate among species , especially , when multi‐way principal componentanalysis ( MPCA) is used to tease apart the various spectra ( Obeidat et al . , ２００７) .
Material and methods Figures and tables will outline the development ( １９９６ through ２００７ ) of fluorometry as a range animalecology tool .
Results and discussion Emission spectra from peak count ( intensity ) ratios , the entire fluorescence data set using polynomialregression models , confidence interval plots , discriminate analysis , and ３‐dimensional plots of the entire fluorescence data setusing several solvents and multi‐way principal component analysis ( MPCA ) have been successful in differentiating amongspecies . A lightweight laptop activated multi‐source portable LED spectrofluorometer exhibits potential to acquire data in thefield .
Conclusions Fluorometery is an evolving rapid non‐invasive method range animal ecologists can use to determine botanicalcomposition of pre‐and post‐digested plant material for managing nutrition and health of free‐ranging animals .
ReferencesAnderson , D . M . , Fredrickson , E . L . , Nachmann , P . , Estell , R . E . , Havstad , K . M . , Murray , L . W . , (１９９８) . Laser‐induced fluorescence ( LIF) spectra of hervbaceous and woody pre‐and post‐digested plant material . A nimal Food Science

and Technology , ７０ , ３１５‐３３７ .Danielson , T . L . , Obeidat , S . , Rayson , G . D . , Anderson , D . M . , Fredrickson , E . L . , Estell , R . E . , ( ２００６ ) .Photoluminescent distinction among plant life forms using phosphate buffered saline extract solutions . A p p lied
S pectroscopy , ６０ , ８００‐８０７ .Obeidat , S . M . , Glasser , T . , Landau , S . Y . Anderson , D . M . , Rayson , G . D . , ( ２００７ ) . Application of multi‐way dataanalysis on excitation‐emission spectra for plant identification . Talanta , ７２ , ６８２‐６９０ .
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New approaches for coping with pastoral risk
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Introduction Pastoralists in East Africa face high and increasing exposure to risks , including limited access to grazing and waterdue to population pressure , insecurity , resource degradation , increasing climate variability , and lack of information aboutmarkets . In recognition that the traditional means of risk management‐‐mobility‐‐is much less available to pastoralists today ,the Global Livestock Collaborative Research Support Program ( GL‐CRSP ) has focuses on developing strategies to assistpastoralists in coping with risk . The approach is a three‐part strategy to : １ ) predict risk ; ２ ) better connect pastoralists tomarkets ; and ３) develop new capabilities to manage risk at the local level .
Materials and methods To predict risk the GL‐CRSP developed the Livestock Early Warning Systems ( LEWS ;http :/ / glews .tamu .edu/ africa) that provides spatial predictions of forage availability ６０‐９０ days out for most of Eastern Africa and is part ofthe FEWS network ( Kaitho et al . , ２００７) . To better connect pastoralists to markets the Livestock Information Network andKnowledge System ( LINKS ;http :/ / links .tamu .edu) project has developed a cell‐phone based market information system thatprovides public data on markets and collated data for national integrated market reporting . These projects created a suite oftechnologies that combine real‐time , spatial‐based forage and climate conditions with market information enabling pastoralistsand managers / policy makers to make informed management and marketing decisions . In Ethiopia this has been augmented withoutreach programs that have built market networks involving producers , trading associations , and livestock exporters (Desta etal . , ２００６) . To gain understanding of risk factors and how they are perceived , the Pastoral Risk Management on East AfricanRangelands project surveyed hundreds of pastoral households in northern Kenya and southern Ethiopia to document the sourcesand perceptions of risk through periods of boom and bust in the livestock cycle .
Results and discussion The LEWS team has developed a robust forage monitoring and livestock market information systemscovering all pastoral areas in Ethiopia , Kenya , Tanzania , Uganda , Djibouti and Somaliland . The two systems systematicallyand continuously collect and deliver timely information on forage supply and forecasts (６０‐９０ days) , and livestock market pricesand volume trends to stakeholders . This information is updated every １０ days with situation reports and maps distributed viaWorldSpace radios , email , internet and newsletters , impacting over ４００ organizations and ６００ decision makers in the region .Working closely with pastoral community groups dominated by women , the PARIMA team is assisting groups in problemsolving and approaches to livelihood diversification . In southern Ethiopia , ５９ collective action groups have been trained ,involving over ２ ,０００ members . These legally recognized savings and credit cooperatives have sustained themselves and createdassets . Over ４ ,５００ micro‐credit loans exceeding ＄ ５５９ ,０００ have been extended based on an accumulated pastoral savings of US
＄ ９３ ,０００ , in part generated by animal trading . In associated efforts , PARIMA has organized １２ cross‐border ( Ethiopia/Kenya) meetings to address livestock production problems , trade , and conflict mitigation . Opening of export markets fromEthiopia to the Gulf States starting in ２００３ has resulted in a large outflow of marketed stock from northern Kenya and southernEthiopia ; over ２５ ,０００ head of sheep and goats were traded by １１ collective‐action groups assisted by PARIMA during ２００４‐０５alone (Desta et al , ２００６) .
Conclusions Only by investing in interdisciplinary field studies and bringing new technologies to bear on the problem can we
provide new tools to mitigate risk in the contemporary pastoral environment . In order to understand �new" risks and how theyoperate and are perceived , it is important to invest in long‐term survey work . Participatory research has shown remarkableresults , as it integrates implementation and project design with community participation in a dynamic system of projectmonitoring , adjustment , and evolution . Projects , communities and development professionals learn by monitoring , rethinking ,and adjusting their efforts .
ReferencesDesta , S . , G . Gebru , S . Tezera , and D . L . Coppock , ( ２００６ ) . Linking pastoralists and exporters in a livestock marketingchain : recent experiencees from Ethiopia . Pages １０９‐１２８ in Pastoral Livestock Marketing in Eastern Africa : Research andPolicy Challenges . Intermediate Technology Publications L td , , Warwickshire , U .K . ２８８ pp .Kaitho , R .J . , A .A . Jama , J .W . Stuth , G . Kariuki , A . Abdirahman , L . MacOpiyo and J . Ndung摧u . ( ２００７ ) . Livestockearly warning information resource in the Horn of Africa : Forage and livestock marketing information analysis and forecasts .
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Estimating pastoral pressure on arid rangelands taking into account herd management practices
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Introduction One of the main critics formulated against the grazing pressure concept , is that proposed indexes usually do notinclude elements of livestock management ( i .e . forage schedules , temporality of herd movements , supplemental feeding ) .However , these elements largely modulate the actual level of pressure livestock can exercise on rangeland integrity .
Materials and methods Study area was located in the arid region of Jeffara ( South East Tunisia) , with mean annual rainfalls ofabout １７０ mm . One hundred parcels of Rhanterium suaveolens and Stip a tenacissima steppes were surveyed ( plant covermeasurements , floristic diversity , plant types) in order to characterise range conditions . At the same time , qualitative surveyswere performed on each parcel with pastoralists regarding their herd and pastoral management ( type of livestock grazingmanagement ( transhumant or sedentary ) , types and temporality of uses , tenure system , livestock feeding system , seasonal anddaily grazing patterns , types and levels of complementation , etc .) . Collected data were processed by means of MultipleFactorial correspondences analyses , and constituted the basis for the formulation of a Pastoral Use Intensity Index ( IIUP) , asfollow :

IIUP ＝ NA .NMU .TU .PPA .PRPSP . １２
Where : NA : number of small stock ( in Ovine Units) ; NMU : Numbers of months where rangeland is grazed during the year ;TU : qualitative variable related to the intensity of use during grazing period ( continuous grazing ＝ １ , diffuse grazing onrangeland integrated in larger grazing patterns ＝ ０ .５ ) ; PPA : proportion of grazed forages in the diet of small stock (０％ ＝ ０ ; ０‐
２０％ ＝ ０畅１ ; ２０‐５０％ ＝ ０畅３ ; ５０‐９０％ ＝ ０畅７ ; ＞ ９０％ ＝ １ ) ; PRP : eventual period of resting of the parcel during spring ( Ifrangeland is not grazed during spring then PRP ＝ ０ .５ , if not PRP ＝ １) ; SUP : surface of rangeland in hectares ; １２ correspondsto the twelve months of the year .
This index was related to the classical calculation of stocking rate and to the range conditions of the １００ studied parcels .
Results and discussion IIUP ranged from ０ to ６５ , while instantaneous stocking rate varied from ０ to １３２ . The latter index led toan over‐estimated evaluation of grazing pressure because it did not integrate eventual adjustments made by herders in order tobalance herd requirements and forage resources of rangelands . We found a clear relationship between IIUP value and rangecondition . In R . suaveolens steppes about ５０％ of rangelands with a low or moderate IIUP were classified in good condition ,while only ２６％ of them with high IIUP was found in good condition . This relationship was still stronger in S . tenacissimasteppes . Relationships between stocking rate and IIUP values indicate the magnitude of the risk of overestimating grazing
pressure ( slopes of the regression curves between ０ .３５ and ０ .４５ ) .
Conclusions The IIUP index , potentially , appears to be a useful tool for evaluating livestock management impacts onrangelands , thanks to its capacity to take into account several aspects of herds management practices which fully influence
grazing pressure level . However , it needs to be refined in order to simplify it , and be tested within different rangelandsituations in order to evaluate its heuristic character .
ReferencesBenhke R . , Scoones I . , Kerven K . ( Eds) , (１９９３) . Range ecology at disequilibrium . London , ODI , ２４８ p .Genin D . , Guillaume H . , Ouessar M . , et al . ( Eds) , ( ２００６ ) . Entre désertification et développement ,la Jeffara tunisienne .
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Introduction Monitoring processes of desertification using nutrient indicators has not been widely reported . Research ondesertification is usually concerned with the impacts of agricultural and pastoral production but less on the ecosystem processes
( Tongway & Whitford , ２００２) . A common assumption is that desertification results in loss of soil fertility in the grazing lands .Assumed linkages between desertification processes and soil nutrient loss around settlements in the arid zones of Africa ( Lusigi ,
１９８１) has however not been confirmed by research . We investigated if there is a gradient of nutrient loss from two pastoralsettlements in Northern Kenya .
Materials and methods We selected the settlements of Kargi ( N ０２ ３１°２７５′ E ０３７°３４′) and Korr ( N ０２ ００°２００′ E ０３７°３０′) thatwere associated with in situ desertification from overexploitation of the vegetation by sedentary Rendille pastoralists earlier inthe １９８０s ( Lusigi , １９８１ ) . We established ４ km transects set in four compass directions from the centres of the twosettlements . The settlements showed different patterns of pastoral camps . In Kargi , the pastoral camps formed a centralcluster within ０‐１ km radius of the settlement , while for the Korr site , the pastoral camps were located ＞ ４ km from thesettlement . In Kargi settlement there was evidence of sand dune movements in the areas of pastoral camps , while in Korr soilmovements were evident ４ km from the settlement . Along the transects , soils were sampled at ２００ m intervals from ０‐２０ cmdepth ( n ＝ ８０ samples for each site) . Soils were mixed and about ２５０ g analyzed for total nitrogen ( ％ N) , total organic carbon( ％ C) , ex tractable phosphorus ( ％ P) and electro‐conductivity ( Ec) using the standard laboratory methods . Woody cover wasalso estimated . Soil nutrient gradients and woody cover were analysed using linear constrained ordination in CANOCO .Redundancy Analysis ( RDA) was used with soil nutrients and woody cover as response variables and distance as explanatoryvariable .

Figure 1 Soil nutrients and woody cover ordination f rom the settlements : (A ) Kargi and (B) Korr in Northern Kenya .

Results Total nitrogen , total organic carbon and Ec were negatively correlated with distances from the settlements , but thecorrelations were not significant ( p ＞ ０ .０５ ) ( Figure １A‐B) . Extractable phosphorous was negatively correlated for the Kargibut positively for the Korr settlement ( p ＜ ０ .０５ ) . In Kargi woody cover showed no spatial patterns , while for Korr , woodycover decreased with increasing distance from the settlement . Woody cover showed no correlation with soil nutrients except forEc for the Korr site ( r ＝ ０ . ２０ , p ＜ ０ .０５) .
Conclusions In both settlements , the patterns of ex tractable Phosphorus varied according to the locations of the pastoral campssuggesting that the changes were related more to livestock activities than to losses attributable to degradation . The distributionsof total nitrogen and total organic matter were also greater around the settlements ( albeit being insignificant ) . The resultsshowed that soil nutrients in the settlements did not directly reflect the losses often linked to the processes of desertification .The responses of different nutrients along degradation gradients appeared to reflect the positive roles played by livestock innutrient transport into the pastoral camps . The study concluded that settlements in the arid zones of Northern Kenyaaccumulated nutrients contrary to the common expectations .
ReferencesTongway , D . & Whitford , W . ( ２００２) . Desertification and soil processes in rangelands in Grice , A . C . and Hodgkinson , K .C . ( ed) , Global rangelands : progress and prospects . CABI Publishing , Willingford , Oxon , UK .Lusigi , W .J . ( １９８１ ) . Combating desertification and rehabilitating degraded production systems in Northern Kenya . IPALTechnical Report A‐５ , UNESCO , Nairobi .
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Gareth Hempson1 , A ndrew I llius 1 , How ard Hendricks2 , Susanne Vetter 3
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Introduction The key resource model predicts that herbivore numbers in seasonally‐variable grazing systems are determined byaccess to a critical subset of forage resources , and that herbivore population dynamics are essentially uncoupled from resourcesaccessible during the growing season ( Illius & O摧Connor ２０００) . This contrasts with the view that nonequilibrial dynamics areubiquitous in variable environments , with weak or no coupling between herbivore and resource dynamics ( Ellis & Swift １９８８) .We tested predictions of the key resource model in the Richtersveld National Park ( RNP) , South Africa , where herders movetheir herds in response to local resource availability ( Hendricks et al . ２００５ ) . Herd dynamics , local densities and habitat usewere examined to test whether herbivores are : (１ ) limited by density‐dependent competition for the dry season forage resource ;and (２) coupled to their forage resource in the dry season , but not in the wet season .
Materials and methods Regular censuses of the mixed goat and sheep herds in the RNP were initiated in July １９９５ . These wereused to determine goat population grow th rate , calculated as ln ( Nt ＋ １ / Nt ) , during the period November １９９９ — October ２００１ ,for which weekly records of herd positions were also kept . Local animal densities were calculated for １５ regions within whichthe daily foraging paths from individual stockposts were likely to overlap . These regions were classified into three habitattypes : riparian , plains and mountains . The climate is arid and erratic , but three‐month summed rainfall over the study periodwere twice as high on average for a wet season month (２０ .４ ± ２２ .９ mm ; April‐October) as for a dry season month ( １１ .７ ±

１９ .２ mm ; October‐April) . The effects of season and local animal density on goat population grow th rates were examined , aswere seasonal habitat preferences .

　 Figure 1 Goat population grow th rate versus local animal
density f or the dry and wet season . The solid line
rep resents the best f it f or the dry season ( y ＝ ‐0 .016x ＋

0 .116 , R2
＝ 0 .25 , p ＝ 0 .085) .

Results and discussion Goat herd grow th rate and local animaldensity were not correlated in the wet season ( Figure １ ; n ＝
１４ , R２

＝ ０ .０５ , p ＝ ０ .４１９ ) , but were negatively correlated inthe dry season ( n ＝ １３ , R２
＝ ０ .２５ , p ＝ ０ .０８５ ) . Mean goatpopulation grow th was positive in the wet season [０ .１６５ ± ０ .

２３ ( s . e .) ] and negative in the dry season (‐０ .０６２ ± ０ .１８ ) .During the wet season , animal numbers were split fairly evenlybetween riparian ( ５５％ ) and non‐riparian ( ４５％ ; plains ＝
３５％ , mountains ＝ １０％ ) habitats . However , the riparian zonewas preferred (７９％ ) to non‐riparian habitats ( ２１％ ; plains ＝
１７％ , mountains ＝ ３％ ) in the dry season .
Conclusions The density‐dependent decline of herd grow th ratein the dry season suggests resource limitation at this time .This is not apparent in the wet season . Hendricks et al .(２００５ ) and our discussions with the herders indicate thatmovements away from the riparian zone are in order to accessthe flush of annual forage species on the plains after rainevents . In contrast , movements back to the riparian zone aredue to the need for daily access to drinking water , rather thanforage resource limitation . The riparian zone thus appears toform a key resource in the RNP , and there is some degree ofsupport for the first two predictions of the key resource model :(１) density‐dependent limitation may occur in the dry season ,likely due to coupling with the forage resource , while (２) the population appears to be relatively uncoupled from the wet seasonresource .
ReferencesEllis , J .E . , Swif t , D .M . , ( １９８８ ) . Stability of African pastoral ecosystems : alternate paradigms and implications fordevelopment . Journal o f Range Management , ４１ , ４５０‐４５９ .Hendricks , H .H . , Clark , B . , Midgley , J .J . , Novellie , P .A . , ( ２００５) . Movement response patterns of livestock to rainfallvariability in the Richtersveld National Park . A f rican Journal o f Range and Forage Science , ２２ (２) , １７‐１２５ .Illius , A .W . , O摧Connor , T .C . , (２０００) . Resource heterogeneity and ungulate population dynamics . Oikos , ８９ , ２８３‐２９４ .
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Infrared heater arrays for warming grazingland field plots
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In order to study the likely effects of global warming on rangeland and other ecosystems in the future , we developed arrays ofinfrared heaters that can produce uniform warming across ３‐m‐diameter field plots ( Figure １ ; Kimball et al . , ２００８ ) . Theefficiency of the heaters was higher than that of the heaters used in most previous infrared heater experiments . Operating costscan be predicted from knowing this efficiency , desired degrees of warming , type of plant canopy , and site weather data ,especially windiness . Four such arrays were deployed over plots of grass at Haibei , Qinghai , China and another at Cheyenne ,Wyoming , USA , along with corresponding reference plots with dummy heaters . PID ( proportional‐integral‐derivative) systemswith infrared thermometers to sense canopy temperatures of the heated and reference plots were used to control the heateroutputs . Over month‐long periods at both sites , about ７５％ of canopy temperature observations were within ０ .５ ℃ of thesetpoint temperature differences between heated and reference plots . Electrical power consumption per ３‐m‐diameter plotaveraged ５８ and ８０ kW‐hr per day for Haibei and Cheyenne , respectively . However , the desired temperature differences wereset lower at Haibei (１ .２ ℃ daytime , １ .７ ℃ night ) than Cheyenne ( １ .５ ℃ daytime , ３ .０ ℃ night ) , and Cheyenne is a windiersite . Thus , we conclude that these hexagonal arrays of ceramic infrared heaters can be a successful T‐FACE ( temperature free‐air controlled enhancement) system for warming field plots of grazingland and other ecosystems .

Figure 1 (Le f t ) Hexagonal array o f in f rared heaters over graz ingland at H aibei , Qinghai , China on 3 A p ril 2007 .
(Right) Thermal image o f 25‐cm‐tall wheat under a similar heater array at Maricopa , A rizona , USA be f ore dawn on 7
November 2007 .

ReferenceKimball , B .A . , Conley , M .M . , Wang , S . , Lin , X . , Luo , C . , Morgan , J . , Smith , D . , (２００８) . Infrared heater arrays forwarming ecosystem field plots . Global Change Biology ( in press) .
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Biotools : indicators for biodiversity outcomes of grazing practices in the Australian rangelands
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Introduction Australia摧s tropical savanna rangelands are one of the most intact and best condition savannas in the world , andhave significant biodiversity values ( e .g . habitat for ５０％ of Australia摧s bird fauna) (Woinarski et al .２００７ ) . Livestock grazingis the dominant land use ; therefore grazing land management will have a major influence on the ability of rangelands to maintainbiodiversity . For graziers , maintaining rangeland condition ( perennial grass cover and capacity to produce forage) is a goal forsustainable management . Historically , rangeland condition was presumed a surrogate for biodiversity condition , but it is nowrecognised that this is not entirely true ( Fisher and Kutt , ２００７) . The Biotools project is investigating the relationship betweenbiodiversity pattern and a range of condition metrics , and is developing a framework for land managers to learn aboutbiodiversity on their land , and gain new perspectives about their role as land stewards .
Materials and methods Twenty case study properties , throughout northern Queensland in the Northern Gulf , Southern Gulf ,Burdekin Dry T ropics , Desert Channels and Far North Queensland regions , form the basis for this study . At each property １０‐
５０ １‐hectare sites were selected to represent a range of typical condition states ( variation in ground cover , fire pattern , treedensity , vegetation diversity ) . At each site vertebrate fauna was sampled using trap and release , observation and activesearching methods . The relationship between biodiversity , habitat variables and condition metrics was investigated to assessuniversal and idiosyncratic relationships across taxa , land types , management and region .
Results The relationship between bird , reptile and mammal richness , abundance and diversity indicated varying and inconsistentrelationship between typical measures of land condition ( e .g . dry matter yield , perennial ground cover , tree basal area , stemcounts ) . For example , bird species richness showed a quadratic relationship with dry matter yield , whereas mammal and reptilespecies richness was positive and linear ( Figure １) . A test of four typical condition metrics ( Stocktake ＝ rangeland condition ,Patchkey ＝ soil and hydrological function , BioCondition ＝ habitat values , Landsat ＝ temporal ground cover trends ) , indicatedthat only the metric specifically designed to assess biodiversity condition , was able to account for variation in speciescomposition across a range of site condition states ( Table １) .

Figure 1 Relationship between ground
cover ( as dry matter yield ) and f auna
species richness at 50 sites in the Northern
Gul f region .

Table 1 A nalysis o f similarly between f our land condition classi f ications ,
each w ith f our categorisations (A to D , w ith A indicating �good" , and D�poor") and bird , rep tile , mammal and p lants species composition at 60
sites in the Desert Up lands region . The general relationship and the
comparison between the most contrasting condition states ( A vsD ) are
p resented .
Classification n Birds Rept Mamm Plants
Stocktake
(A vs D) ４ ┅ns

ns
０ 煙.１２倡

ns
ns
ns

ns
ns

Patchkey
(A vs D) ４ ┅ns

0 挝.64倡倡
ns
ns

ns
ns

ns
ns

BioCondition
(A vs D) ４ ┅０ 揪.１６倡倡

0 .78倡倡倡
０ 煙.１０倡

ns
０ e.０８倡倡

0 .35倡倡
０ q.１３倡倡

0 .75倡倡

Landsat trend
(A vs D) ４ ┅ns

ns
ns
ns

ns
ns

ns
ns

( 倡 ＝ P ＜ ０ .０５ , 倡 倡
＝ P ＜ ０ .０１ , 倡 倡 倡

＝ P ＜ ０ .００１)

Conclusions T raditional measures of rangeland condition were not directly related to biodiversity condition . We argue ,therefore , that their use is not equated with sustainable environmental management . The Biotools project provides moreaccurate information on land condition and biodiversity , thereby providing a tool to help land stewards manage and monitorbiodiversity values . Going forward , one key challenge for the Biotools project is to find the balance between information that issimple enough for all land managers to use , but is able to capture ecological complexity .
ReferencesFisher , A and Kutt , A . ( ２００７ ) . Biodiversity and land condition in tropical savanna rangelands . T rop ical Savannas CRC ,Darwin .Woinarski , J , Mackey , B , Nix , H . and T raill , B . (２００７) . The Nature o f Northern A ustralia . ANU Press , Australia .
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Combining agroecological knowledge and empirical knowing to build pastoral management
guidelines within multipurpose land use
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Introduction Whereas many technical references on grazing management of permanent grasslands exist , operational knowledgefor rangeland management is scarce . For this reason , rangeland extension agents take available knowledge and transpose it tomore complex rangeland vegetation , for which it is no longer valid . The objective of this paper is to investigate how these
practitioners face this lack of specific knowledge for rangeland management and adapt existing knowledge to their own knowing( Cook and Brown , １９９９) .
Materials and methods We took a knowledge engineering approach ( McGraw and Harbison‐Briggs , １９８９ ) , that is , an activityconsisting of eliciting and modelling knowledge currently in use , which is mainly tacit ( Nonaka , １９９１) , i .e . ,�highly personal
[ . . .] hard to f ormaliz e and , there f ore , di f f icult to communicate to others" . We analysed the reasoning process of pastoraldiagnosis in a case study of a land‐use project in the Western Pyrenees . For that purpose , we conducted semi‐structuredinterviews with the practitioner and analysed methodological documents ( technical and scientific literature ) as well asdocuments produced by the practitioner related to his own diagnosis of several pastoral areas .
Results Our results show that the pastoral extensionist combines scientific agroecological knowledge ( agronomy andphytosociology ) and empirical knowing ( from himself , other extensionists and from livestock farmers using these areas) . Thiscombination appears at different stages in his approach ( Figure １) , f rom the zoning of physiognomic types to the building of amap of resource potentialities for livestock feeding .

　 Figure 1 Reasoning p rocess f or p astoral diagnosis .
On the le f t , the main diagnosis step ; on the right , the
agroecological know ledge ( in bold type ) and know ing ( in
italics) used .

Pastoral Value ( PV) (Daget and Poissonet , １９７２ ) is used asa key concept in his approach , but after being assessed fromgeneric tables , it is twice re‐evaluated with : ( i ) hisexperience of other similar ecofacies , integrating theiraccessibility into their PV ; ( ii ) interactions with livestockfarmers and their own categorisations of these areas regardingtheir use to feed their flocks (�agronomic value") .
Conclusions This type of cognitive approach to the synergybetween empirical and scientific knowledge should becompleted by an analysis of the socio‐organisational settings inwhich this knowledge finds its sense meaning ( see poster ofGirard et al .) . These results also point out the necessity todevelop new qualifications of complex vegetation in rangelands( see two posters of Agreil et al .) and even to design newapproaches to build agroecological knowledge that could beboth shared and �actionable" . In keeping with Russel andIson ( ２０００ ) , it may be seen as an opportunity to develop�contextual science " , and a first step in imagining newrelationships between research , agricultural extension andrural development .
ReferencesCook SDN , Brown JS , (１９９９) . Bridging epistemologies : thegenerative dance between organizational knowledge andorganizational knowing . Organiz ation Science １０ :３８１‐４００ .Daget P , Poissonet J , (１９７２) . Un proc砪d砪 d摧estimation de lavaleur pastorale du p备turage . Fourrages , ４９ , ３１‐３９ .Mcgraw KL , Harbison‐Briggs K , (１９８９) . Knowledge acquisition : principles and guidelines , Prentice Hall .Nonaka I . , (１９９１) . A dynamic theory of organizational knowledge creation . Organiz ation Science ５ (１) ,１４‐３７ .Russel DB , Ison RL , ( ２０００ ) . The research‐development relationship in rural communities : an opportunity for contextualscience . In Ison RL , Russel DB ( ed .) A gricultural Ex tension and Rural Development : Breaking out T raditions .Cambridge University Press , １０‐３１ .
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Sustainability assessment of animal production systems in the (sub) tropics : review and prospects
on combining Life Cycle Assessment (LCA) with other environmental impact assessment methods
A .C . Mayer
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Introduction In developing countries , the demand for animal products is increasing . However , intensified animal production cancause serious environmental problems , especially in sensitive areas , e .g . mountain ecosystems and ( sub ) tropical forests .Research concerning tropical and subtropical animal nutrition has focussed so far mainly on the optimisation of the nutritional
properties of animal diets . However , especially in tropical and subtropical regions , where many developing countries arelocated , sustainability issues , such as soil , water and biodiversity conservation , should be considered thoroughly in order tomaintain both the alimentary basis of the local population and the possibility to produce for the market . Life Cycle Assessment
( LCA) is the internationally most accepted method to assess potential impacts to human health and the environment associatedwith a product , process or activity by evaluating resource consumption and emissions . In temperate zones , LCA has beenapplied for the assessment of the sustainability of different animal agriculture systems in several case studies , e .g . comparisonsof conventional and organic dairy systems . In many cases , in order to achieve an increase of milk and meat production ,specialists recommend to shif t from ( extensive) grazing systems to intensified animal production systems , which implies amongothers reduction of forest area in order to increase the percentage of open pastures and thus the productivity of herbaceous plantspecies , conversion of native pasture to �improved摧 pasture , introduction of artificial fertiliser in order to enhance biomassproduction , supplementation with crop‐residues and agro‐industrial by‐products , zero‐grazing systems , etc . With the help ofLCA , environmental implications of intensified production systems ( including the above mentioned measures) can be comparedwith traditional grazing systems .
Material and methods In order to be able to differentiate between extensive grazing systems and intensified animal productionsystems , consensus on how to include biodiversity and other additional impact categories in LCA is essential . This paper i)describes the steps involved in a LCA , ii) gives an overview on existing publications concerning the use of LCA in tropical andsubtropical countries , iii) points out which factors have to be specifically taken into account when applying LCA in tropical andsubtropical animal nutrition , iv) and highlights the importance of including additional impact categories in LCA studies .
Results In tropical and subtropical countries , so far , only few LCA studies concerning the sustainability of different animalfeeding alternatives have been conducted . However , LCA studies in temperate regions and related LCA studies in subtropicaland tropical areas provide a good basis for the application of LCA in subtropical and tropical livestock nutrition . For example ,LCA studies on bioethanol production in Mediterranean and tropical regions can provide useful data concerning theenvironmental burdens of crop cultivation , e .g . wheat and corn , which are important supplements for livestock in subtropicaland tropical areas . Furthermore , LCA studies concerning irrigation‐based fruit production and toxicological impacts of
greenhouse farming include recommendations concerning the application of LCA in ( sub ) tropical environments . In several( sub) tropical countries , LCA is gaining importance both in industry and in research , and several groups started to adapt themethodology to ( sub) tropical environments and to collect additional region‐specific data .
Conclusions For some environmental impact categories , the LCA databases developed in Europe can be used directly , e .g .energy use . However , for other impact categories , data , models and methodology developed for the temperate zone need to beadapted to ( sub) tropical environments . LCAs on ( sub) tropical agriculture should specifically include soil erosion and fertility ,water consumption and biodiversity , in addition to the impact categories usually included in LCA studies . Concerning theintegration of biodiversity , there are already feasible existing methods at least for European conditions , while more efforts areneeded to develop simpler models or indicator sets to include soil erosion and water consumption in ( sub) tropical LCA . In thiscontext , the combination of LCA with other environmental impact assessment methods and conventional field study techniquesand experiments might be useful . Pilot studies are necessary to investigate how LCAs of ( sub ) tropical animal productionsystems can be implemented and to what extent new developments in terms of methodology and data collection is needed . LifeCycle Assessment of different resource use alternatives can help to improve the ecological sustainability of agricultural
production in the tropics and subtropics , both by improving the marketability of more sustainably produced goods and byguiding research , consultancy and policy .
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Assessing resource condition in grazing lands : how do different indicators compare ?
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Introduction A widespread concern over declining resource condition of grazing lands throughout the world is leading to the need
to be able to assess resource condition to both aid management decision‐making , and allow producers to demonstrate the
effectiveness of their land management . There are many possible indicators that can be used and many ways they can be
applied . This paper illustrates the application of a number of indicators to small , commercially grazed catchments .
Methods Thirty catchments ( ～ ４００‐５００ ha ) were selected in the Crows Nest region ( ２７°１５摧S , １５２°０５摧E ) of south‐east
Queensland . Grazing was the major land use in all catchments , although they had a variety of soils , native vegetation , pastures
and extent of tree clearing . Assessments were made of １２ indicators ( Table １ ) representing two components of resourcecondition ( ecosystem function and biodiversity conservation) . Each indicator was expressed on a ０‐１００ scale , where ０ ＝ poorand １００ ＝ good condition . The methods are described in detail in MacLeod et al . (２００４) .
Results The means and ranges of values of the １２ indicators over the ３０ catchments are shown in Table １ . For any one
catchment , there were often large differences in the values of the individual indicators ( sometimes from ０ for one indicator to
１００ for another) showing that some aspects of condition were poor while other aspects were good . Levels of some indicators
were good for all catchments ( e .g . salinity , soil surface , soil erosion ) , while others were poor in many catchments ( e .g .
wildlife habitat , remnant vegetation) . When the values of the １２ individual indicators were averaged to provide a single value
for a catchment , there was much less variation in the values between catchments than there were for some individual indicators .
Some catchments had similar overall values despite large differences for individual indicators as shown in Figure １ for two
catchments — both these catchments have the same overall value (７６ ) , the same value for some indicators (１ ,３) , similar valuesfor some (５ ,１１ ) and widely different values for others ( ７ ,１２) .

　 Figure 1 Values o f 12 individual indicators for two catchments .

Table 1 Range and mean values o f 12 indicators o f resource
condition f or 30 grazed catchments
Indicator / component Min Max Mean
１ 後. Soil surface ７８  １００ 沣９０ V
２ 後. Soil erosion ７９  ９９ 烫９１ V
３ 後. Salinity １００ -１００ 沣１００ m
４ 後. Pasture health ５６  １００ 沣８７ V
５ 後. Tree health ( upland) ５４  ９５ 烫７６ V
６ 後. Tree health ( riparian) ５６  ９７ 烫８９ V
７ 後. Weeds ( upland) ４０  ９６ 烫７６ V
８ 後. Weeds ( riparian) ７８  １００ 沣９２ V
９ 後. Stream bank stability ６３  ９５ 烫８４ V
１０  . Stream bed stability １８  ７１ 烫４９ V
１１  . Wildlife habitat ２０  ５３ 烫３６ V
１２  . Remnant vegetation ０ �１００ 沣３７ VAll ６９  ８３ 烫７５ V

Discussion The concept of a single aggregated indicator score to represent the overall resource condition of a catchment is
attractive for making comparisons of catchments . However , such values may not reflect real differences between catchments .
Combining values of indicators which vary independently results in overall values that vary little between catchments , and
similar combined values may disguise large differences between catchments for individual indicators . Indicators are often used to
meet multiple goals and a combination of an overall index ( for simple comparisons) and individual indicator values ( for details of
differences) is more likely to be useful than either approach on its own .
Reference
MacLeod , N .D . , McIvor , J .G . , McDonald , C .K . , Hodgkinson , J .J . , ( ２００４ ) . Project CSE７ Report to Land & WaterAust .



瞯 ]582　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Indicators for Sustainable Use and Conservation of Grasslands/Rangelands Resources

Ecological pratacultural construction and sustainable :development strategies in Guizhou
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The pratacultural resource in Guizhou Guizhou Province is located in the upper reaches of the Yangtze and Pearl rivers , and
governed by a sub‐tropical monsoon climate . Soils of the １７６ ,１００ square kilometer region are typical of the mountains and hillsthat make up ９７％ of the area , Karst physiognomy accounts for ７３％ of the total land area .with more than １ ,８００ species offorage plants in Guizhou province . Among them , are more than １ ,４００ species of shrubs and herbage plants . Natural grasslandscomprise ２４ .３％ of the total land area . The rich forage resources and good climatic conditions make excellent conditions forgrassland‐animal husbandry .
Current grassland status Because of previous agricultural practices , including slash and burn agriculture and excessive grazinglarge areas of once natural grasslands are damaged . The result is bare ground and serious soil erosion leading to desertification .
The necessity of development ecological prataculture in Guizhou
Decrease grain production pressure T raditional animal agriculture in Guizhou has long been an important economic activity ,through praised science and technology content , returned the tradition animal agriculture production way , Changed consumetype animal agriculture to eating grasses type animal agriculture ,through developed and utilized natural grassland , built high
yield and good quality artificial‐pasture , processed good quality the grass product , and reduced the forage grains ,lighten grainproduction pressure , Avoid the natural grassland of destroy for grain supplies question , Being into healthy animal agricultureproduction .
Fathering the water loss and soil erosion , and protecting environment Guizhou is the ecological barrier in the upper reaches of theYangtze and Pearl river basins . The water loss and soil erosion areas arrived to more than ７ × １０

４ square kilometer ,accountingfor ４０％ of the total land . The water and soil erosion modulus arrived to ２８００‐５０００t / km .h , Scarification and denudation wasteland in the steep slope etc phenomena still existed .Stony desertification seed was quicken . It caused serious water and soilerosion , strengthen environmental conservation and fathered no time to delay . Strengthen scientific utilization to the grasslandvegetation . Preserved ecological environment . Coming true continuable prataculture production and development .
The strategies of Guizhou ecological prataculture development For effectively utilization the grassland resource , Developed
pratacultural economy and preserved the ecological environment , must carry out �three breakthrough" , Namely planted thegrass should have large breakthrough , Developed and strengthened pratacultural industry , The mode of production should havelarge breakthrough , tracked the road of planting grass to raising animal , Assuredly changed tradition stock breeding productionmode , Scientific stock keeping should have large breakthrough , Quicken pratacultural and forage project . The emphases weredone well three aspect works : First , built good strains breeding system ,spread excellent varieties . Second , developed manual
planting grass , Spreading ecological breeding .Third , developed technology innovation , improved technological level .
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Using microhistlogical techiques to predict botanical composition of horse diets on cool‐season
grass pasture
J .I . Morrison1 , S .R . Smith1 , and G .E . A iken2

1 Univ o f K entucky , Lex ington , KY (USA ) 40546 ; 2 USDA‐ARS‐FA PRU , Lex ington , KY 40546

Key words : horse , diet , pasture , grazing , microhistological
Introduction The horse industry is Kentucky摧s top agricultural cash crop at over １ billion dollars annually ( USDA , ２００７ ) ;therefore , high quality pasture and efficient utilization is essential for animals to remain healthy and producers to remaineconomically viable . This research employed the use of microhistological analysis to analyze diet composition of Thoroughbredhorses grazing cool‐season grass pasture . Microhistological analysis is a popular method of diet determination based onmicroscopic recognition of generally unique and identifiable undigested cellular structures from the cuticle layer of plant leaves .These identifiable structures include : stomata and their density patterns , size of bulliform cells , shape and frequency of pricklehairs , cell wall construction , shape and thickness , and cuticle size . The objective of this research was to determine if themicrohistological technique as described by Sparks and Malechek (１９６８) can accurately predict the diets of domesticated horsesgrazing cool‐season pasture .
Materials and methods Extensive microscope training was required to become proficient at recognizing unique microscopiccellular characteristics and discerning individual species . Samples of tall fescue [ Lolium arundinaceum ( Schreb .) S . J .Darbyshire] , bluegrass ( Poa p ratensis L .) and orchardgrass ( Dacty lis glomerata L .) were evaluated . After training andvalidation of the procedure , experiments were designed to test the accuracy of microhistological analysis for determining dietcomposition of horses grazing cool‐season grasses .
Cool‐season pasture grazing studies were conducted in October , ２００６ and May , ２００７ in Lexington , KY . Eight ０ .２５ ha
paddocks with varying amounts of tall fescue were evaluated for percent botanical composition by using a ０ .６ m２ quadrat .Visual estimation , point quadrat analysis , and hand separation were used to determine botanical composition and dry matteravailability . One Thoroughbred mare was placed in each paddock and allowed to graze freely for ６ days , and fecal samples weretaken from paddocks on days ４‐６ . Fecal samples from day ５ were used for analysis to insure against contamination from pre‐study herbage intake .

　 Figure 1 Regression p lot o f f ecal tall f escue percentage and percent tall
f escue available in paddocks f rom graz ing ex periments .

Results and discussion There was strongcorrelation ( r ＝ ０ . ９０ ) between botanicalcomposition in the paddock and dietcomposition of tall fescue component in
grazing experiments ; the same was true fororchardgrass measurements ( r ＝ ０ .８０ ) . Intakeof bluegrass as a proportion of available drymatter was higher in the fall than the spring .Figure １ shows the regression of percent tallfescue available in paddocks against percenttall fescue present in feces . These data showthat when tall fescue percentage in a paddockwas higher , less tall fescue was consumed as a
percent of what was available . Conversely ,when tall fescue percentage in a paddock islow , it is consumed in a higher proportion . Astall fescue availability increased , the amount inthe diet increased , only at a decreasing rate .The same trend occurred for orchardgrass .
Conclusions Microhistological analysis is auseful tool for determining diet composition ofhorses grazing cool‐season grass pastures .
ReferencesUSDA , ( ２００７ ) . Kentucky agricultural statistics and annual report ２００５‐２００６ . Cooperative Extension Publication USDA /NASS/KDA . Louisville , KY . p ６４ .Sparks , D .R . , and J .C . Malechek . ( １９６８ ) . Estimating percentage dry weight in diets using a microscopic technique . J .
Range Manage . ２１ : ２６４‐２６５ .
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Dealing with transitions in climate , economic , and political conditions in Eurasia
D . S . Oj ima1 ,2 , T . Chuluun2 , 3 , 4 , S . Temirbekov 2 , T Riley 2
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University , 3 G lobal Citiz en NGO and 4 National University o f Mongolia Heinz Center , 900 17th Street NW , Suite 700 ,
W ashington DC USA 20006 . E‐mail :o j ima＠ hienzctr .org
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Introduction Dramatic changes occurred in pastoral systems of Mongolia , China and Russia for past decades . Integratedassessment of these changes on environment and quality of life is essential for sustainability of the region . Integrated assessmententails determining the interactions and impacts of various management strategies on the environment and human systems .Recently , evaluation of the pastoral systems has been conducted in the region . Overview of these research project findings ,integration of knowledge and delivery of this knowledge to scientists , policy makers and land users is critical for regionalsustainable development .
Pastoral systems , where humans depend on livestock , exist largely in arid or semi‐arid ecosystems where climate is highlyvariable . Thus , in many ways pastoral systems are adapted to climatic variability . It is plausible to assume direct connectionbetween climate variability , ecosystem dynamics and nomadic land use system in Mongolia . Interaction between ecosystems andnomadic land use systems co‐shaped them in mutual adaptive ways for hundreds of years , thus making both the Mongolianrangeland ecosystem and nomadic pastoral system resilient and sustainable .
We also recognize the pervasive role of demographic , political and economic driving forces on pastoral exploitation . The generaltrend involves greater intensification of resource exploitation at the expense of traditional patterns of extensive range utilization .This set of drivers is orthogonal to the above described climate drivers . Thus we expect climate‐land use‐land coverrelationships to be crucially modified by the socio‐economic forces mentioned above . Nevertheless , the complex relationshipbetween climate variability and pastoral exploitation patterns will still form the environmental framework for overall patterns ofland use change .
Key findings We have analyzed climate data and land cover changes to evaluate factors affecting land use changes . Developinglinkages between current trends in policy decisions and economic forces will be developed in the analysis of environment andecosystem dynamics . During last ６０ years the annual mean air temperature increased by １ .５６ ℃ in Mongolia ( Mongolia NationalAction Program on Climate Change ２０００ ) . Winter and spring‐fall temperatures increased by ３ .６１ ℃ and １ . ４‐１ .５ ℃respectively . However , the summer temperature decreased by ０ .３ ℃ . Change in warming has spatial character : winterwarming is more pronounced in the high mountains and mountain valley , and less in the Gov摧 desert and the steppe . There is aslightly increasing trend in the annual precipitation in the last ６０ years ( Natsagdorj , ２０００ ) . During １９４０‐１９９８ , the annual
precipitation increased by ６％ , while summer precipitation increased by １１％ ( mostly in August ) and spring precipitationdecreased by １７％ , mostly in May .
Remote sensing data analysis showed that large portion of the desert steppe and dry part of the steppe region in Mongolia andInner Mongolia has delayed green‐up trend during １９８２‐１９９２ and up to １９９９ as well . Field trip‐２００１ conducted in Mongoliamainly climate change effects in Mongolia . The goal of the field survey‐２００２ in Inner Mongolia was to understand furtherclimate and land use change effects on plant phenology dynamics .
Sustainability of pastureland may be more attainable through adaptation of the concept of landscape management so thatimprovements can be seen in the adaptability of pastoral nomadism , herd quality , and herder摧s living standards . Herders maythen have the opportunity to utilize seasonal resources and enhance their ability to process and manufacture products from theirpastoral systems .
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Plant species diversity as an indicator of sustainable use of Astrebla grasslands in Australia
D . M . Orr and D . G . Phelps
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Introduction A preliminary study of plant species diversity in a long term grazing study indicated that diversity was impacted by
grazing pressure : species diversity was highest at the lowest grazing pressure and lowest at both the highest grazing pressureand in exclosure ( Orr and Phelps ２００３) . This paper presents further results from the continuing diversity study and discussesthese results in terms of sustainable use in A strebla grasslands .
Materials and methods A grazing study incorporating ６ grazing treatments was established in A strebla grassland near JuliaCreek , Australia in １９８４ and remains current in ２００７ . The climate is semi arid with mean annual rainfall of ４５８ mm with ８５％falling in summer ( October‐March) . T reatments are unreplicated paddocks with sheep numbers adjusted annually in autumn toconsume ０ , １０ , ２０ , ３０ , ５０ and ８０％ of the end of summer available forage . Plant species was determined in ２００１ and ２００４ by
germinating seed within soil samples collected within a ６０ x ６０ metre grid using a Geographic Positioning System . Each samplecomprised ４ individual cores of ５ cm diameter to ５ cm depth ( Orr and Phelps ２００３) . A total of １６ , １６２ , ６９ , ４９ , ３６ and ２０ soilsamples were collected from the ０ , １０ , ２０ , ３０ , ５０ and ８０％ treatments respectively .
Results and discussion The ２００１ sampling occurred af ter ３ consecutive summers of above average whilst the ２００４ samplingoccurred af ter ２ consecutive summers of below average rainfall . Despite this , the overall pattern of diversity was similar withthe highest number of species recorded under the lightest grazing pressure ( Figure １ ) . High species numbers at the lightestutilisation was due mainly to the high number of forb species . This high diversity at light utilisation was dominated by palatablespecies including the native legumes Glycine f alcata and Rhynchosia minima .

Figure 1 Number o f grasses and f orb species p resent in Astrebla grassland in 2001 and 2004 .

Phelps et al . ( this volume) report ４０‐５０％ of the Astrebla grasslands as being in �poor" condition following ７ years ofdrought , based on rapid assessment of pasture , soil and woodland condition . The main indicator of this poor condition was lowdensity of live A strebla spp . tussocks . The data on species diversity presented in the current paper provide evidence of theuseful role of soil seed bank analyses to assess sustainable use in A strebla grasslands .
Conclusions High forb species diversity , especially of more palatable species , is indicative of sustainable use in A strebla
grasslands .
ReferencesOrr , D . M . and Phelps , D . G . ( ２００３) . Plant species diversity in A strebla spp . grassland following １８ years of sheep grazing .Proc . VII th . International Rangelands Congress , Durban , pp . ２５６‐２５８ .Phelps , D . G . , Orr , D . M . , Houston , I . W . , Rolfe , L . and Silcock , J . ( this volume) Decline in land condition in A strebla
grassland during prolonged drought in Australia .
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A rapid assessment technique to evaluate rangeland health
M . Pellant1 , J .E . Herrick 2 , P . Shaver 3 , F . Busby 4 , and D .A . Pyke5

1 Bureau o f L and Management , 1387 S . V innell W ay , Boise , ID 83709 ,2 USDA , A gricultural Research Serv ice , Jornada
Ex perimental Range , MSC 3JER , NMSU , Box 30003 , L as Cruces , NM 88003 , 3 USDA Natural Resources Conservation
Serv ice , West National Technology Sup port Center , 1201 NE L loyd Blv d . , Suite 1000 , Portland , OR 97232 , 4 Utah State
University ,Logan , UT . 5 U .S . Geological Survey , 3200 SW Je f f erson W ay , Corv allis , OR 97331 . E‐mail : M ichael ＿
Pellant＠ blm .gov
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Introduction Land managers are constantly searching for more efficient methods to assess the condition of rangelands . Theconcept of rangeland health was advanced as an alternative to range condition ( NRC １９９４ ) and is defined as ,�The degree towhich the integrity of the soil , vegetation , water , and air , as well as the ecological processes of the rangeland ecosystem arebalanced and sustained ( Pellant et al . ２００５) ." It can be assessed using quantitative measures ( Herrick et al . ２００５) and with aqualitative , rapid assessment protocol ( Pellant et al . ２００５ ) . Qualitative assessments can be used to help prioritize land forrestoration and more intensive monitoring .
Materials and methods This technique , which is currently being applied in a number of countries including the US , Mexico ,China and Mongolia , utilizes １７ indicators that are rated ( Table １) according to their departure from an expected condition asdescribed in a Reference Sheet . These indicators include a range of biotic and soil based elements that address the integrity ofthe plant community , soil erosion , and water function . The Reference Sheet facilitates consistent application of the process oneach ecological site by integrating all available sources of data and knowledge to a single range of reference conditions for eachindicator . An ecological site is a kind of land with specific physical characteristics which differs from other kinds of land in itsability to produce distinctive kinds and amounts of vegetation and in its response to management . The product of this qualitativeassessment is not a single rating of rangeland health , but three components called attributes ( Table １) .
Table 1 A ttributes o f rangeland health and the rating categories f or each attribute ( and indicator ) .
Soil/ Site Stability Hydrologic function Integrity of the Biotic Community
Ratings reflect the degree of departure from expected values of each attribute/ indicator per the Reference Sheet
Extreme to Total Moderate to Extreme Moderate Slight to Moderate None to Slight

Results The outputs from this assessment provide a preliminary evaluation of the attributes of rangeland health at the ecologicalsite or its equivalent , level . The results can be used to communicate fundamental ecological concepts to a wide variety ofaudiences . Monitoring site selection can be improved using the assessment results and early warnings of potential problems andopportunities in areas that are potentially at risk of degradation or where resource problems currently exist can be identified .Caution must be exercised to ensure that this technique is used appropriately to identify independently the cause( s) of resourceproblems and follow‐up management actions .
Conclusions This protocol will continue to evolve as our understanding of ecological dynamics of global rangelands continues togrow . The use of a qualitative protocol , supplemented by quantitative studies , provides managers with a starting point to betterdescribe and ultimately manage rangelands .
ReferencesHerrick , J .E . , J .W . Van Zee , K .M . Havstad , and W .G . Whitford . ( ２００５ ) . Monitoring manual for grassland , shrublandand savanna ecosystems . USDA‐ARS Jornada Ex perimental Range , Las Cruces , New Mexico .NRC ( National Research Council) . (１９９４) . Rangeland health : new methods to classify , inventory , and monitor rangelands .

National A cademy Press ,Washington , DC . National Research Council . １８０p .Pellant , M . , P . Shaver , D .A . Pyke , and J .E . Herrick . ( ２００５ ) . Interpreting indicators of rangeland health , version ４ .Technical Reference １７３４‐６ . U .S . Department of the Interior , Bureau of Land Management , N ational Science and
Technology Center , Denver , CO . BLM /WO/ST‐００ /００１ ＋ １７３４ / REV０５ . １２２pp .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]587　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Indicators for Sustainable Use and Conservation of Grasslands/Rangelands Resources

Resilience of ecosystem structure and function during succession following prescribed burning in
a shrub‐steppe ecosystem in Wyoming , USA
E . Pendall , M .B . Cleary , B .E . Ewers , K . Naithani , and H . K won
Department o f Botany and Program in Ecology , University o f W yoming , L aramie , WY 82071 USA , E‐mail : Pendall＠
uwyo .edu
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Introduction Prescribed burning is applied in mountain big sagebrush ( A rtemisia tritentata var . v aseyana) communities acrossthe Intermountain West , USA , to reduce shrub cover , increase herbaceous biomass , and enhance wildlife habitat and rangelandhealth . When properly managed , succession following burning in these upper elevation rangelands follows a predictablepathway . Initially , perennial bunchgrasses ( including Festuca spp . , Stip a spp . and Poa spp .) dominate , and sagebrush coverincreases to pre‐burn levels within about ４０ years as grasses decline ( Ewers and Pendall ２００８ ) . We hypothesized that Navailability would be stimulated following burning , and that aboveground and belowground biomass and soil organic matterstorage would increase as shrub cover increased during succession .

　 Figure 1 Soil C pools in top 10‐cm over
succession . SOM‐C , total ; NHC , non‐
hydrolyz able C ; Cs , slow pool C ; Ca , active
pool C .

Methods We studied the effects of burning on ecosystem structure andfunction at three chronosequence sites in Wyoming , ranging in age from ０ to
～ ４０ years since disturbance . We measured vegetation cover and leaf areaindex ( LAI ) , and developed new allometric relationships for estimatingaboveground and coarse root biomass for sagebrush ( Cleary et al . ２００７ ) .Fine root biomass , soil organic matter ( SOM ) and KCl‐extractable NH４

＋

and NO３
－ content were also measured at one chronosequence to ２‐m soildepth . SOM was further fractionated into active , slow , and non‐hydrolyzableC ( NHC ) pools using long‐term incubations and ６‐N HCl digestion . Weapplied a vector approach , by repeated sampling of several parameters atmultiple time points , and replicated the chronosequences , to testchronosequence assumptions .

Results and discussionWe found that increases in aboveground biomass , coverand LAI were driven by sagebrush establishment and grow th over ４０ years ofsuccession following burning . Aboveground biomass accumulated at a net rateof approximately １５ g C m‐２ y‐１ , to a maximum of about ６００ g C m‐２ . Coarseroot biomass in the top ２５‐cm soil accumulated at approximately ８ g C m‐２ y‐１to a maximum of ３５０ g C m‐２ . Fine root biomass was maintained near steadystate , at approximately ４５０ g C m‐２ , throughout succession , for a totalbiomass C inventory of about １４００ g m‐２ in the climax shrub‐dominatedcommunity . Total SOM in the top １０‐cm depth increased from about ３２００ gm‐２ to ５０００ g m‐２ over ４０ years , with the largest increases observed in theslow and NHC pools ( Figure １) , which have mean residence times of decadesto centuries . The regrow th of aboveground biomass and maintenance ofbelowground biomass and SOM indicate that this ecosystem is resilient to

　 Figure 2 A nnually repeated measurements o f
soil N H ＋

4 and NO －
3 pools during succession

in a burn chronosequence .

fire .

A pulse of available N was observed in the first ３‐４ years after a burn ,mainly in the form of NH ＋
４ （Figure ２ ) . This available N was likelyresponsible for vigorous grow th of herbaceous biomass following burning .Repeated measurements confirmed the validity of our chronosequenceapproach . Changes in net N mineralization during succession were notobserved due to high variability .

Conclusions Aboveground biomass and C stocks in SOM increased duringsuccession , corresponding to changes in shrub cover , while N availabilitypeaked in the first few years following burning . Maintenance of fine rootbiomass , provided by perennial grasses , appears to be critical to resilience ofecosystem structure and function in sagebrush steppe .

ReferencesCleary , M .B . , Pendall , E . , and Ewers , B .E . ( ２００７ ) . Journal o f A rid
Env ironments . DOI :１０ .１０１６ / j .jaridenv .２００７ .０７ .０１３ .Ewers , B .E . , and Pendall , E . (２００８ ) . Plant Ecology １９４ ,６７‐８３ , DOI １０ .
１００７ / s１１２５８‐００７‐９２７５‐z .
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Decline in land condition in Astrebla grassland during prolonged drought in Australia
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Introduction Mitchell grasses ( A strebla spp .) are arid tropical tussock grasses endemic to Australia which become dormantduring drought to escape desiccation and death . Drought is a regular feature of these grasslands . The Mitchell grasslands ofQueensland , Australia , cover ３３ ,８００ ,０００ ha , support １５％ of the cattle herd , more than ４０％ of the Merino sheep flock and
provide employment to ２５００‐３０００ people . The short‐term productivity of these grasslands declined as pasture yield was reducedin association with prolonged drought from ２００１ to the present . Many Mitchell grass tussocks failed to respond to reasonablerains during the ２００３‐０４ summer and this created concerns about extensive tussock death and hence reductions in long‐termproductivity and land condition . This paper presents preliminary results from surveys undertaken to quantify the extent oftussock death and resultant reduction in land condition .
Materials and methods A rapid appraisal technique ( Hassett et al . ２０００ ) was modified to assess pasture condition in westernQueensland during winter ２００５ and again in the same area in ２００６ . Nearly ６０００ observations of live and dead A strebla tussockdensity ( number /m２ ) and response ( grow th relative to the average) together with pasture species abundance were used toclassify １ ha sized roadside areas into A ( good) , B ( moderate) , C ( poor) or D ( degraded) condition classes .
Results and discussion Less than １０％ of observations of condition were assessed as being in A ( good) condition in ２００５ and
２００６ ( Figure １ ) . In ２００５ , ６０％ of observations were in B condition but this declined to ４１％ in ２００６ in association withcontinued drought and in conjunction with the frequency of C condition observations increasing from ３２％ to ５３％ . D conditionwas less than ５％ in each year . This decline in overall condition was associated with a reduction in live A strebla spp density andan increase in undesirable forbs and annual grass species . Orr and Phelps ( this volume) provided evidence that plant speciesdiversity analyses would strengthen the assessment of land condition in A strebla grassland . Historically , land condition in thesegrasslands has improved through seedling recruitment associated with improving summer rainfall . However , predictions ofgreater rainfall variability and increased incidence of drought associated with climate change may restrict future recovery .

Figure 1 The f requency ( ％ o f total observations) o f A ( good) , B (moderate) , C ( poor) and D (degraded) condition classes
in Queensland摧s M itchell grasslands in 2005 and 2006 .

Conclusions A strebla spp . are generally drought tolerant , but the severe drought conditions of ２００１‐２００６ resulted in tussockdeath and hence reduced land condition . Recovery may be limited under climate change scenarios of increasing droughts .
ReferencesHassett , R .C . , Wood , H .L . , Carter , J .O . and Danaher , T .J . ( ２０００ ) . A field method for statewide ground‐truthing of aspatial pasture grow th model . A ustralian Journal o f Ex perimental A griculture ４０ : １０６９‐７９ .Orr , D . M . and Phelps , D . G . ( ２００８ ) . Plant species diversity as an indicator of sustainable use of A strebla grasslands inAustralia .
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Estimation of tree height , biomass , and standing carbon in Miombo woodlands using radar
interferometry
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Introduction Miombo woodlands cover about two thirds of Mozambique and estimation of its productivity is critical because it
provides food , fiber , and fuel to ３９ million rural and １５ million urban communities in southern Africa . However due to roughterrain , these landscapes are usually inaccessible and satellite data has proven invaluable in deriving biomass at this scale , theintent of this study . A jackknife stepwise regression model was previously used with RADARSAT and Landsat NormalizedDifference Vegetation Index ( NDVI) to estimate aboveground peak biomass at １８ kgm‐２ ( Ribeiro et al . in press b) and thisstudy intends to compare these results to a radar interferometric method .
Approach A digital terrain model ( DTM ) that was derived from Shuttle Radar Topography Mission ( SRTM ) C‐bandinterferometric data was used to estimate tree height in the ４２０００ km２ Niassa Reserve in northern Mozambique . The Reserve is
７２％ Miombo woodlands that are subject to anthropogenic fires , elephant herbivory , and climatic control ( Ribeiro et al . in
press a) . T ree heights are estimated by simply subtracting a base‐level digital elevation model (DEM ) from a calibrated SRTMDTM . Allometric equations that were developed from canopy dominants are used to estimate aboveground savanna biomass andcarbon . Due to C‐band canopy penetration , underestimates of tree height results thus field plot data was used to calibrate theDTM to average tree height . However , base DEMs in developing countries , particularly Africa , are not usually available , thuswe explored the use of １) archived topographic maps ,２) a land cover bare‐ground binary mask DEM , ３) use of the １‐km globalDEM (GTOPO３０) and ４) the newly‐available SRTM C‐band backscatter data . The mask DEM is generated by overlay of thebare‐ground binary mask against the SRTM to derive ground elevations from the SRTM . The resulting point map of elevationswas spatially interpolated using thin plate spines with tension to derive a base‐level DEM . The best DEM for this use is theSRTM backscatter data . SRTM estimates of biomass will probably be less than the regression model estimate because it doesnot include grass biomass .
ReferencesRibeiro , N .S . , H . H . Shugart , and R .A . Washington‐Allen . in press a . The Effects of Fire and Elephants on SpeciesComposition and Structure of The Niassa Reserve , Northern Mozambique . Forest Ecology and Mangement .Ribeiro , N .S . , S . S . Saatchi , H . H . Shugart and R .A . Washington‐Allen . in press b . Remote Sensing of MiomboWoodland摧s Biomass and LAI using RADARSAT and Landsat ETM ＋ Data . Journal o f Geophysical Research( Biogeosciences) .
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Changes in range condition in the arid shrublands of Western Australia : application of spatial
and temporal analysis to long‐term monitoring data
Peter J Russell1 , Ian W W atson2 , Phil W E Thomas3 and Brien E Norton1

1 Curtin University , Locked Bag ２２ , Kalgoorlie , Western Australia ; E‐mail : p .russell ＠ cmae .curtin .edu .au ; ２ CSIRO ,Townsville , Queensland ; ３ Department of Agriculture and Food , Perth , Western Australia
Key words :monitoring , grazing , range condition , shrublands , GIS , WARMS
Introduction The effects of climate , herbivore grazing , fire and other natural and anthropogenic disturbances are reflected bychanges in range condition , driven by changes in soil and vegetation condition . When range condition is used in an ecologicalcontext , an improving trend implies an improvement in ecological or ecosystem integrity . In contrast , a declining trend impliesa reduction in integrity , otherwise known as natural resource degradation . This study integrated soil and vegetation conditionattributes into a quantitative index of range condition and mapped its variation through time across the shrublands of WesternAustralia , covering a total area of approximately ７６０ ,０００ km２ .
Methods and materials The analysis is based on a hierarchical suite of soil and vegetation indices derived from transect fieldmetrics acquired by the Western Australian Rangeland Monitoring System (WARMS) . WARMS is an extensive , long‐term ,
ground‐based system established in １９８１ to monitor range condition change in the pastoral rangelands and is operated by theDepartment of Agriculture and Food Western Australia ( DAFWA ) . By the end of ２００６ , ９８０ sites located on ３７７ pastoralleases existed at an average density of one site per ７７ ,７８０ hectares of pastoral shrubland . Data collection protocol has remainedessentially unchanged since １９９２ and new data is captured at each site on a ５‐year cycle( Watson , Novelly & Thomas ２００７ ) .The Shrubland Range Condition ( SRC) index and sub‐indices were partitioned into ４‐year time‐slices based on data capture dateand then spatio‐temporal maps showing relative range condition for each time‐slice and change between time‐slices , eachclassified into five classes , were produced using Geographic Information System ( GIS ) techniques . Change maps utilised anInverse Distance Weighted ( IDW) analysis technique to identify clusters of sites displaying similar change behaviour .
Results and discussion Local , regional and shrubland‐wide patterns of change are evident . In the northwest of the shrublands ,change in range condition is generally more spatially and temporally variable , greater in magnitude and involves larger clustersof sites compared to areas in the southeast . Many clusters of sites show alternate improvement and decline between time‐sliceswhilst several clusters in the Ashburton and Murchison catchments continued to decline over the last １５ years or so . For mostsites showing negative change , causal agent ( s ) of change , usually high grazing pressure but also fire and flood , could beinferred . Only two clusters of sites , located in the upper reaches of the Gascoyne River , steadily improved over the same
period . Most sites are in �Fair" condition in the Goldfields region and in �Poor" condition in the Nullarbor region , however ,the concern is that most of these sites in both regions also showed little or no change in range condition , despite a １０‐yearsequence of average or above average rainfall throughout much of the shrublands . The ecological response to grazing and otherdisturbances across the shrublands , reflected by change in the SRC index , appears to be related , at least in part , to drainagetype . In general , monitoring sites located in endorheic and arheic basins exhibit less change in range condition compared to siteslocated in exorheic catchments . This is interpreted to reflect differences in rates of incision and soil erosion fundamentallyrelated to ultimate and local drainage base levels . The regional insight provided by this study supports local field observationsmade by Pringle and Tinley (２００３ ) of certain critical hydrogeomorphic processes involved in land degradation .
Conclusions The combination of hierarchical index framework , use of time‐slices and GIS mapping techniques provides a potentanalysis platform for the elucidation of spatial and temporal change in range condition or ecological integrity at WARMS sites .The study has shown that natural resources in exorheic catchments are more susceptible to degradation . In this particularcatchment type , but also throughout the endorheic and arheic basins , much more ecologically benign land use practices must beimplemented to reverse range degradation in the shrublands of Western Australia .
ReferencesPringle , H . J . R . & Tinley , K . ( ２００３ ) , �Are we overlooking critical geomorphic determinants of landscape changeinAustralian rangelands ?�Ecological Management and Restoration , vol . ４ , no . ３ , pp . １８０‐１８６ .Watson , I . W . , Novelly , P . E . & Thomas , P . W . E . ( ２００７ ) ,�Monitoring changes in pastoral rangelands‐the WesternAustralian Rangeland Monitoring System (WARMS)�, The Rangeland Journal , vol . ２９ , no . ２ , pp . １９１‐２０５ .
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Modelling trade offs between ecological and economic performances in grazed grasslands :
importance of temporal stocking density
R . Sabatier 1 , M .T ichit 1 , L . Doyen2
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Introduction Recent changes in grassland management have led to increasing threats on farmland birds populations ( New ton ,
２００４) . Through its impact on sward structure , grazing can promote suitable habitats for ground nesting birds ( Tichit , Renaultand Potter , ２００５ ) . However it can also have negative side effects on birds dynamics through nest trampling . We developed acost effectiveness approach to asses the effect of nest trampling by cattle on the economic and ecological performances of grazed
grasslands .
Materials and methods To study trade offs between ecological and economic performances , we relied on a co‐viability model( Tichit et al . ２００７ ) . It comprises two interactive sub‐models describing : i) grazed sward dynamics and ii) a staged structuredstochastic matrix model of bird dynamics . Both sub‐models are linked through the direct and indirect effects of grazing on thedemographic parameters of two bird species . During incubation , stocking density has direct effects on bird fecundity throughnest trampling . The following month , sward height influences chicks摧 survival ( indirect effects) . The model predicted stockingdensity sequences satisfying both production constraints ( cattle feeding requirements) and ecological constraints ( sward heightand trampling thresholds during incubation and rearing stage) . We compared different grazing strategies leading to a definedecological objective according to their economic performance . Ecological criterion correspond to maximum reduction of １０％ inboth birds摧 populations after １５ years ( starting with １００ individuals at t ＝ ０ ) . Economic criterion was based on the avoidedfeeding cost permitted through grazing . Grass height constraints were defined so as to compel juvenile survival to be optimal .
Results Several grazing strategies satisfied the ecological criterion . However , the best ecological strategy was the worst on theeconomic viewpoint . The best economic strategy ensuring ecological objectives in the long term implied a ０ .５ LU .ha‐１ stockingconstraint in April and May . This strategy allowed an economic performance of ２３５ .８ ． ha‐１ （Figure １) and was consequently
２７％ less profitable than the best reachable economic performance . The initial grazing peak in spring was split in two . A first
peak appeared in March and another one in June . This illustrates a need to anticipate grass grow th so as to maintain suitablehabitats during the breeding months .

Figure 1 Ecological and economic per f ormances
f or di f f erent trampling intensities .

Figure 2 Shi f t in stocking density sequences
driven by tramp ling threshold .

Conclusions The trade off between economic and ecological performances is highly dependent on the stocking density sequences .A maximal economic performance seems to be sorely compatible with ecological outcomes . The impact of cattle trampling onwaders is all the more important since nesting occurs during the two months where grass grow th is the strongest . Even if itimplies lower economic performances , limited grazing is compatible with ecological goals and is essential to produce an optimalhabitat for waders . These results are useful to reflect on agri‐environment schemes aimed at both economic and ecologicalobjectives .
ReferencesI . New ton (２００４) . The recent declines of farmland bird populations in Britain : an appraisal of causal factors and conservationactions . Ibis , １４６ , ５７９‐６００ .M . Tichit , O . Renault and T . Potter ( ２００５ ) . Grazing regime as a tool to assess positive side effects of livestock farmingsystems on wading birds . L ivestock Production Science , ９６ , １０９‐１１７ .
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Definition of indicators for rangeland health in the Pantanal , Brazil
S . A . Santos1 , G . S . Souza2 , A . Desbiez3 , U . G . P .Abreu1
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Introduction The Pantanal is a vast floodplain that presents edaphic and hydrological heterogeneity , with several landscapes thatvary spatially and temporally . In these landscapes , there are several grassland types , generally dominated by one or moreforage species . Currently there is a need to understand and know the optimal state of each type of pasture to define appropriatemanagement strategies . The objective of this study is to evaluate a methodology to select indicators for natural pasture of thePantanal , Mato Grosso do Sul state , Brazil .
Materials and methods The study took place in the Nhumirim farm , Nhecol备ndia sub‐region , Pantanal , in natural pastures withdominance of A xonopus purpusii , located around ponds , in seasonally flooded areas , during the dry period , in August ２００７ .Seven different pasture states were evaluated , ranging from pastures in optimal state to dominated by non‐wanted grassesspecies such as A . bicornis or shrubs such as Vernonia scabra) . First , a principal component analysis was used to define thegradient in according to Gibson e Bosch (１９９６) . The following step was to evaluate the associations among percentages of plantspecies cover within the gradient and the direction for all states and for each state , through non‐parametric methods . Data wereanalyzed using SAS (２００４ ) .
Results The five determinant variables of the gradient direction were : plant cover , soil cover , average height , percentage ofdead matter and A xonopus purpusii cover . All variables were positively correlated with gradient direction . From ４４ identified
plant species , only five were considered indicators for monitoring and evaluation of this grassland type . Besides plants species ,other variables such as forage cover ( Figure １ ) , weed cover , forage number , weed number and leguminous number wereconsidered indicators .

Figure 1 Response curve o f Forage cover along states gradient ( p rincip al component f irst) .

Conclusions This methodology was adequate for the determination of indicators and it could be used in other types of pastures ofthe Pantanal .
ReferencesGibson RS , Bosch OJH (１９９６) . Indicator species for the interpretation of vegetation condition in the ST Bathans area , centralOtago , New Zealand . New Zealand Journal o f Ecology , ２０(２ ) , １６３‐１７２ .SAS Institute . (２００４) . SAS User摧s Guide . Statistics , Version ９ .１ . SA S Inst . , Inc . , Cary , NC .
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An operational monitoring program in the grasslands region of western Australian rangeland
Philip Thomas1 ,2 , A ndrew Craig1 ,3 and Paul Novelly 1 ,3
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Introduction The Western Australian Rangeland Monitoring System (WARMS) monitors and reports on the pastoral rangelandsof Western Australia . WARMS is a system of permanent sites for reporting at broad scales , such as by biogeographical regionor local government area .
Materials and methods The Kimberley and the Pilbara regions in Western Australia have extensive grasslands used forpastoralism i .e . commercial livestock production . To allocate the WARMS sites , the ２２０ published land systems (１０９ in theKimberley and １１１ in the Pilbara) were stratified into １２ major vegetation groups . The more productive vegetation types for
pastoral use were allocated more sites , hence tussock grasslands ( e .g . species of A strebla ,Chrysopogon , Eragrostis and
Cenchrus) received a higher density of sites than spinifex communities ( T riodia sp p ,Chrysopogon sp p and Eraichne ssp ) .
Table 1 Summary o f K imberley and Pilbara regions .

Region No .ofsites No .ofstations
Stationarea
( M ha)

No .ofCattle
( head)

Annualrainfall
( mm)

Tussock grasslands Spinifex communities
Total area
No . of sites

Averagearea persite ( ha)
Total area
No . of sites

Averagearea persite ( ha)
Kimberley ３８５  ８５ V２１ 蜒.４ ６００ ,０００ 弿５００‐１１００ 洓４ z.８ M ha １８ ,７００ 悙８  .２ M ha ６５ ,１００  

２５９ sites １２６ sites
Pilbara ２４８  ５８ V１３ 蜒.７ ４５０ ,０００ 弿３００‐４００ r２ z.３ M ha １６ ,４００ 悙６  .４ M ha ６０ ,７００  

１４４ sites １０４ sites
At each assessment , the frequency of perennial plants by species is recorded on １００ quadrats over a ０ .１３ha site . Estimates of crown cover byspecies of shrubs and trees over １metre are made . Details of site selection and assessment can be found in �Western Australian RangelandMonitoring System for Grasslands : field manual" Craig , Thomas and Watson (２００８) . Landscape function is also assessed , following Tongwayand Hindley (１９９５ ) .
Discussion WARMS commenced in １９９４ . Grassland sites are assessed on a three year cycle , thus by the end of ２００８ the fif thcycle of assessments will have been completed in the Kimberley . Analysis and reporting is by prescribed vegetation groupwithin each biogeographic region or other appropriate regionalisation . Reporting is to State and Federal Government and the
general pastoral community , rather than to individual pastoral enterprises . ( See associated paper by Watson , Thomas , Novellyand Craig in these proceedings) . Data for grassland sites are stored in Oracle and MS Access relational databases , with links toa medium resolution digital photo for each observation . Currently , for the ６３３ grass sites , there is a total of ２４５０ observations ,with many sites having ５ observations .
In designing and implementing a regional monitoring program , there is a need to consider the long term institutionalcommitment of the organisation undertaking the monitoring . There will always be a need to balance the number of sites neededfor meaningful reporting and the availability of resources required for their monitoring . Each year about １３０ sites are assessedin the Kimberley and ８５ in the Pilbara . Not every site will be able to be assessed in any given year . In the Kimberley , about
４％ of grass sites cannot be assessed because of recent fire and up to ３％ of sites are abandoned due to changes in fence lines andtracks . In the Pilbara burnt or abandoned sites are rare . Ancillary datasets such as , interpolated rainfall and NOAA NDVI ,and measures of stocking pressure are used to help tease out likely causal factors .
Conclusions WARMS is an established operating monitoring system of long term , objective data over expanses of the WesternAustralian rangelands . The system is designed for reporting on similar vegetation types at broad scales , rather than at the scaleof the individual enterprise .
ReferencesCraig , A . , Thomas , P . and Watson , I . , ( ２００８ ) . Western Australian Rangeland Monitoring System for Grasslands : fieldmanual .Tongway , D . and Hindley , N . , ( １９９５) . Assessment of Soil Condition of T ropical Grasslands .Novelly , P .E . , Watson , I .W . , Thomas , P .W .E . and Duckett , N . J . , ( ２００８ ) . The Western Australian RangelandMonitoring System (WARMS) — operating a regional scale monitoring system . ( The Rangeland Journal , in press)
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Procedures for estimation of the livestock ecological footprint in US drylands
Robert A . W ashington‐A llen1 and John E . M itchell2
1 Department o f Ecosystem Science and Management , Texas A &M University ,2 138 TAMU , College S tation , Texas 77843‐
2138 , USA , E‐mail : w ashington‐allen＠ tamu .edu
2 USDA‐Forest Serv ice Rocky Mountain Research Station , 2150 Centre A ve . , Building A , Fort Collins , Colorado 80526 ,
USA , E‐mail : j emitchell＠ f s .f ed .us

Introduction The ecological condition and trend of the United States摧３ ,９０２ ,０００ km‐２ of Drylands and the extent to which humanmanagement actions contribute to degradation are unknown at the national spatial scale (Washington‐Allen et al . ２００６ ) . Ourresearch seeks to develop procedures for determining the impact or ecological footprint of livestock grazing on the productivecapacity of Drylands at the national spatial scale .
Approach The study approach has been to develop a Geographic Information System ( GIS) consisting of digital maps of grossand net primary productivity ( GPP and NPP ) , U .S . Department of Agriculture National Agricultural Statistics Office
( NASO) national livestock number and distribution maps , transportation and power consumption networks , gridded climaticdata , land cover , and land use . Maps of GPP and NPP were derived from annually integrated normalized difference vegetationindex ( NDVI) from the Moderate Resolution Infrared Spectroradiometer ( MODIS ) and the Advanced Very High ResolutionRadiometer ( AVHRR) satellite data . Climatic data , particularly mean annual potential evapotranspiration [ MAPET , Zomer etal . (２００６) ] , was derived from the WORLDCLIM dataset developed by Hijmans et al . (２００５) .
Secondly , a Dryland extent map was generated using gridded population , transportation data , e .g . , data of roads andrailways , power consumption , land use/ land cover and aridity index ( AI) data in a subtractive overlay GIS procedure . AI is theUnited Nations Convention on Desertification摧s definition of Drylands where AI is the ratio of mean annual precipitation ( MAP)to MAPET that is ≤ ０ .６５ .
Thirdly , the NASO data is used to generate livestock number and distribution maps which are intersected with the drylandextent map to yield a livestock footprint map . Lastly , this footprint map is then converted to an annual requirement of foragemap and subtracted from a GPP map to yield a livestock appropriation of net primary productivity map ( LANPP) .
ReferencesHijmans , R .J . , S .E . Cameron , J .L . Parra , P .G . Jones and A . Jarvis , ( ２００５ ) . Very high resolution interpolated climatesurfaces for global land areas . International Journal of Climatology ２５ : １９６５‐１９７８ .Washington‐Allen , R .A . , R . D . Ramsey , N . E . West , and R . A . Efroymson . ( ２００６ ) . A Remote sensing‐based protocolfor assessing rangeland condition and trend . Rangeland Ecology and Management ５９ :１９‐２９ .Zomer , R . J . , T rabucco , A . , van Straaten , O . , and Bossio , D . A . ( ２００６ ) . Carbon , land and water : A global analysis ofthe hydrologic dimensions of climate change mitigation through afforestation/ reforestation and the Kyoto Protocol CleanDevelopment Mechanism . Colombo , Sri Lanka : International Water Management Institute . pp ４８ . IWMI Research Report

１０１ .
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Rangeland monitoring in the Kimberley region of Western Australia — changes in perennial grass
frequency
Ian W atson1 , Philip Thomas2 , 3 , Paul Novelly 2 , 4 and A ndrew Craig2 , 4
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Introduction The Western Australian Rangeland Monitoring System (WARMS) is used by the state government of WesternAustralia to help determine the impact of cattle grazing on rangelands in the pastoral region . These rangelands are leasehold ,owned by the Crown , and the government has a responsibility to ensure they are managed well .
Materials and methods WARMS consists of a set of permanent ground sites on which aspects of perennial vegetation dynamicsand soil surface condition are assessed (Watson et al . , ２００７) . Here we present data on perennial grass frequency from the sub‐set of ２８０ sites ( from a total of ３８３) that were assessed in the Kimberley region in each of the four assessment epochs . Epochsare sequential three year periods during which the sites were assessed . Epoch １ ( E１) was １９９４‐１９９５‐１９９６ ; E２ was １９９７‐１９９８‐
１９９９ ; E３ was ２０００‐２００１‐２００２ and E４ was ２００３‐２００４‐２００５ . Paired t‐tests were used to examine if the average perennial grassfrequency changed from epoch to epoch . The number of sites in which perennial grass frequency remained stable or increasedwas also calculated . Rainfall data and lease level statistics of cattle numbers were obtained from unpublished governmentdatabases .
Results and discussion The average perennial grass frequency on the ２８０ sites was ７７％ in E１ . It increased between E１ and E２
( p ＜ ０ .０１) and between E２ and E３ ( p ＜ ０ .０１ ) but not between E３ and E４ ( Table １ ) . Increased or stable frequencies werefound on about ７５％ of sites between E１ and E２ and over the subsequent period . Rainfall was typically above average from themid １９９０s to early ２０００s , followed by a relatively drier period . Cattle numbers increased from the mid １９９０s until early ２０００sand have not declined since .
Table 1 Comparisons o f change in perennial grass f requency ( ％ ) between epochs — K imberley WARMS sites .

Epoch comparison Average change in frequencybetween epochs p‐value Number of sites with stable orincreased frequency
E２ vs E１ 沣＋ ５ |.４ p ＜ ０  .０１ ２１０ 换
E３ vs E２ 沣＋ ４ |.２ p ＜ ０  .０１ ２１２ 换
E４ vs E３ 沣－ １ |.０ p ＝ ０  .２０ １６７ 换

Conclusions On its own , the increase and then stability in perennial grass frequency under commercial cattle grazing is afavourable result . However , seasonal conditions ( i .e . high rainfall) were clearly beneficial for the establishment of perennial
grasses for much of this time and we would expect frequency to increase . From the early ２０００s seasonal conditions became drierbut cattle numbers did not decline . This may be reflected in the plateau seen in perennial grass frequency between E３ and E４ ,raising concerns that cattle numbers have not been adjusted in line with drier seasonal conditions and may be adversely affectingthe rangelands . The fif th epoch ( E５) assessment will be finished by the end of ２００８ and this will show the changes in perennialgrass frequency since E４ , which should confirm if cattle numbers are too high . The results from this will be presented to landadministrators within the government of Western Australia .
ReferenceWatson , I . W . , Novelly , P . E . , Thomas , P . W . E . , ( ２００７ ) . Monitoring changes in pastoral rangelands — the WesternAustralian Rangeland Monitoring System (WARMS) . The Rangeland Journal ２９ , １９１‐２０５ .
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Physical and hydric characterization of a�red‐yellow dystrophic latossolo" under different tillage
system and grassland sytems
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Introduction The soil compaction of tillage systems are important soil degradation . The traffic of machines and animaltrampling , to promote the increasing of soils physics parameters used to available the soil compaction . Some of these
parameters are the compaction degree and soil penetration resistance . The limits adopted for these parameters are respectively :
７５％ and ２MPa for compaction degree and soil penetration resistance .
The objective of this work was to evaluate the degree of compaction and the soil penetration resistance under different tillagesystems and grassland systems .
Materials and methods The present study was conducted in Experimental Farm of University of the State of Minas Gerais ,Passos in a Red‐yellow dystrophic Latossolo . The systems were : No‐tillage system ( PDM ) , No‐tillage system irrigated( PDMI) , conventional planting system ( PCM ) , grass land ( PG) and Natural forest ( MN ) . The compaction degree ( GC ) itwas obtained by the relationship between soil bulk density and the maximum soil bulk density (Dsmax ) obtained from ProctorNormal test . The studies of soil penetration resistance ( RP) were made in undisturbed samples through a pocket penetrometer .Those samples were saturated and the RP determinations were accomplished in different water contents .
Results and discussion The GC values for the different systems were : PDM ＝ ７１ , ５％ , PDMI ＝ ７５ ,１％ , PCM ＝ ６９ ,７％ , PCMI
＝ ７５ ,２％ , PG ＝ ８９ ,２％ and MN ＝ ７２ ,１％ . Using the limit of ７５％ , it was observed that the systems : PG , PDMI and PCMI ,
present values higher than critical values . The soil compaction it is already happening . In the grassland , the animal tramplingcan be increasing the GC values . For the PDMI , the intense traffic of machines and the irrigation , increasing the GC values . InPCMI , although the soil was mobilized , the same effect that PDMI in increasing of GC value was observed . The no‐tillage , theirrigation system and traffic of machines to promoted the increasing in GC value . The soil penetration resistance , indicated thatthe grass land , was the system what presented the higher soil strucuture modification than other systems ( １ .９２ MPa ) ,followed by the no‐tillage irrigated and no‐tillage system of １ .９１ and １ .８８ MPa respectively .
Conclusion We conclude that the handlings PG , PDMI and PCMI , are presenting compaction tendencies and justify the Chizel
plow use .
Thanks Funda毕本o Renato Azeredo , FAPEMIG , CNPQ and MATSUDA MINAS .
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Heavy grazing of beef cattle combined with supplementary sowing to improve deteriorated
pastures
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Introduction There are more than ５００ ,０００ hm２ of improved pasture in Yunnan but about ２ /３ have significant deterioration .T rials were carried out on these deteriorated pastures after the beginning of the rainy season by a combination of heavy grazingwith beef cattle , controlled by electric fences , combined with supplementary sowing . The purpose of the trial was to determinethe efficacy of these techniques for renewing these improved but deteriorated pastures .
Materials and methods The trial was conducted on the pasture at Xiaoshao , Kunming ( East longitude １０３°００′ , north latitude
２５°１３′ ; elevation １９６０ meters ; annual rainfall ８８９mm ; annual temperatures １３ .４ ℃ ; latosolic soil) . At the beginning of thetrial , the average vegetation coverage was ８６ .１％ with vegetation mainly native grasses with only ３％ improved pasturespecies . The trial paddock area was ２６０m２ ; ５２ beef cattle of three‐way crossbreeding were used for the trail . The cattle weredivided into two groups (２６ herds per group) ; daily rotational grazing with ７ grazing‐intensity treatments ( head . hrs ./ m２ ) of :
０ , １ .１６ , ２ .３２ , ３ .４８ , ４ .６４ , ５ .８０ and ６ .９６ . Each treatment was designed with three replications and a random statisticaldesign . Supplementary sowing of pasture species was conducted on each pasture af ter grazing treatment . The species andsowing rate for supplementary planting was : Lolium perenne .cv .grasland nui ９kg / hm２

＋ T ri f lium repense . cv .Haifa ９kg /hm２ . The trial started in the rainy season . The output and the proportion of improved pasture species were recorded each year .
Results The output of two‐year pasture was increased by increased grazing intensity and reached the highest with the sixthtreatment ( See Table １) . The pasture output of each grazing treatment was significantly higher than the control group ( P ＜ ０ .
０１) . Heavy grazing caused the formation of small hillocks of ２０‐３０cm diameter , in what was otherwise usually hard immaturesoil . Pasture seeds had difficulty growing in the untreated soil which affected percent cover and biomass output .
Table 1 The Pasture Output o f Di f f erence T reatments (kg .DM / hm2 ) .
T reatment ( head .hr/m２ ) １ ( ck) ２  ３  ４ -５ :６ H７ ?
First year ８４eD １６４eD ６０４dC １０３６cB １３２８bA １４５８aA １４２８aA
Second year ９１８eC ２３０３dC ２６８６dC ４１８２cB ５１７９bcB ６６９８aA ５４４０bAB
mean ５０１eE １２３３dD １６４６dD ２６０９cC ３２５４bBC ４０７８aA ３４３４bAB
Note : Different small letters in the same row were significantly different at the P ＜ ０ .０５ level and capital letters in the same row were significantly different at the P
＜ ０ .０１ level .
The proportion of improved pasture species was increased by the different grazing intensities ( See Table ２ ) . The originalvegetation was reduced under the trampling of beef cattle and grow th of the seeded species was increased .
Table 2 The Pasture Proportion o f the Total Biomass o f the L and f or Di f f erent T reatments ( ％ ) .
T reatment( head .hr /m２ ) ０ ( ck) １ 崓.１６ ２ *.３２ ３ 破.４８ ４ 沣.６４ ５ �.８０ ６  .９６
First year ７ q.２ １３ 换.６ ４５ 刎.１ ７４ 趑.５ ８３  .２ ８０ -.４ ９４ J.１
Second year １９ 煙.８ ４７ 换.０ ５４ 刎.３ ７３ 趑.３ ８０  .０ ８３ -.２ ８６ J.５
mean １３ 煙.５ ３０ 换.３ ４９ 刎.７ ７３ 趑.９ ８１  .６ ８１ -.８ ９０ J.３

Conclusions The most effective methodology to restore deteriorated‐improved pasture was by use of electric fences , heavy grazing andsupplementary sowing . In ０‐６ .９６ head .hr/m２ of grazing intensity , the proportion of supplementary sowing pasture increased withincreasing grazing intensity . On degenerated pasture , the most beneficial grazing intensity was ５ .８０ head .hr/m２ .
ReferencesJiang W .L ,Wa QR , Liu X .Y . (１９９６) . Studies of Integrated Effects on Native Pasture Improvement by Sheep Night Penningin Guizhou Karst Region[ J] . ACTA Prataculturae Sinica . １ : １７‐２５ .Geng W C ,Ran F J ,Ma N ,et al .( ２００６ ) . Study on Establishing Pasture with Phytocide and Sheep Night Penning . ACTA
Prataculturae Sinica . ６ :３８‐４３ .
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Species area relationships in a mountainous agro‐pastoral ectone in northern China
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Introduction Species area relationships ( SAR) in plant communities have been characterized by species‐area curves that havebeen used in the literature to describe an increasing number of species with increasing area of habitat ( Scheiner , ２００３ ) . Themost widely applied models of SAR have been the exponential model [ S ＝ c ＋ z log A (１) ] and the power‐law model [ log S ＝ c
＋ z log A (２) ] ( Jon , ２００３) , where S is the number of species in the habitat whose area was A , and c and z coefficients wereconstant . The objective of our study was to determine the best‐fit model of SAR for a mountainous plant community in theagro‐pasture transition zone in northern China .
Materials and methods This study was conducted in a rangeland ecosystem , state‐level field science observation and researchstation in Guyuan of Hebei Province in China ( １１５°４１′ E , ４１°４９′ N ) , which is located in a typical agro‐pastoral transitionregion in northern China ( Huang et al . , ２００７) . This study site contains nine mountains surrounded by farmland , where flaxand naked‐oat are the main economic crops . The research sites , which have more than ５０ years�history of cultivation , arelocated between １５ and ２５‐km northwest of the station . Three transects were set up from the foot to the top of every southernslope in the study area in August , ２００７ to establish a continuous elevation gradient ( １４００ m‐１５００ m) . Each transect was １０ mwide and ６０‐８０m long . The total number of quadrats was １８９ , each １ × １m２ . In each quadrat , all species were identified .Species‐area curves were constructed for both models . Model fit was evaluated and compared using the adjusted r２ value ( Jon etal . ２００３) . Species‐area curves were tested using SAS ９ .０ procedures for linear regression .
Result SAR relationships for both the exponential model and the power model for Mountains in the agriculture zone exhibited astrongly linear relationship ( Table １ ) . The power model had a slightly better fit ( adjusted r２ ０ .８３) than the exponential model( adjusted r２ ０畅８０） ．

　 　 Figure 1 Ex ponential species‐area curves ( a) n ＝ 9
mountains ; power species‐area curves ( b ) n ＝ 9
mountains .

Table 1 Comparison o f both models o f SA R .
Type of model Model Adj r２ 櫃P
exponential S ＝ １０ 厖.３２ ＋ ２４ .１２ log A ０ 乙.８０ ０ c.０００７
power log S ＝ １ 祆.２０ ＋ ０ .３１ log A ０ 乙.８３ ０ c.０００４
Conclusion Our research shows the species‐area relationship which is most appropriately described by the power model ( equation
２ , Figure １b) for these mountains ecosystems in Agro‐pastoral transition zone .
ReferencesD .Huang , K . Wang , W .L . Wu . ( ２００７ ) . Dynamics of soil physical and chemical properties and vegetation successioncharacteristics during grassland desertification under sheep grazing in an agro‐pastoral transition zone in Northern China .

Journal o f A rid Env ironments ７０ , １２０‐１３６ .Jon E . Keeley and C . J . Fotheringham . ( ２００３ ) . Species — area relationships in Mediterranean climate plant communities .
Journal o f Biogeography ３０ , １６２９‐１６５７ .Scheiner , S . M . (２００３) . Six types of species‐area curves . Global Ecol . Biogeogr . １２ , ４４１‐４４７ .
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The influences of land use patterns on wind erosion of meadow grasslands
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Introduction More than half of the world摧s pasturelands are overgrazed and subject to erosive degradation ( Pimentel et al .
１９９５ ) . Climate change and human economic activities in arid areas have increased the deleterious impacts of wind erosion ( Shi PJ et al .２００４ ) . This study examined the effects of land‐use patterns on the ability meadow grasslands to resist wind erosion .
Materials and methods The research site was located in Xieertala in Hulunbeier , which is located in the transition area betweenthe west Daxinanling and the Mongolian Plateau . The grazing intensity in these pastures was related to the vegetation coverwhich was , in turn , related to the distance from the inhabited area . The vegetation cover of pasture at the following distancesfrom the inhabited area :１５０m , １０００m , ２５００m was ２０％ ,４０％ and ６０％ , respectively with corresponding grazing intensitiesconsidered as mild , moderate and severe . Croplands were also present within the meadow grassland at a distance of １３００m ,where summer wheat was grown that was then tilled after harvest . In a representative point within each sample plot , weexcavated a soil sample of a length , width and height of ９５cm ,３０cm ,２０cm in October ２００６ . A vegetation survey was conductedaround each sample point of the meadow grassland , in August ２００６ . The survey items included the vegetation cover , speciescomposition and the aboveground biomass of various plant species .
Results As grazing intensity increased , the change of plant species and reduction of vegetation cover increased the potential forwind erosion of the soil . When the meadow grassland was mildly grazed , the vegetation cover maintained about ６０％ , whichreduced the amount of soil erosion even at wind speeds of ２５ m/ s . When the vegetation cover of meadow grassland was reducedto less than ３５％ , soil erosion rapidly increased at lower wind speeds .
Table 1 E f f ects o f land using on the vegetation .
Land using Patterns
g /m２ F

total of plantspecies plant speciesinper square covermeter overground
％

litter biomass
g /m２ 屯

mild grazing ４９ 煙２３ y.８ ± ４ .７ ６３ ± ５ 哌.７ １８８ \.５５ ± ５７ .９９ ９１ `.４７ ± ３１ .６２
moderate grazing ４８ 煙１８ y.４ ± ２ .８ ４２ ± ６ 哌.４ ９９ ..２０ ± １１ .６４ ６４ `.６３ ± １７ .３１
severe grazing ３５ 煙１８ ± ３  .５ ２２ ± ５ 哌.６ ４６ ..７５ ± １４ .８ ２３ `.６１ ± ８ .４
No‐tillage cropland ０ q０ K０ &０ ０ 2
Table 2 Dominance o f main p lant species under di f f erent land using patterns .
mild grazing moderate grazing severe grazing
species dominance species dominance species dominance
S .baicalensis ０ M.２１８６８ A .chinense ０ &.４００８ C .korshinskyi ０ �.３５９９
A .chinense ０ M.１８２９８ C .korshinskyi ０ &.１７９５ C .squarrosa ０ �.２２５３
C . pediformis ０ M.１１２０３ C .squarrosa ０ &.１０９３ P .turczaninovii ０ �.０２２０
P .chinensis ０ M.０７２０８ A .laciniata ０ &.０４１１ A .chinense ０ �.０２１２

Table 3 Relationship between land use and the rate o f w ind erosion under di f f erent w ind speed . g . (m２ .min) ‐１
Wind speed m 爛 s‐１ mild grazing Moderate grazing Severe grazing No‐tillage cropland
１５  ０ 哌０ 葺２ 苘.０３ ２ 谮.９４
２０  ０ 哌０ 葺.８８ ３ 苘.１６ ７ 谮.２１
２５  ０ 哌.０５ １ 葺.５６ ９ 苘.７２ ６８  .１２

Conclusions When the Hulunbeier meadow grassland is mildly grazed with vegetation cover maintained about ６０％ , thedominant species of the community are Stipa baicalensis and A .chinensis , and the vegetation system can maintain it摧s integrityagainst wind erosion . The mild grazing is , therefore , a sustainable land utilization mode . Correspondingly , the other landutilization modes in the experiment can cause serious wind erosion , especially in the no‐tillage cropland within the meadow
grassland . As the no‐tillage cropland has reduced vegetation the soil wind erosion rates achieve ６８２ .１kg / hm２ when the windspeed is ２５ m/ s , which approaches the average formation quantity of soil (１０００kg / hm２ ) in a year .
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Dynamics of module structures in Puccinellina tenui f lora clones in alkalinized meadow in the
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Introduction Puccinellina tenui f lora , a perennial tuft grass ( Puccinellia ) , is broadly distributed in alkali meadows on theSongnen Plains , tolerates salt and alkali stress , and forms large‐area monodominant communities in alkali‐patches that have lowlevels of surface soil ( Yang et al , １９９５ ) . Previous studies have characterized vegetative propagation and sexual reproduction ,the effect of different methods of utilization on the dormancy , and phenotypic plasticity and prolonged reproductive grow th
( Yang et al , １９９５ ; Zhang et al , ２００６ ; Sun et al , ２００７ ) . The objective of this study was to characterize the relationshipsbetween vegetative and , reproductive tiller production and their biomass at heading and ripening stages of P . tenui f lora clones .These relationships may improve our understanding of P . tenui f lora population ecology and provided scientific guidance forgrassland management in this region .
Materials and methods The research was conducted in natual alkali meadows , located at the Pasture Ecology Research Station ofNortheast Normal University , Changling , Jilin province of China ( ４４°４５′N , １２３°３１′E) which has a temperate , half‐humid ,continental‐monsoon climate . Sample plots were located in mono‐communities of P . tenui f lora . Whole clones were sampled atheading and ripening stages of P . tenui f lora . Thirty clones were taken from random locations at each grow th stage . The tuftdiameters were measured , and the number and biomass of total tillers , vegetative tillers and reproductive tillers were counted
and weighted , respectively . The number and biomass of each module were analyzed and tested by one‐way ANOVA .
Results The tuft diameters of P . tenui f lora clones were １１ .０ ± １ .９ cm and １３ .６ ± ２ .２ cm at heading and ripening stages ,
respectively . The numbers and percents of vegetative and reproductive tillers were not significant ( p ＞ ０ .０５ ) at two stages
( Table １) , indicating the quantitative structures of clones didn摧t change with grow th stages . The biomass of each module wassignificantly higher at ripening stage than that at heading stage ( p ＜ ０ .０５ ) , and the biomass of vegetative and reproductivetillers at ripening stages were １ .５６ and １ .４５ times compared with that at heading stage . The differences in percent of the
biomass in vegetative and reproductive tillers was not significant ( p ＞ ０ .０５) . This indicated that the biomass structures of P .
tenui f lora clones didn摧t change during different grow th stages .
Table 1 Quantitative characters o f the modules o f P . tenuiflora clones in di f f erent grow th stages .

Quantitative
characters

Grow th
period

Vegetative tiller Reproductive tiller Total
Mean ± SD Percent ( ％ ) Mean ± SD Percent ( ％ ) Mean ± SD Percent( ％ )

Tillers Heading ３３ 栽.６ ± １５ .０a ３２ H.３ ± ７９ .０a ７２ 技.４ ± ２９ .１a ６７ 0.７ ± ０ .１a １０６ 屯.０ ± ３３ .９a １００ A
( clone‐１ ) Ripening ３２ ± １９ x.０a ３０ H.３ ± ０ .１a ７０ 技.７ ± ２６ .３a ６９ 0.７ ± ０ .１a １０２ 屯.７ ± ３５ .２a １００ A
Biomass Heading １ ǐ.７ ± ０ .９a １５ H.４ ± ０ .１a ８ 摀.７ ± ４ .７a ８４ 0.６ ± ０ .１a １０ い.５ ± ４ .０a １００ A
( g 爛 clone‐１ ) Ripening ２ ǐ.６ ± １ .８b １７ H.５ ± ０ .１a １２ 技.６ ± ４ .２６b ８２ 0.５ ± ０ .１a １５ い.２ ± ４ .６b １００ A

Conclusions The reproductive tillers were dominant in P . tenui f lora clones , and the dominance of biomass was much moreobvious than that of tiller numbers . From heading to ripening stage , both the number and biomass of P . tenui f lora clonalmodules were relatively stable . The clones could regulate the vegetative propagation , sexual reproduction , production andallocation of nutrition substance as plant populations .
ReferencesSun J . , Yang Y . F . ( ２００７ ) . Phenotypic plasticity and its regulation of tillers prolonged reproductive grow th of Puccinelliatenuiflora population on alkalized meadow in Songnen Plains of China . Chinese Journal o f Ecology , １８ (４) : ７７１‐７７６ .Yang Y .F . , Zhu L . , Li J .D . (１９９５) . Quantitative characters of vegetative propagation and sexual reproduction of Puccinelliatenuiflora population on alkalized meadow of Songnen Plain , China . Chinese Journal o f A p p lied Ecology , ６ (２ ) : １６６‐１７１ .Zhang L . H . , Zhao J . M . , Yang Y . F . (２００６) . Influences of the dormancy modules of Puccinellia tenuiflora population underusing for grazing and cutting in alkaline meadow . Pratacultural Science , ２３(４) : ８‐１１ .
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Introduction The Khanasser Valley is located in northwestern Syria . The current biodiversity of this area is degraded andunpalatable species dominate this area ( Peganum harmala , Noaea mucronata) . Two sites were selected in the foothills ofKhanasser Valley to study the biodiversity , herbaceous and shrub biomass , species frequency , species density ; speciescover％ , and economic uses of native plants . At each site were three treatments : １ ) open grazing , ２ ) fenced plot , and ３ )improved fenced plot . The main objective of the study was to evaluate rehabilitation of degraded areas by planting adapted and
palatable species of fodder shrubs and perennial grasses and legumes such as : Poa bulbosa , Dacty lis glomerata , Medicago
radiata ,Salsola vermiculata , and A trip lex halimu . The study was conducted during １９９９‐２００４ .
Material and methods The study involved determining : １ ) plant diversity , ２ ) vegetation characteristics ( vegetation cover％ ,biomass of herbaceous and shrubs , species composition) , ３) plant community characteristics , ４) plant uses , and ５) selection ofadapted and palatable species for improving sites .
Results A total of １２０ species were observed in the fenced plot and the use of these species ( palatable for sheep , medicinal
plant , food , fuel , prevent erosion) were recorded . Only ５０ species were found in the open grazing plot , and most of thesespecies were unpalatable and poisonous .
Table 1 Multip le uses o f major native species .
Species Forage Food Improving soil fertility Medicinal Prevent erosion
Medicago radiata √ √

Hordeum murinum √

Teucrium polium √ √ √

Cap paris sp inosa √ √ √

Peganum harmala √ √

Herbaceous biomass in the fenced plot was ４８５ kg / ha and in the open grazing plot was １００ kg / ha . Shrub biomass in theimproved plot was ２００ kg / ha , in the natural fenced plot was ４０ kg / ha , while in the open grazing area was ７ kg / ha . The mostcommon plant community contained Hordeum murinum and Teucrium polium . The highest species composition％ wasobserved for Hordeum murinum with ４２％ and Noaea mucronata with ２７％ .

Figure 1 Biomass ( t / ha) f or herbs , shrubs at two sites .
　 　 　

Figure 2 Plant , stone , soil , bare cover％ f or two sites .
The best adapted and palatable species on the improved site included : trees ( Pistacia atlantica) , shrubs ( A trip lex halimus ,
A rtemisia herba‐alba , H aloxylon aphy llum , Salsola vermiculata ) , perennial grasses ( Oryzopsis miliacea , Phalaris
tuberosa , Dacty lis glomerata ) , and annual legumes ( Medicago radiata , T ri f olium tomentosum , A stragalus asterias ,
T rigonella monspeliaca) .
ReferenceGiven , D .R . , (１９９４ ) . Principles and Practice of Plant Conservation , Lincoln University , New Zealand . London : Chapman
and H all .
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Introduction Nuclear techniques play an increasingly valuable and often unique role in agricultural research and development .They are one of the tools to solve problems for agriculture or natural resources which cannot be solved using conventionaltechniques . In this paper , the research activities carried out and the achievements so far obtained in the agricultural specialtieswith particular reference to pasture/ range management — all by using nuclear techniques — will be given .
Soil Nuclear techniques are used to trace fertilizers to determine the best form , timing , and placement to avoid waste and toreduce its movement into the environment . Others are used to detect , measure , and track fertilizer‐supplied nutrients in soiland plants ; determine the availability of soil moisture ; promote the natural process of nitrogen fixation . Nitrogen‐１５ ( １５ N) andthe soil‐moisture neutron probe are nuclear techniques to determine the fate of applied N , to follow water and nitrate movementin the soil . Nuclear techniques like using fallout radionuclide to measure soil erosion are fully documented . Fallout radionuclides
( FRNs) , such as １３７Cs , ２１０ Pb and ７Be , have proven to be very powerful tracers of soil movements and soil erosionmeasurements . Much of this work involves １３７Cs to quantify soil loss risks at the watershed scale . Isotopic analysis
( particularly of chlorine) is being used to monitor the movement of saline water and to assess the suitability of the salt‐tolerantplants .
Livestock Doubly labeled water ( １８O and ２ H labeled) method is for estimating of energy expenditures of grazing animals , bodycomposition , basal metabolic rate , and milk output . NaH１４ CO３ / NaH１４ CO３ infusion is for estimating of the carbon dioxide
production which in turn is used to estimate energy expenditure in free‐ranging animals . ELISA (Enz yme L inked Immuno
Sorbent A ssay ) is a specific kit which can be used to diagnose low levels of disease at laboratory level . It is well known for itsuse in the campaign to eradicate rinderpest ( infectious bacterial disease of cattle and sheep) in Africa . Adding radioactive andstable isotopes in producing of feed supplement as markers to determine how feed material is digested , how the differentnutrients are utilized and to discover any deficiency or imbalance in nutrients .
Plant , pest and weed management Improved plant varieties can be produced by mutation breeding e .g . gamma irradiation . It has
produced varieties with ability to withstand flooding and tolerance of drought stress . In West Africa , sorghum , is undergoingirradiation treatment and , in field trials , some of the new mutant varieties produced have demonstrated increases yield of ３０‐
５０％ , higher protein content and earlier maturation compared to local cultivars .
Sterile Insect Technique ( SIT ) is one of the well‐known nuclear‐based methods to eradicate dangerous insects and pests . Themales are irradiated with gamma radiation , which renders them . Then the large numbers of sterile males released out and nooffspring result from these sterile mating . Nuclear Polyhedrosis Virus ( NPV ) is a lower cost and new solution instead ofchemical sprays to control the pest . The herbicide , N‐phosphonomethyl glycine ( glyphosate) , is a non‐selective foliage‐appliedherbicide used extensively for the control of many types of perennial weeds .
Conclusions Isotopes and nuclear techniques are very crucial in understanding how various factors influence water‐soil‐plant‐livestock interrelationship in pasture and rangeland ecosystems . Nuclear techniques provide particularly strong tools tounderstand the mechanisms by which nutrients and water interact . There has been little development of this techniqueapplications in range and pasture management directly . Until now , most attempts have been done to apply the technique toimprove agricultural products supply for human demand in developing countries .
ReferencesHalitligil M . B . , (１９９４) . Achievements obtained in agricultural research by using nuclear techniques in turkey .Turkish Atomic Energy Authority , Ankara Nuclear Research Center in Agriculture and Animal Sciences , Turkey .IAEA , ( １９９４ ) . Nuclear Techniques in Soil‐Plant Studies for Sustainable Agriculture and Environmental Preservation .Proceedings of a Symposium , １７‐２１ October , Vienna , Austria .
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Initial study on the construction of evaluation index system of the herdsman rights and interests
protection — Taking Tianshan pasture of Urumqi , Xinjiang as an example
Ao Y ing ,Feng L i‐tao ,Chen Wei‐f eng
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Abstract At present the study of the protection of herdsman rights and interests is comparatively unspecific , lacking important
qualitative analysis and necessary quantitative analysis , especially in the use of indicators to measure the level of the protectionof herdsman rights and interests . In this paper , following the scientific , practical and simple principles , it constructs theevaluation index system of the herdsman rights and interests protection , and with AHP method it determines the variousindicators weight , which fills the blank of the construction of the protection index system of herdsman rights and interests .
Key words :Grassland Law , evaluation , construction of herdsman rights and interests protection system , Analytic HierarchyProcess ( AHP)
Preface The major community of herdsman is the minorities in remote regions . The protection of their rights and interests
The necessity of constructing evaluation index system At present the harm to the herdsmen rights and interests is a serious
problem facing the remote ethnic minority areas in China . As herdsmen begin to settle down , they lead a better life andgradually withdraw from the nomadic life . As the masters of grassland , the protection of their rights and interests is especiallyimportant .
The construction of evaluation model By using Analytic Hierarchy Process ( AHP) the paper determines the weights . With thecombination of qualitative and quantitative factors in the decision‐making process it establishes judgment matrix , sortingcomputation and consistency test , which explains man摧s subjectivity in terms of quantity .
Table 1 Overall Sorting Level .

Level A
Level C

B１ 鬃B２ wB３

０ y.２０ ０  .６０ ０ 父.２０
Overall sorting ( Final weight of each factor)

W i ＝ ∑
m

i ＝ １

biCij

C１  ０ y.２０ ０ ^０ �０ ^.０４
C２  ０ y.６０ ０ ^０ �０ ^.１２
C３  ０ y.２０ ０ ^０ �０ ^.０４
C４  ０ 揪０  .０２８ ０ �０ G.０１２
C５  ０ 揪０  .２６ ０ �０ G.１５６
C６  ０ 揪０  .１４ ０ �０ G.０８９
C７  ０ 揪０  .１３２ ０ �０ G.０７９
C８  ０ 揪０  .２１ ０ �０ G.１２６
C９  ０ 揪０  .２３ ０ �０ G.１３８
C１０ ０ 揪０ ^０ 父.１４ ０ G.０２８
C１１ ０ 揪０ ^０ 父.７２ ０ G.１４４
C１２ ０ 揪０ ^０ 父.１４ ０ G.０２８

Conclusions By using AHP this paper determines the index system weight of protecting the rights and interests of herdsmen ,obtaining evaluation index and importance value such as the reasonable utilization of resources , resistance of grasslanddisasters , scientific cultivation and raising livestock , implementation of keeping the balance of grassland and livestock , thesettlement of herdsmen , raising their legal awareness , grassland compensation in place , the perfection of contract operationright , infrastructure construction of pastoral area , the protection of grassland management and rational development of otherindustries , which provide a decision‐making basis for the protection of herdsman rights and interests , environmentalimprovement and sustainable development of animal husbandry .
ReferencesSong Yin‐jing . Construction of Protection Index System of Farmer摧s Right in the Process of Building New Countryside , Rural

Economy and Science and Technology , ２００６ , (１２ ) : ９６ .Wang Xin . Protection of Farmer摧s Rights and Interests in the Construction of New Countryside , Climbing , ２００７ , (４ ) : ２１‐１９‐
２３ .
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The effect of the exclude on the improvement of the rangelands in Hamadan province , Iran
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Introduction Study of vegetation changes of grazed and ungrazed rangelands is most important in range management programs
( Tuckel , T . １９８４ ) . Vegetation changes were studied for four years ( ２０００‐２００３ ) inside and outside of the exclosure in Gianrangelands of Hamadan province . West at al reported that insipid of good rainfall in U tah semi desert rangeland no significantincrease in grassland production (West , at al .１９９８) .
Material and method Measurements were made in permanent plots that have been established in study areas since ２０００ . Forage
production was measured in randomized plots each year . Data were compared whit T test analysis .
Results The cover of all plant forms , such as shrubs , grasses and forbs increased significantly inside of exclosure in this period
( Figure １ ) . Decreases , increasers and invaders decreased inside , but outside of exclosure there was an opposite trend .Frequency of good quality plants increased inside and decreased outside . Range condition increased from poor to fair inside anddecreased to very poor outside of exclosure . Overall , a positive and negative trend was observed inside and outside the exclosurearea ( Figure ２) .

Figure 1 Production G radient curve o f vegetative
f orm in inside exclusure .

　 　 　

Figure 2 Production G radient (K g/ ha) in
inside and outside o f exclosure .

Conclusions In second year of study , rainfall was greater than others . In final year annual precipitation was more than first yearbut seasonal rainfall that is effective in grow th , was less than first year . Relationship between species canopy cover and annualand seasonal rainfall evaluated , however the correlation coefficient between rainfall and some species was significant . Overall ,in comparison inside and outside , exclosure improved vegetation condition , forage production and range condition , under thisclimatic .
ReferencesWest , N . E . , Provenza , F . D . , Johnson , P . S . , and Owens , M . K . , ( １９９８ ) . Vegetation Change after １３ Years ofLivestock Grazing Exclusion on Sagebrush semi desert in West Central U tah . J . Range Manage . ３７ (３) : ２６２‐２６４ .Tuckel , T . (１９８４) . Comparison of grazed and protected mountain steppe rangeland in Ulukisla , Turkey . J . Range Manage .

３７ : １３３‐１３５ .
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Simulation tools and pastoral resources dynamics in Sahelian area : the Senegalese example
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Introduction The Sahelian area in Africa is characterized by multi‐uses of the space and resources determined by a set of very
precarious bioclimatic and social economic factors . This coexistence between several complementary production systems iscurrently the theatre of a space competition to access to natural resources . At the heart of these spaces , resource and actorstrong interactions , several scientific methods and research tools are trying to apprehend and model the functioning anddurability of these surroundings . How then a common approach or concomitant approaches can be built to contribute towardspiloting agricultural ecological and social economic systems ? The aim of this paper is to show the contributions of multi‐agentsimulation and GIS to the understanding of the complex dynamics underlying the evolution of natural resources in the pastoralarea in Senegal .
Materials and methods The analysis of the functioning of a production system as complex as pastoralism required the setting‐upof a multi‐disciplinary team of research in partnership around scientific stakes and development on workshop sites representativeof the Sahel pastoral spaces . At the heart of the present approach , complementary tools were instructed :‐１‐for inventory‐diagnosis ( investigations , polls , interview guides , positioning ) . . . ,‐２‐for representation and working out knowledge bases
( speech analysis , working groups , self cartographical design , workshop result sharing validating ) . . .‐３‐for accompanying themodelling process ( participative multi‐agent systems design , co‐working out of rules , role playing , and scenario , etc) to better
grasp the multifunctionality of shared spaces and common resources . The first tools made it possible to better conceptualize thechosen study fields and check the research hypotheses . The second tool category promoted knowledge deepening and itsreproduction expression or communication media . The last battery of tools formalized and crystallized the set of information andknowledge in simulation prospective and exploratory models .
Results and discussion Many experiments were carried out by our team in the field of the development of simulation tools for
pastoralism combining GIS , Agent‐based models ( Figure １) and role playing games (Bah and al . ２００６) ( Touré and al . ２００６) .This research work made it possible :‐Starting from a dialogue , discussion and negotiation framework to set up different actorsaround common stakes of sustainable development of the space of those resources‐To design platforms and simulators withinterfaces adapted to the actors perception ;‐To clarify and formalize local knowledge between researchers and actors .
Conclusions The current research work is moving towards the formalization of an adaptable heuristic and generic approach : TheActor‐Group‐Role‐Resource‐Object method ( AGRRO) which is supported by a generic platform ( Figure ２ ) . But we can noteaccording to our experience that the co‐building and learning process is quite long and onerous even if the appropriation and theuse of results from models by the actors is very satisfactory .

Figure 1 The simulation space o f the Pastoral Unit o f
Thieul ( Senegal) .

　 　 　

Figure 2 AGRRO p lat f orm .

ReferencesBah A . ,Touré I . ,Ickowicz A . ,Le Page Ch . ,Diop A .T . ,(２００６) . An agent‐based model to understand the multiple uses ofland and resources around drillings in Sahel , In : Mathematical and computer modelling (２００６) vol .４４ :n ５‐６ , p . ５１３‐５３４ .Touré I . Bah A . ,D摧Aquino P . , Dia I . (２００４) . Savoirs experts et savoirs locaux pour la coélaboration d摧outils cartographiquesd摧aide à la décision Cahiers d摧études et de recherches francophones / Agricultures . Numéro １３ , volume ６ , pp ５４６‐５５３ ,Novembre‐Décembre ２００４ ,Outils et méthodes ISSN １１６６‐７６９９ .
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The impact of overgrazing on needlegrass‐peashrub‐forbs community
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Introduction Grasslands serve as part of the daily chain of domestic animals and wildlife for food and survival . There is a need tocreate an ecologically‐based system to optimize management of livestock production and biodiversity conservation . The resultsshow to information on the vegetation structure and coverage of the soil surface with needlegrass‐peashrub‐forbs type thetransition due to overgrazing . The high grazing pressure was significantly reduced productivity and changed vegetation structureand soil properties . The heavier grazing areas had increased densities of Artemisia Adamsii , A .frigida , Carex duriuscula andSalsola collina and reduced plant diversity .
Methods We considered the following principles such as changes in composition of species , weedy plant invasion , andproductivity of economically useful plant groups and changes in their ratios as indicators of degradation . The line point interceptmethod for species richness and soil surface cover was used . １７ indicators were used for the rating of degradation level .
Results The research shows that stocking density above the carrying capacity caused variation in the vegetation structure and soil
properties and is distinguished by relative differences between plant community pathways in steppe area ( Figure １ , ２) .

Figure 1 Vegetation characteristic and degradation
level o f a p lant community .

　 　

Figure 2 Transition pathway摧s o f a p lant community .

The normal needlegrass‐peashrub‐forbs community is canopy cover‐６０‐６５％ of the soil surface , bare ground‐３５‐４０％ , and
perennial grasses cover is more than ３５‐４０％ . As compared to the normal community were the bare ground increased by １２‐
１５％ between community pathways and canopy cover decreased by ３‐３４ .５％ and perennial grasses decreased by ３‐１２ .３％ . Thesurface layer and nutrient were lost in the overgrazed areas and invasive weeds were increased . The percentage of unpalatableand lower value herbs such as Artemesia adamsii , A .frigida , Carex duriuscula and Salsola collina predominated . Over grazingreduced the permanent grasses and their capability to recover ( see Figure １) . Grasses were replaced by shallow‐rooted , annualplants of inferior grazing value .
Conclusions The grazing pressure changed the primary characteristics in plant community structure . A proper balance betweenthe number of the livestock and available forage must be maintained by continuous and careful observation of the vigour of
grasses on the pasture .
ReferenceJeffrey E . Herrick , Justin W . Van Zee , Kris M . Havstad , Laura M . Burkett and Walter G . Whitford , ( ２００５ ) .MonitoringManual for Grassland , Shrubland and Savanna Ecosystems ９‐１５p .
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Cymbopogon nardus , a grass weed in the rangelands of Uganda : impact on plant species
biodiversity and livestock performance
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Introduction Cymbopogon nardus is a dreaded and undesirable ( Marshall et al . １９６９) noxious grass of south‐western Ugandarangelands . The species has replaced the indigenous grass species of the area notably Hyparrhenia spp . and is spreading fast to
other areas . It is a tussock grass that establishes naturally from seed with leaves that contain aromatic oils , which impart a
bitter taste . The species has leaves that have a rough texture . It grows fast and builds up thick coarse vegetation difficult to
traverse by both humans and cattle . The canopy of a well grown plant can cover an area of up to ２ m in diameter . Due to itshigh competitiveness , the species establishes quickly in overgrazed and burnt areas and maintains dominance over other species .
It is unpalatable to both domestic and wild game except at the young leaf stage . A study was conducted to determine impact of
Cymbopogon nardus on plant species biodiversity and livestock performance in the pastoral systems of south‐western Uganda .
Materials and methods Plant species prevalence was determined on three sites visually characterized by low , medium and high‐
density prevalence of Cymbopogon nardus along a ５００m transect using a １ x １m quadrat laid at ５m intervals along the transect .An estimate of percent basal cover of each species within the quadrat and at each of the sites was made . Percent cover of eachspecies on each site was computed for each site . In another study on １５ cattle ranches , plant species prevalence was estimated
also along a ５００m transect and at ５m intervals using a １x１m quadrat . Forage biomass productivity on the ranches was estimated
using a hydrologic based plant grow th model PHYGROW and verified by regular clipping of quadrats to determine dry matter
(DM ) productivity and computation of cattle stocking rates for the ranches . Cattle body condition score on the ranches weremonitored monthly for １２ months .

　 　 　 Figure 1 Plant species p revalence( ％ cover)by site .

Results and discussion The low ( ３％ ) Cymbopogon sites had a ５２％ prevalence of the other species while the high ( ６７％ )
Cymbopogon sites had the lowest ( ３４％ ) prevalence of the other species indicating the suppression of other species by
Cymbopogon nardus ( Figure １) .On the １５ ranches , Cymbopogon nardus prevalence ranged from ０ .２％ to １４ .３％ mean basal
cover . C . nardus prevalence was negatively correlated with all the other grass species indicating its negative influence onspecies prevalence , the grazing potential and livestock performance .
C . nardus dominated ranches produced significantly ( P ＝ ０畅０５ ) the least forage biomass (２５％ lower) compared to ranches withlower levels ofC . nardus (５１０７ kg / ha) , which translated into significantly ( P ＝ ０ .０５ ) lower stocking rates for such ranches .Similarly , cattle on C . nardus infested farms had the least mean body condition scores among the different ranches surveyed .
Reference
Marshall , B . , M .I .E . Long , and D .D . Thornton . ( １９６９ ) . Nutritive Value of Grasses in Ankole and The Queen ElizabethNational Park , III In V itro dry matter digestibility . T rop A gric , T rin . ４６(１) :４３‐４６ .
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Introduction Over recent years increasing attention has been paid to the changing attitude of communities to sustainabledevelopment , in particular natural resource management ( NRM ) . One of the recurring themes of this literature is theimportance of an integrated approach to environmental management . This paper presents a project that developed an electronicNRM Community Capacity Assessment tool ( the tool) to assist communities to rate the strength of their regional capacity todeliver NRM programs . The tool :１ ) Identifies ten elements of capacity that span across four types of capital ;２) Operationalisesthe elements of capacity using ６１ statements and a set of social indicators linked to a four‐point likert scale ;３ ) Generates bothgraphs and matrices to show the relative strength and importance of capacities as perceived by different community tiers , aswell as how confident community groups were in responding to each capacity .
Discussion NRM worldwide has many different meanings and is a complex set of ideas and understandings difficult to define( Kilpatrick ２００２ ; Stratford and Davidson ２００２ ; Kilpatrick ２００３) . Understandings and beliefs which underpin NRM range frombeing strongly conservation‐based (Whelan and Lyons ２００５ ; Gareau ２００７ ) w ith the emphasis on protecting natural resourcesfor their intrinsic , cultural and ecological value through to production‐based values with their focus on ameliorating landdegradation while successfully maintaining production outputs for economic benefit ( Stratford and Davidson , ２００２ ) . Forexample , pastoralists located in the north of South Australia perceive NRM from the perspective of maintaining sufficientpasture cover for their stock , whereas park managers in the same region consider NRM from the perspective of preserving orenhancing diversity of native plants and animals . Stratford and Davidson ( ２００２ ) argue the interrelationships among suchnatural , economic and cultural resources are not well recognized because of the focus on economic capital .
Methodology The tool comprises a MS Access database containing ten capacitiesderived from research by rural sociologists ( Webb & Curtis ２００２ ; Fenton
２００５ ; Cavaye ２００５ ) which are assessed across all three tiers of community .
１) Engagement
２) Values
３) Governance
４) Networks and relationships
５) Strategic direction
６) Leadership
７) Human resources
８) Financial resources
９) Physical resources
１０) Knowledge resources
Each capacity is operationalised using a set of statements which were individually presented in an electronic form and projectedonto a screen for participants . The group was asked to respond to each statement on a likert scale from �１ ＝ Strongly Disagree"to �４ ＝ Strongly Agree" . All responses were reached through consensus‐facilitation was important to ensure equal participationby all group members . Responses to each statement were guided by a series of indicators presented on a likert scale from �１ ＝Strong Capacity" to �４ ＝ Needs Strengthening" . Each assessment group was also asked to rate the importance of each statementrelative to delivering or adopting NRM within their region as well as how confident they were in responding to the statement .
Conclusions Benefits of such regional community participation and effective engagement in NRM have been described variouslyas better outcomes for the natural resources themselves through management at the local scale ( Warburton １９９８ ; Law rence
２００４ ; Bellamy et al .２００５ ; Lane et al .２００５) . Socially , there were benefits described as the empowerment of local communitiesthrough civic participation ,( Kellert et al . ２０００ ; Cavaye ２００４ ; Lane and McDonald ２００５ ; Pero and Smith ２００６) the generationof social capital ( Coleman １９８８ ; Stayner ２００３ ; Putnam ２００４ ) and the building of human capital( Putnam １９９５ ; Portes １９９８ )and community capital ( Cheers et al . ２００２ ) .Importantly , the participant evaluation of the assessment process has confirmedthe literature , affirming participants摧 capacity to articulate their strengths and weaknesses relative to their capacity to deliver oradopt NRM programs .
ReferenceBellamy , J . T . Smith , B . Taylor and M . Walker ( ２００５ ) . Regional natural resource management planning arrangements :Evaluating through the regional lens . An Occasional Symposium : Dimensions of Natural Resource Management WorkingGroup . Queensland .
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Introduction Grassland resources is the most basic means of production , exploration and utilization of grassland resources haveto understand it correctly . Etuoke front banner is a half herding and half agriculture region , it is situated at the Southwest ofErdos city , between ３７°３８′‐３８°４５′N ,１０５°３１′‐１０８°３０′E . It is within the mid‐temperate zone with semiarid and arid continentalclimate . Annual average precipitation is ２９１ .４mm , with significant amounts occurring in July to September , which accounts for
５９‐６０％ of the total annual . It is within desert grassland and typical grassland region . And the area of natural grassland is up to
５８ .３％ of the total land , so livestock production has an important position for the whole national economy . In this paper ,according to index system and methods of evaluation on sustainable utilization of grassland resources are constructed byLiuliming etc . , from such five respects as production , stability , protection , economic feasibility , social acceptability to evaluategrassland resources in Etuoke front banner .
Methods Through analysis hierarchy process( AHP) , from index‐evaluation indicators‐specific goals‐the goal layer( the objectiveof research) , according to the final evaluation criteria of sustainable utilization is : Above ８５ points is very good ,７５‐８５ points isgood ,６５‐７５ points is intermediate ,５５‐６５ points is elementary , below ５５ points is poor , to determine the type of grasslandresources sustainable utilization .
Results Contrast the status quo of utilization and correlative index of grassland resources in Etuoke front banner with indexsystem of evaluation on sustainable utilization of grassland resources in our country , the results are as follows , see Table １ .
Table 1 The scores o f speci f ic goals o f evaluation on sustainable utiliz ation o f grassland resources .
Goals Evaluation indicators Weights Scores Final scores
Production Basic productive forcesCarrying capacityProduction level of reality

０ 3.２００
０ .４００
０ .４００

３９ 沣.２７
３１ .３４
５８ .００ ４３ f.５９

Stability The ability to resist disasterThe fluctuation of productionThe input of improvement
０ 3.４００
０ .４００
０ .２００

４６ 沣.９７
４０ .００
４４ .３２ ４３ f.６５

Protection The degree of degradationGrazing approachEcosystem protection policy
０ 3.４００
０ .２００
０ .４００

５５ 沣.００
５１ .３８
８０ .００ ６４ f.２８

Economicalfeasibility Livestock production efficiencyYield potential of animal husbandry ０ 3.６６７
０ .３３３ ５６ 沣.８９

１００ .００ ７１ f.２５
Socialacceptability

The degree of Satisfying the demandU tilization systemGrazing management condition
０ 3.４００
０ .２００
０ .４００

５７ 沣.３６
８８ .００
１００ .００ ８０ f.５４

According to production ( weight ０ .２８６ ) , stability ( weight ０ .２８５) , protection ( weight ０ .１４３) , economical feasibility ( weight
０ .１４３ ) , social acceptability ( weight ０ .４１３ ) , the synthetic score is ５５ .８１ , belongs to elementary sustainable utilizationgrassland resources . It shows there are many problems in utilizing grassland , while it has broad prospects , several yearsecological construction has obtained certain improvement , but still need further perfection .
Discussion Production final score is ４３ .５９ , basically speaking , natural condition in Etuoke front banner is inferior , and it isdifficult to control by manpower . Stability is ４３ .６５ , although it has already started to enlarge input , but the disaster is verydifficult to control . Protection is ６４ .２８ , degeneration and desertification are serious , they are being governed gradually ,protection policy is good , soil erosion starts to be controlled , but because the area of grassland is broad , and have to begoverned gradually . Economical feasibility is ７１ .２５ , which obtains the development through ecological construction of severalyears . Social acceptability is ８０ .５４ , which shows some policy measures are good to grassland construction .
ReferencesStatistics years book of Etuoke front banner , ( ２００４) . Etuoke statistics bureau o f Erdos city , ２００５ (６) .Zhang Fengrong , Wang Jing , Chen Baiming . The appraisal target system and the method of the land continuable use . The
Chinese A gricultural Publishing House , ２００３ (５) １８７‐２３４ .Liu Liming , Xie Hualin , Zhao Yingwei . Index system of evaluation on sustainable utilization of grassland Resources . Chinese
land science , ２００１ (７) ４３‐４７ .
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Xinjiang grasslands ecological conservation and herdsman increase investigation and discussion
collecting a countermeasure
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Key words :Xinjiang , ecological conservation , herdsman increase collect , problem , construction and countermeasure
Preface There are ７０％ ‐８０％ of Xinjiang livestock products originate from the wide natural grassplot . There are ５７ ,２６０ ,０００hectares natural grassplot in Xinjiang of which area occupies third places in countrywide . During the recent １０ years . Based onthe livestock of Xinjiang government department the data indicate that income is １ ,６１８ Yuan of per capita in rural area of wholeXinjiang in ２０００ , but the herdsman average per capita income is ２２０ Yuan lower than １ ,３９８ Yuan ; the income is ２ ,１０６ Yuan of
per capita in rural area of whole Xinjiang in ２００３ , herdsman摧s income average per capita is １ ,８００ Yuan or so , it is lower ３００Yuan than peasants . In ２００６ the whole rural per capita net income is ２ ,４８２ Yuan , the per capita income of herdsmen have beenless than １ ,４００ Yuan , the gap is getting wider and wider . The herdsman stratum is a real �weak power stratum " .
Today摧s prominent issues in grasslands ecological constructionCoupling effect of grassplots not yet arousing broad common view .Grassland degradation and poor circumstances of herdsman are extremely austere in Xinjiang .Investment allocation is inaccurate , not seizing the general orientation that the manpower forage field builds .Projects disperse , enclosure division , extravagant phenomenon of fund is grave .Offside the policy �returns grass to forest" , damages the herdsmen摧s long range benefits .The countermeasure to grasslands ecology construction and increasing herdsmen摧s income Doing master plan well , working outa plan of governing area and implementing in step .Carrying out returning herding back grass , rebuilding degenerated grassplot .Building artificial pasture energetically , having an effect to resolve grasslands over‐load herds .Cultivate natural cutting‐grass land by enclosures , increasing forage sources feeding in animal .Strengthen the consciousness construction of herdsmen settling in engineering , speeds up putting engineering construction into
practice .Working out preferential measures , boosting producing and life‐style reforming in pastoral area .Realize diverse unity in producing and manage of pastoral area .Care the unfavorable factors to restrict herdsmen摧s increasing income .
ReferenceStatistics Bureau of Xinjiang Uygur Autonomous Region ,( ２０００) . Xinjiang statistical yearbook in ２０００ , Beijing :China StatisticsPress .
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Benefit evaluation of rangeland convertion program ( RCP) in typical project area of Inner
Mongolia
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Introduction China launched Rangeland Convertion Program ( RCP) for improving grassland eco‐environment and promotingeconomic sustainable development of the pasturing area in ２００３ . This paper focused on analysis of the short‐termcomprehensive benefit of RCP in Inner Mongolia in order to improve the long‐term effects of the program .
Methods Banners of Ewenke and Alashanzuo , located in east and west Inner Mongolia respectively , are selected as study caseareas . Based on the statistical data and investigation of herders there , the RCP effects are evaluated through the comparativeanalysis of vegetation condition and herder economic status pro and after RCP .
Results Owing to the different grassland types , different grazing systems are conducted between east and west grassland areas ofInner Mongolia , i .e . seasonal non‐grazing in Ewenke meadow steppe and prohibiting grazing in Alashanzuo desert steppe . Ecologicalbenefit were both remarkable in terms of the promotion of vegetation condition , involving plant height , coverage and biomass .

Figure 1 Comparison o f vegetation quantity
characteristic between seasonal nongraz ing
area and graz ing area in Ewenke .

　 　 　 　 　 　 　

Figure 2 Comparison o f vegetation quantity
characteristic between p rohibiting graz ing area
and graz ing area in A lashanz uo .

The grassland utilization efficiency and animal husbandry net income of the project household have been improved after RCP . InEwenke , the animal husbandry net income of the project household reached １９３ .０５ yuan/ hm２ in ２００４ , increasing ４３ .０５ yuan/hm２ compared to ２００３ . And the animal husbandry income increased ６％ and cost decreased １２％ at the same time compared to
２００３ . Although the herders of prohibiting grazing in Alashanzuo had no animal husbandry income and cost af ter RCP , thegrassland net income also increased １０ .８０ yuan/ hm２ compared to ６３ .４５ yuan/ hm２ in ２００３ owing to the project subsidies of ７４ .
２５ yuan/ hm２ .

Figure 3 Net income comparison o f ４ ty p ical
p ro j ect herders in Ewenke p ro and a f ter RCP .

　 　 　 　 　

Figure 4 Net income comparison o f ４ typ ical p roject
herders in alashanzuo p ro and af ter RCP .

Most herders supported RCP , but they were also full of worries resulting in different herder behaviors in Ewenke andAlashanzuo . In Ewenke , herders mainly worried about fence supervision and forage supply in view of their short‐term plan onadding livestock and improving livestock breed . The herders in Alashanzuo cared for how to resovle the employment of localidle herders . As a result of prohibiting grazing and deficiency of education and skills , ６０％ young herders went out for work intransportation and rest elders and women stayed behind idly at present .
Although the current RCP subsidies in Ewenke and Alashanzuo were reasonable and close to the herders expectation for shortterm , it should be changed dynamically in future , and many important factors should be considered .
Conclusions It is significant to develop projects in the light of local conditions . It is urgent to strengthen grassland constructionand supervision , improve management level and employment skills of herders , and accelerate the transformation of productionmodel and industry in pasturing area .
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Revegetation of bare patches in saline‐alkali grassland in northeast of China
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Introduction Bare saline‐alkali patches resulted from overgrazing and cultivation are distributed throughout Songnen Grasslandin northeast of China ( Li & Zheng , １９９９ ) . The restoration of vegetation in such seriously degraded soil is difficult merelythrough the withdrawal of livestock alone . Some form of intervention is usually necessary to promote a favourable micro site forthe plants establishment ( Happer , et al . , １９６５) .
Materials and methods ２０ hm２ bare saline‐alkali patches were ridged into two forms with ２０cm height , ６５cm width ( R２０) , and
１０cm height , １００cm width ( R１０ ) in May ２００２ . The direction of ridge was vertical to the wind . Af ter the hay had been
packaged , the remainders were collected and broadcasted (１５０g /m２ ) in the R２０ ( R２０ ＋ L , ５hm２ ) and R１０ treatments ( R１０ ＋L , ５hm２ ) . Plant composition , density , height , biomass , and soil characteristic were surveyed and measured in R２０ , R１０ , R２０ ＋L , R１０ ＋ L and no treatment plot (Control) in August from ２００２ to ２００４ .
Results Only two annual species Chloris v irgata and Suaeda corniculata emerged in the ridge in ２００２ . The plants grew in theditch where the topography was relative high or adjacent the peak of the ridge where the topography was relative low . S .
corniculata established well in ridge treatments without litter , and disappeared at end of the second season . Compare with thecontrol , vegetation of ridge cultivation could be established better regardless of broadcasting litter ( Figure １ ) . C . v irgata inridge plug litter treatments grew better than those in which the ridge only was made in ２００２ , while it was reversed both in ２００３and ２００４ . C . v irgata of R１０ grew better than those of R２０ in ２００２ and ２００３ . However , C . v irgata of R２０ established betterin ２００４ . The soil water content of ０‐２０cm in ditch was higher significantly ( P ＜ ０ .０５ ) than that of control , while soil salinity of
０‐２０cm was decreased , and was lower significantly ( P ＜ ０ .０５ ) than that of control . Compared with R１０ , the soil of ０‐２０cmwas meliorated more effectively . The ditch had the capability of trapping massive seeds (４１９５７seeds/m２ ,２６５ seeds in control) .

Figure 1 Plant density , height and biomass by ridging in saline‐alkali f rom 2002 to 2004 .

Conclusions The approach of revegetation in bare saline‐alkali patches by ridging was effective , economic , and practicable . Theridge accumulated more precipitation to leach salinity from the surface soil to deep profile , and trapped sand particles and seedscarried by the wind , which provided a favourable micro site for seeds germination and seedlings grow th . The operation ofridging plug litter speeded the establishment of vegetation , but the cost is more expensive . The narrow and high ridgemeliorated more effectively the saline‐alkali soil , and provided a more favorable micro site for the establishment of vegetation .
ReferencesLi J . D . , Zheng H . Y . (１９９７) . Ecological mechanism and technology for reclamation of the saline‐alkali grassland in SongnenPlain . Beijing , Science Press , ７‐６７ .Happer , J . L . , Williams J .T . , and Sagar , G . R . ( １９６５ ) . The behaviour of seeds in soil . I . The heterogeneity of soilsurfaces and its role in determining the establishment of plants from seed . Journal o f Ecology , ５３ : ２７３‐２８６ .
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Rangeland , ecological integrity and sustainability : an analysis in the Himalayan Mountain
context
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Introduction Ecological integrity of a system is a precondition to sustainability ( Singh ２００７ ) . Rangelands that occupy largechunk of the geographical area in the Himalayan mountains have a key role to play towards imparting high degree ofsustainability to an agroecosystem and thereby to the land‐based livelihoods in the mountain areas . Ecological integrity of asystem is ensured when there are ecological linkages between components of the system and , as a result , there is considerableflow of water / moisture and nutrients within the system . Factors influencing bio‐geochemical cycles , water cycle and climateregulation are pivotal for ensuring ecological integrity at macro‐level of a geographical area . This paper discusses the crucial roleof rangelands in imparting considerable ecological integrity vital for the sustainability of agroecosystems in the fragileHimalayan mountains .
Materials and methods The content of the paper is largely drawn on basic principles involved in generating conditions forsustainability through ecological integrity , which is based on long‐term experiences of studies in the Indian Central Himalayas .
Results and discussion
Rangeland‐livestock‐Farming linkages Ecologically more stable rangelands impart resilience to an agroecosystem andappropriately respond to the inherent fragility of the mountains . Livestock feed on range plants and retain a proportion ofenergy and nutrients for their maintenance , while the rest is converted into draught power and products ( milk , wool , meat ,etc .) . A proportion of the consumed biomass is voided as dung and urine which , as manure , is transferred to the cropland forthe maintenance of soil fertility inevitable for food production . Crop residues to come from croplands are also fed to livestockand a proportion of energy and nutrients , as manure , is recycled into the cropland soil . Mediated by livestock , this nutrientflow contributes to the essential ecological integrity and sustainability of the agroecosystems .
Nutrient flows Nutrients are a collection of chemical compounds , minerals and elements essential to the survival of livingorganisms . Nutrient cycles are a sub‐set of broader class of global biogeochemical cycles , including water , carbon , oxygen ,nitrogen and mineral cycles (Bourn et al . ２００５) . Plants take up nutrients from soil reserves and atmosphere and accumulate intheir biomass . A proportion of this is consumed by animals and the other flows through the environment . The passage ofnutrient flows in the environment is a nutrient cycle . Biogeochemical cycles , especially those of NPK , are significantlyinfluenced by agriculture . Livestock also contribute to affect / regulate the nutrient flows .
Ecological integrity and sustainability Rangelands , as integral component , contribute to enhance complexity and impartconsiderable ecological stability to the whole agroecosystem . Useful biomass to be used as fuel , fodder , fibre , raw material forindustries , edible fruits , vegetables , medicinal herbs , honey , etc . Ecosystem services of ecologically sound ecosystem are moreintense , more useful and congenial for the optimum agricultural production . Conservation of myriad life forms , water / moisturecirculation , and maintenance of appropriate micro‐climate are the other intangible attributes of the rangeland ecosystems . Allthese socioeconomic attributes and ecosystem functioning are important indicators of sustainability .
Conclusions Rangelands covering largest chunk of geographical area in the Indian Central Himalayas are pivotal towards
generating , regulating , and optimizing factors that ensure ecological integrity of and consequently impart sustainability to themountain agroecosystems .
ReferencesBourn , D . , Maitima , J . , Motsamai , B . , Nicholson , C . and Sundst l , F . ( ２００５) . Livestock and environment . In Owen , E . ,Kitalyi , A . , Jayasuriya , N . , and Smith , T . ( eds .) L ivestock and Wealth Creation : Imp rov ing the Husbandry o f A nimals

kep t by Resource‐poor Peop le in Develop ing Countries . Nottingham University Press , U .K .Singh , V . (２００７ ) . Co‐management of rangeland resources in the Hindu Kush‐Himalayan Region . Peace and Development
Digest ７ : ３‐４ , ７７‐８２ .
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Increasing nitrogen deposition and grassland productivity in Mongolia
T . K inugasa1 , M . Shinoda2 , and A . Tsunekawa2
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Introduction The amount of nitrogen ( N ) fall‐down from the atmosphere to the biosphere ( nitrogen deposition) is increasingglobally due to increased fossil fuel consumption and chemical fertilizer application ( Galloway et al . , ２００４ ) . As N is essentialfor plant grow th , increased N deposition affects plant primary productivity ( Vitousek et al . , １９９７ ) . However , increased Ndeposition can also decrease plant diversity ( Stevens et al . , ２００４ ) .
Mongolian grassland is a steppe spread out in the north of central Asia and is utilized for grazing by nomads . Galloway et al .(２００４ ) have estimated that the amount of annual N deposition in this region in ２０５０ is likely to increase by about ４００mg /m２

over that in the early １９９０摧s . The increase in N deposition may influence the grazing potential of Mongolian grassland throughchanges in grassland productivity and species composition .
In the present study , N was artificially applied to Mongolian grassland to assess the effect of increased N deposition ongrassland productivity . The study aims : ( １ ) to analyze the effect of increased N deposition on the productivity of Mongoliangrassland and ( ２) to evaluate the change in livestock carrying capacity of Mongolian grassland as a result of an increase in Ndeposition .

　 Figure 1 Aboveground dry mass at A ugust
2006 , June 2007 and A ugust 2007 . 0N ,
Control ,L N ,H N show no treatment ,treatment
w ith water ap p lication , low nitrogen
ap p lication and high nitrogen ap p lication .
Open and closed columns show graz ing and
non‐graz ing p lots .Error bars rep resent ＋ 1SE .

Materials and methods The study site , Bayan‐Unjuul , is located in atypical dry steppe , about １５０km south west of the capital Ulaanbaatar .Annual mean temperature and precipitation are ０ .３ ℃ and １６５mm . Plantcommunities were dominated by the perennial grass Cleistogenes
squarrosa and the perennial forb A rtemisia adamsii .
Four experimental plots were established in August ２００６ . Each plot hastwo main treatments , grazing and non‐grazing . In each main treatment ,four nutrient sub‐treatments were established : application of nutrientsolution with low ( LN , ３００mgN m‐２ y‐１ ) and high ( HN , １５００mgN m‐２

y‐１ ) N , application of nutrient solution without N ( only water , Control)and no treatment ( ０N ) . A nutrient solution containing the requiredamount of ammonium nitrate ( NH４ NO３ ) was sprayed in June andAugust . The above‐ground parts of plants were harvested two times eachyear ( in late June and August) and were weighed af ter drying .
Results Aboveground dry mass just before the experimental manipulationdid not differ among experimental plots ( Figure １) . Water application didnot affect dry mass . The effect of N application was found in non‐grazingplots in HN treatment . More than ７５％ of increase in aboveground drymass with HN treatment was attributed to A rtemisia adamsii which isnot palatable for livestock .
Conclusions The increase in N deposition expected by ２０５０ seems to havelittle effect on primary production of the Mongolian steppe . However ,the primary production in this region potentially increases with more Ndeposition , and the increase may not be accompanied by an increase ingrazing capacity of the grassland . Clearly , a longer experiment is neededto attain a more robust conclusion .
ReferencesGalloway , J .N . , Dentener , F .J . , Capone , D .G . , Boyer , E .W . , Howarth , R .W . , Seitzinger , S .P . , Asner , G .P . ,Cleveland , C .C . , Green , P .A . , Holland , E .A . , Karl ,D .M . , Michaels , A .F . , Porter , J .H . , Townsend , A .R . , Vorosmarty ,C .J . , (２００４) . Nitrogen cycles : past , present , and future . Biogeochemistry ７０ : １５３‐２２６ .Stevens , C .J . , Dise , N .B . , Mountford , J .O . , Gowing , D .J . (２００４) . Impact of nitrogen deposition on the species richnessof grasslands . Science ３０３ : １８７６‐１８７９ .Vitousek , P .M . , Aber , J .D . , Howarth , R .H . , Likens , G .E . , Matson , P .A . , Schindler , D .W . , Schlesinger , W .H . ,Tilman , D .G . (１９９７) . Human alteration of the global nitrogen cycle : source and consequences . Ecological A p p lications ７ :

７３７‐７５０ .
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Application of vetiver grass for revegetation in Rare Earth mine , south China
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Introduction China is the world摧s largest RE producer and consumer , Guangdong and Jiangxi province , the RE is of the ionicabsorption type which is absorbed on clay particles at ionic state only found in China .Due to its advantages in exploiting andcomponents ,an upsurge had been appeared from １９８６ to １９９９ . It has bring great benefits and cause a series enviroment
problems as well . Vetiver Grass with its unique morphological , physiological ,ecological characteristics and its tolerence toadverse conditions , has a key role in the area of soil erosion control and environmental protection . Main aim of this project wasto use vetiver for revegetation and alleviate environmental pollution caused by exploiting RE mines in South China .
Materials and methods Over the past two years a series of research projects conducted at Daping RE Mine ,located at thenortheast of Guangdong ,China . Soil erosion is very serious problem in these areas . The trial site , has a gradient of ３０‐５０° . Theengineering measurement was conducted first and then the biological method . The engineering measure was dig up a １００ cmwide channel on the top of slope to disperse upper runoff . The biological method was to plant vetiver along contour line in May ,
２００５ and April ,２００６ . Contour platforms with a width of ３０‐４０ cm ,and planting ditches with of １５ cm were first built on a rowspacing of ８０ cm ,and then vetiver was planted at １０‐１５ cm spacing ,３‐５ tillers for each slip . After planting water quality ,soilchemical properties and the changes of vegetation community were investigated .
Results １２months after planting Vetiver grass , soil orgnic matter increased from ０ .２０％ to ０ .７４％ , hydrolysable N decreasedfrom ３２０ mg/ kg to ４３ mg / kg , SO２‐

４ decreased from １３ .１ mg / kg to ７ .４６ mg / kg ,EC values decreased from ０ .４６ ms/cm to ０ .
０６２ ms/cm ,NO３

－ decreased from ２０３ mg/ kg to １０ .２ mg/ kg ,available K and total S varied slightly ; pH values of waterincreased from ３ .１２ to ４ .８２ ,NH３
－ N decreased from ２０４ .３( N mg / L ) to ８１ .３( N mg / L ) , NO３

‐N decreased from ７８ .３５( mg /L ) to ５３ .６ ( mg / L ) , SO２‐
４ decreased from ４９７ .５ ( mg / L ) to ３０８ .５ ( mg / L ) . The result shows that water quality have beenimproved af ter palnting Vetiver grass . ;Eco‐environment has been improved after planting Vetiver grass and suitable grow thcondition for the nativer plants created . Eight native species , Borreria lati f olia , Gynura crep idioides , Blechnum orientale ,

S phenomeris chusana , Pasp alum conj ugatum ,A geratum conyzoides , M iscanthus chinensis and H ypericum chinensis werefound in Vetiver hedge . The result of this experiment has shown that Vetiver grass acts as a pioneer plant growing and providesmicro‐climatic conditions where native species may become established .
Conclusions Vetiver grass acts as a pioneer plant growing and provides micro‐climatic conditions where native species maybecome established . Vetiver Grass for revegetation in RE mine area was practical . The Vetiver grass technology is a effectiveway for soil erosion and water pollution control in RE mine of South china .
ReferenceT ruong PN , Baker D . ( １９９８ ) . Vetiver grass system for environmental protection . Tech . Bull . No . １９９８ /１ , Pacific RimVetiver Network , Office of the Royal Development Projects Board , Bangkok , Thailand .
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Study on some models exploiting pasture industry in the south of China
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Key words : planting grass and fish‐raising , combination of grass and forest , loss of water and erosion of soil , pastureprocessing
Introduction Southern china ( SC ) is located at latitude １５‐３３° north and longitude １００‐１２５° east ,occurs in the tropical andsubtropical zones , and includes the whole of the provinces of Fujian , Jiangxi , Hunan , Guangdong , Guangxi , Hainan ,Guizhou , and the most parts of Zhejiang , Yunnan , Sichuan , and southeast parts of Anhui , Hubei , Taibet . Developing pasturemodels for use in southern China , has great potential for regulating the rearing of animals and developing herbivorous animals .
The models of development and use ( １ ) Taking vigorous action to improve fish raising using planted grass and promoting thedevelopment of fish culture . Fish raising using planted grass is cheaper , quicker and has higher economic return than raisinglivestock on planted grass ;( ２ ) In agricultural regions , making use of rice field to plant grass during the unoccupied winterperiod , expands the sources of manure and feedstuff ; ( ３ ) In hilly lands , rapidly expanding grass growing and utilizing thecombination of grass and forest in young grow th , was an important method of avoiding short term water loss and soil erosion ;
(４) In mountain regions , the seeded artificial pasture could be used to make hay to help regulate the supply at the low and peakseasons .
Discussion The four models of planting grass were summed up by the author according to the production needs and feasibility inSC and with the author摧s experience over the years . It was thought that was the only way which could develop the grassindustry in SC in the future . There were still some problems to be resolved , if the four above models were practiced . The main
problems were the following :
(１ ) Great money‐deficiency in mountain regions , where many facilities developed with improving the pasture , such asconstructing roads , housing electricity and water facilities , require high investment . It was difficult to provide sufficient moneyto pasture construction according to the state摧s financial situation , and an input of foreign investment and jointly management isneeded .
(２) Efficiency of energy resources and advanced processing equipment . The resources for processing grass and green vegetablein SC were abundant , but the processing was just during rainy season when the grass was high in moisture and consumed muchenergy . It was not convenient to rely on the energy from the sun and so must use advanced machinery . At present , there is alack of the equipments suitable to SC摧s climate , and lack of electricity and coal .
(３) In mountain ares , the kinds of fruit tree which would be selected and their effects on the natural conditions in this region .And it was necessary to study the combination method of planting grass and tree .
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A resource‐explicit population model for the management of a dominant shrub that takes into
account the ruminants摧 feeding strategy
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2 INRA‐SA D , Unité Ecodévelop pement , A v ignon , France ,3 Université de Pau et des Pays de l摧A dour , UMR ECOBIOP ,
64310 Saint P e sur N ivelle , France

Key words : pastoral resources , dominant shrub species , population demography , grazing , feeding strategy
Introduction European environmental policies encourage the livestock farmers to graze their animals on shrubby rangelands tomaintain plant communities in states that are favorable to the protected wild fauna and flora species and then of ten provideincentives to slow down the encroachment of shrub species with strong dominance ability .
Current scientific knowledge and technical references are often insufficient to encompass uncertainties about the feed value ofshrubs and the real impact of grazing on encroachment dynamics . In order to propose management practices at paddock level ,conciliating seasonal resources renewal for flock and long term control of shrub dynamics , we propose a new conceptual modelof plant population capable of linking the population demography of a dominant plant species and the functional feedingresources offered to the flock .
Materials and methods We carried out direct observations of small ruminant ( sheep ) feeding behaviour at bite scale andcontinuously during each meal per day and during whole grazing sequences in paddock ( １０‐１５ days) ( Parker et al . １９９３ , Agreiland Meuret , ２００４ ) . Focusing on scotch broom ( C . scoparius ) as a model of grazed dominant shrub species , we identify thediversity of organs potentially consumed and defined their functional role in the feeding strategy with regards to the potentialbite mass they offer ( Agreil et al , ２００５ ) . Observations and experimentations on C . scoparius populations also allowed us tobuild a basic model of population structure based on the demographic strategy of this species with identification of maindevelopmental stages ( juveniles , adults , seedlings , non dormant seeds , dormant seeds , . .) and quantitative estimation oftransition between stages ( Caswell , ２００１ ) . We relate explicitly feed items defined by ruminant feeding strategy withdemographic items organizing the population dynamics pattern .
Results Our results show that the feeding strategy of small ruminant is to exploit the diversity of the species‐structures throughcombining small and large bite masses , allowing the maintenance of intake levels until the end of the stay in the paddock .Several organs of scotch broom ( Flowers , young pods , young shoots , mature stems) provide feed items but with differentfunctional status for animal feeding according to their mass . ( Figure １ ) . It shows that two main stages ( juvenile and adult )produce each , different feed items . As cumulative impact of repeated grazing seems to change adult demographic behaviourtowards a long term vegetative status , we create a new demographic item as �vegetative adult " revealing through thismodification of the population structure possible irreversible impact of grazing .

Figure 1 L i f e cycle o f Cytisus scoparius population built on development stages (seedling , adult , j uvenile . . .) and f eeding
resources f or herbivores (small bites , big bites ) . The vegetative adult stage , not p resent in ungrazed population , is created by
repeated browsing .

Conclusions Such a conceptual model , taking in account the ruminant feeding strategy at bite level , allows us to model the realimpact of gazing on shrub population dynamics . It reveals the diversity of the possible ways of regulation as severaldemographic processes are impacted by grazing according to organs consumed ( fecundity , survival rate , maturation age . . .) .Modelling is now in progress to simulate the impact of different management scenarios .
ReferencesAgreil , C . , Meuret , M . ( ２００４ ) . An improved method for quantifying intake rate and ingestive behaviour of ruminants indiverse and variable habitats using direct observation . Small Rumin . Res . ５４(１‐２) : ９９‐１１３ .Agreil , C . , Fritz , H . , and Meuret , M . ( ２００５ ) . Maintenance of daily intake through bite mass diversity adjustment indomestic sheep grazing on heterogeneous vegetation . A p p lied A nim . Behav . Sci . ９１ (１) : ３５‐５６ .Caswell , H . (２００１ ) . Matrix population models . Sinauer Associates , Inc publishers . Sundermand Mass . ６２２p .
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Research on rejuvenation and replacement cultivated technology of Salix Psammophila in the
Hobq desert
Mi Zhiy ing ,Gao Yong
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Introduction Salix psammophila is an important species of windbreak , sand‐fixation and industrial timber forest in arid andsemi‐arid area . Recently , Ecological Environment of natural Salix psammophila forest was destroyed severely . In this study ,We tried to find the effect on height grow th and stem grow th of Salix psammophila .for four kinds of different treatmentsincluding Installation of Artificial Sand‐break ,Leveling Stubble Along the Surface of the Ground ,Usual Leveling Stubble ,Fertilization .
Materials and methods The research was about declining salix psammophila bushes in the east of the Hobq Desert . Technicalmethods :(１) Installation of Artificial Sand‐break ( Specification : ２０cm high , checker board , porosity ２０％ ‐２５％ ) .(２ ) LevelingStubble ( Along the Surface of the Ground) (３ ) Usual Leveling Stubble ( remains ２０cm Stubble) . (４) Fertilization ( dug a ditchof ２０ cm deep filling ２ kg organic fertilizers around each salix psammophila bushes ) .The data of four kinds of differenttreatments were analysed by using SAS９ .０ .
Results The results showed that four kinds of different treatments were all beneficial to height grow th of salix psammophilabushes ( P ＜ ０ .０５ ) . Compored with check sample , height grow th of salix psammophila bushes which were treated withArtificial Sand‐break ,Leveling Stubble Along the Surface of the Ground ,Usual Leveling Stubble ,Fertilization had increased by
１０ .０７％ ,６ .０６％ ,１２ .９１％ ,２３ .１８％ ,respectively ( Figure １ ) . It is noteworthy that four kinds of different treatments werehelpful to stem grow th of salix psammophila bushes ( P ＜ ０ .０５ ) . Compored with check sample , stem grow th of salix
psammophila bushes which were treated with Artificial Sand‐break ,Leveling Stubble Along the Surface of the Ground ,UsualLeveling Stubble ,Fertilization had increased by ５ .２０％ ,３ .２８％ ,４畅９０％ ,３ .８０％ ,respectively ( Figureure , ２) .

Figure 1 Height grow th o f Salix psammophila
by di f f erent treatment in three years .

　 　 　

Figure 2 Stem grow th o f Salix psammophila
by di f f erent treatment in three years .

Conclusions The results showed that four kinds of different treatments were all beneficial to rejuvenation and replacement of
salix psammophila bushes ( P ＜ ０ .０５ ) . Comprehensive effect of Fertilization was helpful to height grow th of salix
psammophila bushes . On the other hand , Leveling Stubble Along the Surface of the Ground had much more effects on stemgrow th .
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The efficiency of some infiltration models in three rangeland conditions (case study :Savojbolagh
rangelands)
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Key words : Horton摧s equation , Kostiakov摧s equation , Green‐Ampt摧s equation , rangeland , Savojbolagh region
Introduction Infiltration is one of the important hydrological processes and its accurate quantification is essential for manystudies . Infiltration can be either measured in the field or estimated using mathematical models which vary from empirical to
physically based models , including physically based models ( e .g . Green and Ampt , １９１１ , Richards , １９３１ , Philip , １９５７ ,Morel‐Seytoux , １９７８ , Haverkamp et al . , １９９０ and Corradini et al . , １９９４) , conceptual models ( e .g . Nash , １９５７ and Diskinand Nazimov , １９９５ ) , or empirical relations ( e .g . Horton , １９３３ , Kostiakov , １９３２ , Holtan , １９６１ and Soil ConservationService‐USDA , １９７２) ( Chahinian et al . , ２００５) .The objective of this paper is to compare the performance of three widely usedinfiltration models with infiltration measured in Central Iran .
Material and methods The study field is located in South‐west of Tehran province and South‐west of Nazarabad city inSavojbolagh experimental rangeland site located . The slope , elevation and annual precipitation of the study field are ０‐２

percent , １１５０‐１１８０m and ２２９ .３mm , respectively . The climate is also cold dry according to Emberger climatic classificationsystem . The rangelands of the study area are steppe that was divided into three regions ( critical , key and reference sites) withattention to utilization type and different grazing intensities which each region comprises ５ ha in the area . The critical , key andreference sites were selected in regions with annual long and heavy grazing , proper grazing and desertification station ofSavojbolagh region with no grazing condition grazed over past １３ years , respectively . The infiltration rate was determined byusing concentric ring infiltrometer in three mentioned regions ( i .e . critical , key and reference sites ) in May , June andSeptember of ２００４ and ２００５ . First , the rings were inserted into the soil at the minimum depth necessary to prevent lateralleakage from the rings . Then , water was applied at a constant depth . Finally , infiltration rate was directly determined byreading of the burettes at １ , ５ , １０ , ３０ , ６０ , ９０ and １２０ minutes intervals . Table １ shows average infiltration rate in differenttimes .
Table 1 A varage in f iltration rate (mm) in di f f erent times .
Site Year ２００４ 篌２００５ 痧

Time( min)Month １ 噰５ ǐ１０ 篌３０  ６０ ;９０ _１２０ Ё１ 剟５ è１０ 痧３０  ６０ 8９０ \１２０ い
May ２０ ǐ９ ǐ.１３ ９ 舷.３７ ５ 篌.２３ ４  .０２ ３ ;.４８ ３ _.１１ ６７ è.２１ ９ è.１３ ６ 烫.８３ ３ 痧.４９ ３  .０５ ２ 8.６１ ２ \.４７

Key June ２７ ǐ１２ 舷.２ ９ 舷.８３ ６ 篌.０１ ５  .０４ ４ ;.５４ ４ _.３４ ３０ è９ è８ 烫.３３ ５ 痧.８３ ４  .０８ ４ 8.０２ ３ \.８７
September ２０ ǐ９ ǐ.７３ ８ 舷.０７ ５ 篌.４９ ４  .２５ ３ ;.７９ ３ _.５３ ６７ è.１７ ９ è.２７ ７ 烫.２３ ５ 痧.１１ ４  .０７ ３ 8.６５ ３ \.３８
May ３３ ǐ.１８ １１ 舷.３３ ８ 舷.１７ ５ 篌.０４ ４  .０９ ３ ;.３５ ３ _.０１ ２０ è６ è.８３ ５ 烫.８３ ３ 痧.２９ ２  .５８ ２ 8.２５ ２ \.０１

Reference June ６７ ǐ.２１ １３ 舷１０ 篌６ 篌.２７ ５  .２４ ４ ;.５３ ４ _.３９ ２５ è７ è.１ ５ 烫.３ ３ 痧.３３ ２  .６１ ２ 8.３６ ２ \.１８
September ３３ ǐ.１４ １０ 舷.１７ ７ 舷.９３ ５ 篌.６１ ４  .６８ ４ ;.１９ ３ _.９ ３３ è.１３ ５ è.６ ５ 烫.６３ ３ 痧.４４ ２  .７８ ２ 8.４９ ２ \.２７
May １５ ǐ８ ǐ.８７ ７ 舷.７ ３ 篌.８５ ２  .８８ ２ ;.５５ ２ _.３２ ３３ è.１８ ７ è.３３ ５ 烫.７３ ２ 痧.８４ ２  .７９ ２ 8.４４ ２ \.３５

Critical June ３３ ǐ.１４ １０ 舷.３３ ８ 舷.８３ ５ 篌.７７ ４  .３９ ３ ;.９４ ３ _.８０ １５ è６ è６ 烫.５ ３ 痧.４２ ２  .６６ ２ 8.４４ ２ \.１９
September ３３ ǐ.１１ ８ ǐ.９３ ７ 舷.０７ ４ 篌.８９ ３  .９１ ３ ;.５２ ３ _.２４ ３３ è.１１ ６ è.９３ ６ 烫４ 痧.０２ ３  .２３ ２ 8.８７ ２ \.６４

Three algebraic infiltration equations ( Kostiakov摧s , Horton摧s and Green and Ampt摧s ) were examined to determine the bestfitted formula to the collected infiltrometer data . For this reason , infiltrometer data of ２００４ was applied to compute the models .Then , the estimated models efficiency was determined by using relative error index and infiltrometer data of ２００５ . If therelative error index was under ４０ percent , model will be selected (Das , ２０００) .
Results and discussion The results of current research indicate that , Horton摧s equation provided a best fit to the infiltrometerdata . Horton摧s equation was better than Kostiakov摧s and Green‐Ampt摧s equation . The relative error for Horton equation was
１４ .５９％ , ２０ .８４％ , and ８０ .３１％ for the Kostiakov model and Green‐Ampt model , respectively . The relative error percentincrease in each three models with increase of infiltration time .
Conclusions Since relative error of Horton and Kostiakov equations was lower than ４０％ , these models were selected as the bestequations in this research . This result is the similar to those obtained by Gifford (１９７６) and Oku (２００５) .
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Diversity and ethnobotany of Fodder plants in the Himalayan rangelands : a case of the
Uttarakhand Mountains , India
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Garhw al University , S rinagar‐246174 , Uttarakhand , India
E‐mail : drv irsingh＠ redi f f mail .com
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Introduction Himalayan rangelands are natural repositories of biodiversity . The vegetation is predominantly of forestcommunities with frequent interruption of scrub jungles , savanna , grassy localities and crop fields . Several environmentalfactors control the distribution of vegetation . Vegetation is demarcated on the basis of altitudinal gradients because edaphic ,topographic , climatic and associated factors tend to be altered with altitude ( Gaur １９９９ ) . U tilisation of rangelands in theHimalayan region dominated by livestock‐dependent communities is primarily for livestock production . A panorama of thebiodiversity presented in this paper counts and characterizes the plant species that have some kind of fodder value .Ethnobotanical values associated with certain fodder plants have also been described .
Materials and methods Enumeration of diversity of fodder plants in the rangelands is based on the extensive survey and collectionof range plants from the mountain districts of Almora and Champawat in U ttarakhand . Frequent field trips were made duringdifferent seasons of three consecutive years (２００３‐２００６) . Plants species preserved in Herbarium were identified with the help ofrecent and relevant floras and revisions and compared with the authentic Herbarium specimens of Botanical Survey of India andHNB Garhwal University Herbarium . Ethnobotanical values were known through interviews of local farmers and in discussionwith some experts .
Results and discussion The rangelands covered for this study were located in sub‐montane and montane areas . As many as ５４１fodder plant species belonging to ８４ families in the study areas were identified . Largest number of fodder species (１６４ or ３０％of the total) belonged to the family Poaceae alone . Next in order was the Fabaceae which contained ６９ species ( or １３％ of thetotal species) . The Moraceae and the Asteraceae families had ２１ ( ４％ ) and １９ ( ３％ ) fodder species , respectively , whileRubiaceae and Urticaceae families showed １３ (２％ ) representative species of fodder value . Other families had only fewer fodderplants . Apart from fodder value , many of the plants also provided edible fruit , fuel wood , fibre , timber , flowers , buds ,vegetables , seeds , dye , bee‐forage , etc . Some species have unique ecological role , such as specific soil‐binding properties ,water conservation , pollination , etc . Earlier , Bohra (２００６ ) reported only some １６０ fodder plants from the same area and focusof her study was on the fodder value for dairy animals in the mountains .
Some fodder plants are of crucial ethnobotanical importance and are used for various purposes , such as in curing of certaindiseases , in health amelioration , religious rituals , cultural rites , etc . Different parts ( such as root , shoot , leaves , flowers , andseeds) of a species are used through certain physical and chemical processes in the curing of prevailing diseases , such as skinand eye problems , diarrhoea , dysentery , digestive problems , menstrual disorders , gonorrhoea , dysmenorrhoea , measles ,respiratory problems , bronchitis , fever , malaria , dropsy , piles , diabetes , jaundice , suppressed urination , urinogenital
problems , delivery‐related complexities , etc . Many fodder species are of ethno‐veterinary uses and people variously use them toprevent and cure livestock diseases . Certain species are regarded as sacred and are used in various cultural and religious rites .
Conclusions A positive indicator to assess and diagnose the health of Himalayan rangelands is that they harbour enormousdiversity of fodder plants so critical for the livestock‐based livelihoods of a sizeable population of farmers and pastoralists in theregion . Fodder resource utilisation also exhibits one of the unique examples of ethnobotanical knowledge of range‐dependentmountain communities . The fodder diversity in mountain rangelands needs to be conserved and enhanced and its sustainable useneeds to be ensured to realize an increase in livestock production in the region .
ReferencesBohra , B . ( ２００６ ) . Dairy Farming and Rangeland Resources in Mountain Agro‐ecosystems in Uttaranchal . Ph .D . Thesis .Pantnagar , India : GB Pant University of Agriculture and Technology , ９６‐１１２ .Gaur , R . D . ( １９９９ ) . Flora of the District Garhwal , North West Himalaya ( with Ethnobotanical Notes ) . Srinagar( U ttarakhnad) , India : T ransmedia , ８１１ .
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The role of management in maintaining grassland sustainability in the Carpathian Mountains
from Romania
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Introduction The pastoral patrimony of Romania is represented by over ４ ,９ mil . ha , from which more than half are in themountain zone . This paper摧s purpose is to underline the dynamics of the phytocenosis摧 biodiversity , due to the application ofsome technical practical measures meant to improve the production and the quality of the grasslands ecosystems with minimaleffects on the environment . Nowadays , many specialists are concerned by adapting the technologies of fodder production to thenew economic and ecological requirements (Belesky David P . et al . , ２００２ ; Peeters A . et al . , ２００５ ; V ntu V . et al . , ２００７) .
Materials and methods The researches were conducted in two sites : on an A grostis cap illaris L . and Festuca rubra L .
grassland from Campulung‐Moldovenesc area (７０５ m altitude) and on an A grostis cap illaris L . , A nthoxantum odoratum L .and Nardus stricta L . grassland from Vatra‐Dornei area ( ８２０ m altitude ) , both from the Carpathian Mountains . Theexperiments are single factor type , set in accordance to the randomized blocks method , in four repetitions , observing theorganic fertilizers摧 effect , a basic element in maintaining the grasslands摧 sustainability , in doses of １０‐３０ t / ha half fermentedcattle manure , on biodiversity and productive level . There were observed the following fertilization variants : V１‐unfertilizedcontrol , V２‐１０ t ha‐１ manure annually , V３‐２０ t ha‐１ manure once at ２ years , V４‐３０ t ha‐１ manure once at ３ years , V５‐２０ t ha‐１manure １st year ＋ １０ t ha‐１ manure ２nd year ＋ ０ t ha‐１ manure ３rd year , V６‐２０ t ha‐１ manure １st year ＋ ０ t ha‐１ manure ２nd year ＋ １０

t ha‐１ manure ３rd year , V７‐２０ t ha‐１ manure １st year ＋ １０ t ha‐１ manure ２nd year ＋ １０ t ha‐１ manure ３rd year , V８‐１０ t ha‐１ manure １st
year ＋ ２０ t ha‐１ manure ２nd year ＋ １０ t ha‐１ manure ３rd year . The manure was applied in early spring , harvesting was made in haystock mode , at dominant graminee species摧 ear‐flower formation and the measurements regarding the biodiversity and thespecies摧 groups ratio were made in the first vegetation cycle .
Results The management of manure administration and rational use , related with soil and climate conditions positively influencedthe biodiversity and the studied grasslands摧 productivity . Thus , in organic fertilization conditions , the number of species variedbetween ３３ and ４２ , and the production between ４ .２８ and ４ .６９ t ha‐１ dry matter ( d .m .) on the A grostis cap illaris L . ＋
Festuca rubra L . grassland ,while on the A grostis cap illaris L .＋ A nthoxantum odoratum L . grassland , the number of specieswas smaller , between ２７ and ３７ , but productions were bigger , varying between ４ .９２‐５ .４０ t ha‐１ （Table １ ) .
Table 1 The in f luence o f grassland management on biodiversity and p roductiv ity .
Fertilizationvariants

A grostis cap illaris L .＋ Festuca rubra L .
grassland

A grostis cap illaris L .＋ A nthoxantum odoratum
L . grasslandSpeciesno .

Species摧 groups ratio ( ％ )
G L OS

Productiontha‐１ d .m .
Species Species摧 groups ratio ( ％ )
no . G L OS

Productiontha‐１ d .m .
V１ 珑

３２ 8４５ 创２５ /３０ ǐ３  .６４ ２６  ７９ }１０ �１１ t３ 後.９０
V２ 珑

４０ 8３８ 创３３ /２９ ǐ４  .２８ 倡
２７  ６６ }１９ �１５ t４ 後.９２ 倡

V３ 珑
３４ 8４３ 创３０ /２７ ǐ４  .４０ 倡

２９  ６９ }２１ �１０ t４ 後.９５ 倡

V４ 珑
３３ 8３９ 创３２ /２９ ǐ４  .５３ 倡

３７  ６８ }１５ �１７ t５ 後.０３ 倡

V５ 珑
３５ 8３８ 创３５ /２７ ǐ４  .６９ 倡

３４  ６５ }２０ �１５ t５ 後.３６ 倡

V６ 珑
３６ 8４５ 创２８ /２７ ǐ４  .５１ 倡

３５  ７０ }１８ �１２ t４ 後.７１
V７ 珑

３５ 8３７ 创３２ /３１ ǐ４  .４５ 倡
２７  ７７ }１０ �１３ t５ 後.４０ 倡

V８ 珑
４２ 8３９ 创３１ /３０ ǐ４  .５２ 倡

３６  ７１ }１５ �１４ t５ 後.２７ 倡

G ＝ grasses L ＝ legumes OS ＝ other species 　 　
倡 P ＜ ０ .０５ ＝ ０ .５１ t ha‐１ 　 　

倡 P ＜ ０ .０５ ＝ ０ .９４ t ha‐１

Conclusions The organic fertilization and the rational use of permanent grassland from the Romanian Carpathians assuremaintaining the biodiversity and sustain the productive level , with an adequate quality of the canopy .
ReferencesBelesky David P . et al . , (２００２) . Herbage Productivity and Botanical Composition of Hill Pasture as a Function of Clipping andSite Features . Agronomy Journal ９４ :３５１‐３５８ .Peeters A . , Maljean J .F . , Biala K . , si Bouckaert V . , ( ２００４) . Les indicateurs de biodiversité pour les prairies :un outil d摧évaluation de la durabilité des systèmes d摧élevage . Fourrages , nr . １７８ , ２１７‐２３２ .
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CVOR model for assessing the steppe ecosystem health — a case study on the typical steppe in
Inner Mongolia , China
WA NG L i‐X in , L IU Hua‐Min , L IU Zhong‐L ing , WA NG Wei , L IA NG Cun‐Zhu , YA NG Jie
College o f L i f e Sciences , Inner Mongolia University , H uhhot 010021 , Inner Mongolia , P . R . China .
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Introduction The typical steppe region of Inner Mongolia , China extends across ４１° to ４７° north latitude and １０９° to １１７° eastlongitude . C３ grasses , which include Leymus chinensis and stip a grandis are dominant species without disturbance . While withthe grazing pressure increasing , the number of Leymus chinensis and stip a grandis decrease , else A rtemisia f rigida and
Cleistogenes squarrosa increase ( Liu et al . １９９８) . Based on the concept of �Ecosystem Health" ,�Ecological Integrity" , andthe theory of information ( Ulanowicz ２０００ ) and community characteristics under different grazing pressure , we explored amodel for assessing the steppe ecosystem health . This model combines the function , or vigor ( V ) , structure , or organization( O) and resilience to perturbation ( R ) of steppe ecosystem and its environmental conditions ( C) , which we call it CVORmodel . The objective of this study was to provide a synthetic , simple , accurate and suitable method for grassland ecosystemhealth assessment and management .
Materials and methods The site was on the permanent field sites of the Inner Mongolia Grassland Ecosystem Research Station( IMGERS) , located in the Xilin River Basin , Inner Mongolia Autonomous Region , China (１１６８４２０ E , ４３８３８０ N) . The siteshave been fenced‐off since １９７９ , preventing grazing by large animals . But out of the fence , there is still large animals grazing .Except this site , with contrast , we also select a rangeland which named Xilinhua Pasture located on the southwestern ofDowuzhumuqin County . Firstly , we used Leymus chinensis steppe in １９８１ as a reference ecosystem which can be representativeof undisturbed , climax steppe communities , and then established the calculation formulae for simulating the vigor , organizationand resilience of steppe communities . In this model , we used the direct effective precipitation as index reflecting theenvironmental conditions . Finally , the feasibility of CVOR model was tested by analyzing the influence of grazing pressure andfencing protection on the health of typical steppe ecosystem .
Results and discussion In order to compare the CVOR value and reflect the ecosystem health conditions , we used the quartationto distinguish the health condition of different ecosystems ( Table １ ) . Through analyzing the correlation between CVOR valueand other independent index including C ,V ,O ,and R , it shows ０ .６５０ ( p ＜ ０ .０５) , ０ .７１０ ( p ＜ ０ .０５ ) , ０ .１８４ ( p ＜ ０ .０５ ) , and
０ .８７６ ( p ＜ ０ .０１) , respectively . Grazing , especially persistent grazing incurs the decrease of biomass production and the changeof dominant species in the communities . So it leads to the ecosystem health on the condition of unhealth or alarm . Fencing andcutting also have effects on the condition of steppe ecosystem health . In this study , fencing and mild cutting have the positiveeffects on the ecosystem health ( Figure １ ) . This model was developed on the data collected from typical steppe , so it limits toassess this ecosystem . But the method and the calculation formulae can also be used on other steppe ecosystem if selecting therelevant plant species .

　 　 Figure 1 CVOR o f the ty p ical step pe
ecosystems .
(I ～ I I I Field site on 1984 , 1994 , and
2004 , respectively ; IV outside o f f ence on
2004 still f ree graz ing ; 1 ＃ ～ 4 ＃ p lots
number in X ilinhua Pasture) .

Table 1 Condition o f ecosystem health .

CVORValue Conditionof health CVORValue Conditionof health

[０ ,０ T.２５〕 Crash [０ !.５０ ,０ .７５] Alarm

[０ �.２５ ,０ .５０〕 Unhealth [０ !.７５ ,１ ] Health

ReferenceLiu Z L , Wang W , Liang C Z et al . ( １９９８ ) . The Regressive SuccessionPattern and its Diagnostic of Inner Mongolia Steppe in Sustained andSuperstrong Grazing . A cta A grestia Sinica ６ , ２４４‐２５１ .
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Molecular identification of 24 Cynodon cultivars using SRAP markers
Z .Y . W ang and J .X . L iu 倡
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Sequence‐related amplified polymorphism ( SRAP ) is a novel molecular marker technique designed to amplify open readingframes ( ORFs) . The SRAP analytic system was set up and applied to Cynodon germplasm identification in this study for thefirst time . Twenty‐four Cynodon cultivars were screened by SRAP technique with ９０ primer combinations . In the analysis , ３０primer combinations produced stable and reproducible amplification patterns in three repetitive experiments . Among the total
２７４ amplified fragments , ２４９ ( ９１％ ) were polymorphic , with an average of ９ f ragments for each primer combination , rangingin size from １００ to ５００ bp . The ２７４ f ragments were visually scored one by one and then used to develop a dendrogram withUnweighted Pair‐Group Method Arithmetic Average ( UPGMA) , and the ２４ Cynodon culrivars were divided into three majorgroups at the ０ .６９ similarity level , many of which were in agreement with known pedigrees .From the total ２７４ f ragments , １３amplified by one primer combinations , Me５‐Em７ , was able to discriminate between all the ２４ bermudagrass cultivars ( Figure
１) . The DNA fingerprints were then converted into binary codes , with １ and ０ representing presence and absence of thecorresponding amplified fragment , respectively . In the DNA fingerprints , each of the ２４ Cynodon cultivars has its uniquebinary code and can be easily distinguished from the others . This is the first report on the development of SRAP technique andits utilization in germplasm identification of Cynodon cultivars . The results demonstrated that SRAP is a simple , stable ,polymorphic and reproducible molecular marker technique for for differentiating bermudagrass genotypes and for determininggenetic relationships among them .

Figure 1 The 13 selected SRA P f ragments used f or constructing the DNA f ingerp rints o f the 24Cynodon cultiv ars .Numbers below the f igure are the numbered samp les o f the 24 Cynodon cultiv ars ;
numbers on the le f t side o f the f igure are the sizes (bp ) o f corresponding f ragments o f the marker ;
numbers on the right side o f the f igure are the f ragments that were selected and used f or constructing
the f ingerp rints o f the 24 Cynodon cultiv ars . ; M : DNA marker (50bp , Promega) .
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Affect of fencing on community structure and species diversity of Eragrostis nigra on degraded
grassland in Karst Area
Wu Wen‐rong ,Deng Ju f en2 ,H uang Biz hi1倡 ,Y uan Fuj in1 ,H uang Mei f en1
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Introduction Backspiked lovegrass ( Eragrostis nigra ) played a very important role in grassland resources in Karst area .However , because of over grazing in the long past , it caused a serious degradation of grassland and heavy soil erosion , leadingto the continual expansion of bare land in the area . The trial , through three‐year observation , was aimed at effect of restorationof Eragrostis nigra vegetation on the degraded grassland by means of fencing so as to provide theoretical foundation andpractical measures for sustainable utilization of the grassland in karst area .
Materials and method the trail was conducted at hill site in Qiubei county , Yunnan( East longitude １０３°５２′ , north latitude ２４°
０４′ , elevation ２３００ meters , annual rainfall １１２０mm , annual temperatures １３ .４ ℃ ) w ith １hm２ fenced to compare with natural
grazing without fencing . The vegetation of the trial land was dominated with Eragrostis nigra and Shiny cinqueflil ( Potentila
f ulgense ) and the total coverage of the community was about ６０％ ‐７０％ with sward height about １５cm in average . Thecoverage , density , height and biomass of the vegetation community were measured before the trial and the same items wererecorded in September each year during the trial phase .
Results The results showed that :(１) Coverage of pasture was increased from ６０％ ( before fencing ) to １００％ after fencing . Thequantity characters and spatial characters of dominant species changed regularly , such as sward height was increasedsignificantly ,both blackspiked lovegrass and Shiny cinqueflil ( Potentila f ulgense ) wereincreased significantly and dominatedupper synusia gradually . The density of blackspiked lovegrass was decreased annually . ( ２ ) Comparing with control ,richnessindex of community and indexes of Margalef were increased significantly during three years by fencing . Indexes of Menhiniekwas increased significantly in the second and third years . Diversity indexes of Shannon‐Weaver was increased significantly in thesecond year ,but it was not significant in the third year . There was no significant difference on Pielou evenness index in therestoration processing of degraded pasture . ( ３ ) Clustering between community of different fencing phase , ５ communitiescluster ３ kinds , Ⅰ ( before fencing and without fencing ) , II ( second year and third year ) , III ( first year after fencing ) .( ４ )Second years and third year af ter fencing ,the total above‐ground biomass ,grass and forbs were increased significantly . Thelegume biomass after four months of fencing was higher than those of control , sixteen months and twenty‐eight months afterfencing . After twenty‐eight months of fencing , the total biomass of pastures increased ４ times ( comparing with control) ,andreached to ５ .８ t / hm２

（DM ) . There was also a obvious change in community of vegetation with ratio of grass and legumeincreased from ２１％ to ５５％ ,forbs decreased from ７６％ to ４３％ , and legume decreased from ６％ to １％ .
Conclusions With fencing , the vegetation coverage in the trial grassland was greatly improved , which effectively controlled thesoil erosion . At the same time , after fencing , the sward height , output of the biomass and the productivity of the grassland allwere improved in large standard . The ratio of perennial grass in the vegetation was largely increased , while that of the fordsdecreased after fencing , which , in turn , significantly improved the quality of the grassland , maintaining the sustainableutilization of the grassland . Fencing treatment improved the species diversity in the community of the grassland , maintainingthe stability and capability to stressing of the community of the grassland . Therefore , on the degraded grassland dominatedwith Eragrostis nigra , fencing was an effective technical measure for restoration . In the actual practice , it was suggested thatdegraded grassland could be used again af ter third year of fencing . Rotational grazing with adequate grazing was recommended .
ReferencesZhou Huakun , Zhou Li , Liu Wei . Affect of Fencing on Degraded and Undegraged Artemisia L . Sward . [ J] China Grassland

２００３ ,(５) ,１５‐２２ .K .A . Wolkort ,J .C .Gorden . Eco‐system — the Science of Balance and Management [ M ] T ranslated by Ouyan Hua ,WangZhenquan . Science Press , Beijing , ２００２ ,４０‐４９ .
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Research on the enaction of right of nomadism in grassland
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Introduction The right of nomadism refers to this right that specified persons carry out nomadism for themselves in designatedarea based on the law ful administrative license . The nomadic and dynamic styles of producing , living that we have followed tensof thousands of years are gradually dying out in grassland of Inner Mongolia as the appearance of construction on enclosed
pasture and grassland contract system since the eighties of the last century . Such supervisor mode that people supervisegrassland in supervising arable land way , supervise herdsman in supervising peasant way brings us three‐new social problems :
１ .Problems of existence result from pascual farmization and pascual industrialization ; ２ . Problems of ecology result fromenclosed pasture and system of set grazing ; ３ . Problems of cultural change result from changes of lifestyle .We do some studiesfor ８ years so as to resolve these problems as far as possible . We find out the following results through this research : １ .economically , husbandry system itself whether nomadism or set grazing is an unprogressive style of producing in grassland , butas another point of ecology and cultural transmission , the nomadic function of ecology and culture is irreplaceable ; ２ . Althoughenclosed pasture and system of set grazing are propitious to the social management and social service , it formed someunevadable problems of existence , ecology , cultural change .
Materials and methods In ８ years , we use three methods to study the three problems . １ . The historical method . TheMongolians are a legal nationality . In history , Mongolians had once created almost ３０ written codes . The Mongolians enforcethe system of rule by law for ７４０ years of history . We arrange the styles of grassland supervision that each regimes use from
１２０６ to １９４７ as the point of the science of politics , the science of religion and folklore in order to learn from history and scanour behaviors by means of historical lesson . ２ . The observational method . We choose part of local governments and peasants inHulunbuir grassland , Kerchin grassland , Chifeng gongar grassland , Ulan Qab hongar grassland , Xilinguole grassland , Ordossandy grassland , Alxa gobi grassland according to their respective humidity . Af ter that we carry out systemic observation andrecord as the point of politics , economics , religion , folk custom . ３ . The comparative method . We carry out comparativestudies according to cross‐perspective at the same time among the region and direct‐perspective at the same region among thehistory and intersectional‐perspective at the different time and region .
Conclusions We can see that nomadism is the best styles of producing and living through history and reality . Nomadism is notonly conform to natural property of grassland but conduce transmission of nomadic culture . So we suggest that full‐scalessystem of nomadic license comes into force in grassland of Inner Mongolia . The scale of nomads and nomadism is on the basis ofcarrying capacity of grassland . １ .dismantle the enclosed pasture , cancel the system of set grazing and set the right of nomadismlegally and carry out the system of admittance in the nomadism according to administrative license . ２ . The government shallcarry out transitional resettlement to part of nomads who cannot carry out and refuse nomadism and exceed carrying capacity of
grassland .
This project is found by Wu Zhizhong ( Assistant Secretary‐General of the Inner Mongolia Autonomous Region People摧sGovernment ; Director of the Inner Mongolia Autonomous Region People摧s Government Legislative Affairs Office ; Leadingresearcher of the project team on �Research on the enaction of right of nomadism in grassland" , Inner Mongolia DianZhangInstitution of law and sociology) .
ReferencesEerdengtai , Wuyundalai , Secret history of Mongolia , Inner Mongolia People摧s Press ,１９８０ .General History of Mongolian Nationality , Inner Mongolia University Press ,２００３ .
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Research on the folk assessment indicator system of the surviving environment of pastoral area‐
taking Damao banner as an example
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Introduction At present , the monitoring and assessment indicator on grass ecological environment have formed a relatively ripesystem . In this paper , all kinds of monitoring and assessment indicator are excavated and reorganized , and a new system isformed in view of the folk community , from which the herdsmen can judge the property and degree of grass survivingenvironment they face .
Study method According to conducting on‐the‐spot interview to the herdsmen of the central and western pastoral areas of InnerMongolia , the method of questionnaire survey is taken to collect and organize the monitoring and assessment indicator existedamong the folk and community摧s surviving environment . The indicator is then chosen and sorted out according to the principleof assessment indicator of ecological environment . The indicator system chosen firstly is taken to operate on the spot to furthercheck and correct , and then a new system of monitoring assessment indicator is put forward on the basic of survivingenvironment of the community between pastoral areas . An evaluation on ecological environment is carried by the assessmentindicator system of both folk and academia , the result of which is compared to confirm the feasibility , serviceability , andrepresentation of this system .
Analysis of result Taking the Damao banner Pastoral Area of Inner Mongolia as an example , from the investigation of theherdsmen of this area , they mainly judge and evaluate the ecological environment by the condition of grass variety , livestockreproductive ability and body weight stable and hydrology river system variety . According to the definite principle of theecological environment of pastoral area and the character of the plant , hydrology indicator , domestic animal indicator , etc , isdefinited as the first level indicator ; at the same time , the second level indicator is chosen in view of integrity , scientific nature ,independence , simple and qualification .
Conclusions Through the research of questionnaire survey to the herdsmen of pastoral area , the combination of the monitoringand assessment indicator system is proposed in view of the folk survival environment of the pastoral area[ ２ ] . On the Damaobanner grassland of the western Inner Mongolia , the ecological environment assessment is carried according to this newassessment system and the traditional one , compared with the similar reason , the feasibility , operation , and representation areconfirmed then .
Table 1 The monitoring and assessment indicator system .Evaluation Concrete indicator Rank division and classification
indicator mild moderate germinates
Plantindicator

Hydrologyindicator

domesticindicator

Vegetation coverage after the rain time ( vegetation coverage areaper area) ( ％ ) ≥ ４０ �４０ ～ ２５ c２５ ～ １０ ǐ
Quality and grow th of fine grass type after budding in spring( drop/ reduction) ( ％ ) ≤ １０ �１０ ～ ３０ c≥ ３０ O
The height of plant stopping grow th in autumn ( being eaten )( cm) ≥ ５ 怂５ ～ ２  ≤ ２ !
Drop scope the subsoil water level in the well ( m) ≤ ２ 怂２ ～ ３  ≥ ３ !
The rainfall time of the time of rain coming and fit grass grow thin the season ( compared with average level �A " in the fiveyears) ( reduction or drop) ( ％ ) ≤ ２０ �２０ ～ ５０ c≥ ５０ O
Variety of peripheral river system ( reduction of basin area) ( ％ ) ≤ ３０ �２０ ～ ６０ c≥ ６０ O
The day‐increasing weight of the season of lamb reproduction( kg / day) ≥ ０ 怂.３５ ０ |.３５ ～ ０ .２５ ≤ ０ !.２５
The increasing scope of domestic animals摧weight in autumn(�A"compared) ( reduction or drop) ( ％ ) ≤ ２０ �２０ ～ ５０ c≥ ５０ O
The rate of animals possessing per grass area ( sheep/ hm２

／halfyear) １ n.４５ ２ |.６３ ５ 哪.２６
ReferencesHan Guo‐dong , (２００１) .Biomass Formation of Stipa brev i f lora Desert Steppe Under Simulating U tilization . Journal o f A rid

L and Resources and Env ironment . Vol １５ NO . ５ , Dec , １２３ .Jiao Shu Ying , ( ２００６ ) . The response of Stip a brev i f lora grassland ecosystem to sheep stocking rates . Inner MongoliaAgricultural University doctor degree paper . ８７‐９ .
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The Effect of Different Interval between Pasture Belts on Water and Soil Conservation
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Introduction The study was conducted on the impact of different intervals between pasture belts on water and soil conservationas well as on physical and chemical characteristic of soil on the sloping arable land with the elevation of １５° . Results indicatedthat water and soil erosion could be effectively controlled by planting pasture in belts on the sloping land . The shorter theintervals between pasture belts were , the better results it would be in terms of erosion control . However , if considered thebalance of soil erosion control and cropping for proper land utilization , it was suggested that １３ meters of the interval betweenpasture belts would be recommended .
Materials and methods The trail was conducted on the sloping arable land with the elevation of １５° in Xuanwei city with methodof randomized factorial design of each interval treatment with three replications and three different treatments in total as A , ２ .
５m × １７m ,B ,２ .５m × １３m and C , ２ .５m × ９m in plot size . Each plot was furrowed １５cm in depth and sprayed with chemicals tokeep the surface bare all the time with the edge of each plot covered with plastic and brick . At the lower end of the plot ,
pasture belt of ０ .５m in width was established with T rifolium repens and Setaria sphacelata cv . Narok at ratio of １ ∶ １ and
１５kg / hm２ sowing rate in total . A soil runoff collecting ditch was made at the bottom of each plot to measure the unit soil runoffand soil erosion af ter rain . The soil hardness , unit weight , organic matter and the content of N , P and K were measured in two
years of time on different layer of the soil in each plot from ０ to ５cm , ５ to １０cm , １０ to １５cm and １５ to ２０cm .The result of theexperiment was achieved from the analysis of changing pattern of physical property of the soil and the soil runoff .
Results On the sloping land with elevation of １５° , the soil hardness and unit weight on the bare surface of treatment A ,B and Cdecreased yearly with soil hardness of B and C reached ５６ .６０％ , ２２ .０６％ and unit weight of B and C , ５６ .０８％ , ３８ .０４％ thatof A respectively . Soil fertility of all treatments degraded annually , worse on the top part . The degradation of organic mattercontent , total and available P , N and K of B and C was in the sequence as A(１７m) ＞ B(１３m) ＞ C(９m) ,which was the sameas that of soil runoff , soil physical property . There was a significant difference between treatment A and B , but not quitesignificant between B and C . it was suggested from the experiment that considering the ideal combination of soil and waterconservation and grain cropping , the treatment B of １３m interval between pasture belts would be the best choice .
Table 1 Main items analyzed in the ex periment .

Yearitems
２００３  ２００４ Ζ
A B C A B C

soil hardness ( KN) ０ 敂.０９９７ ０  .１１２６ ０ 殮.１１３１ ０  .１１３３ ０ 煙.１２１３ ０ ".１１６５
soil unit weight ( g / cm３ ) ０ 敂.９５６２ ０  .９７１０ ０ 殮.９６１６ １  .０２４６ １ 煙.００９９ ０ ".９８７８
organic matter ( g / kg ) ４１ 侣.５２ ３８ E.７９ ４０ 热.１４ ３７ J.３０ ３５ 屯.５０ ３７ P.４５
total N ( g / kg ) １ 敂.６３ １  .５５ １ 殮.５６ １  .０９ １ 煙.０７ １ ".０８
total P ( g / kg ) ７ 敂.８４ ６  .９８ ７ 殮.６２ ５  .２２ ４ 煙.６４ ５ ".１５
available P ( mg / kg ) ７ 敂.４４ ７  .２４ ７ 殮.２３ ４  .９６ ５ 煙.０６ ５ ".２４
total K ( g / kg ) ５ 敂.４４ ４  .８４ ４ 殮.７１ ５  .０６ ４ 煙.４７ ４ ".３８
available K ( mg / kg ) ９３ 侣.３６ ８８ E.８２ ９５ 热.０６ ７７ J.２７ ７４ 屯.７４ ８３ P.１１
surface runoff ( m３ / hm２ ) １７１ 痧.０７ １３０ s.３８ １００ 鲻.３２ １４６ x.８５bB １２８ �.３８aA １２６ ~.７１aA
soil erosion ( kg / hm２ ) １２８０  .７cB ７９０ s.２bA ６９４ 鲻.６aA １００８ Ζ.２cB ７４１ �.２bA ６２６ ~.６aA
Conclusions Mounttainous area takes up ９４％ of total land in Yunnan , where soil erosion occurred easily . It significantly
protects fertility and soil from lossing by establishing pasture belts while cropping on the intervals , which benefits bothlivestock grain cropping and is a kind of good maens for soil and water conservency and sustainable production under the
practical rural situation in China .
ReferencesChe Weiguang , Zhao Xiaoshe . A Study on Effect of Soil & Water Conservation on Restored Grassland from Cropping .[ J ]

Journal o f Y unnan A gricultural University , ２００７ , ２２(５) :７３１‐７３５ .Zhang Yan , Zhang Hong , Peng Buchu . Soil Erosion and Losing of Soil Fertility in Agricultural Land under Different LandUsing Methods . [ J] Soil and W ater Conservation Report , ２００３ ,２３(１) :２２‐２７ .
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Desertification mapping by Iranian Classification of Desertification ( ICD) method(case study :
Kohdasht watershed in Iran)
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Introduction In order to challenging with desertification , it is necessary to do some scientific research and assessment indifferent parts of the world . The results may help to control and reduce the damages resulted from this phenomenon . In manyregions of the world especially in arid and semi‐arid ones , studies have been done to assess the land degradation rate ,degradation status and mapping .
Materials and methods At the first maps of landuse and vegetation cover of the region were considered to determine naturaldesert lands and then work unit map consist of geology , topography and geomorphology were prepared .According to the ICDmethod the criteria used for assessment of desertification condition include environmental and anthropogenic factors as well asdesertification indicators . With this frame work , several factors and sub‐factors were considered .
Table 1 The classi f ication o f deserti f ication intensity in ICD method .Sever High Medium Low Slow Desertification Rate
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Results and discussion The results of scoring and evaluation of ICD method is summarizes in Figure １ .
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Figure 1 The map o f desertif ication rate p resented by ICD method in Kohdasht .

The appropriate criteria and factors were selected to evaluate desertification condition in Kohdasht basin . Anthropological factoris a major problem in the study area to environmental factor . Among the effective major factors of desertification , factors ofwater supply destruction , soil erosion , land degradation , vegetation destruction and quantities condition of water and soilresources have significant roles on desertification phenomenon respectively The average quantitative factors of desertificationintensity for the region is DR ＝ 39 .2 which shows medium of desertification class .
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Advice on the exploitation and protection of grassland ecotourism resources in China
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Distribution and category of grassland eco‐tourism resources in China Grassland in China is widespread along the west ofnortheast China , Inner Mongolia , mountains of northwest desert and Qinghai‐Tibet Plateau , lying along １２ provinces betweenlatitude ３０‐５０° north , with an area of ３ .５７ billion mu . Being the first in the world for its diversities , grassland in China rangesfrom tropical‐subtropical , temperate zone to alpine ones , consisting of １８categories and ３７ subcategories with more than １０００
grass types . There live on grass bountiful rare wildlife and produce many kinds of precious Chinese herbal medicines . Whatconstitutes the grassland eco‐tourism landscape is mainly the large‐scale grassland on plateaus and plains .
Patterns of grassland eco‐tourism resources exploitation and utilization The appealing resource foundation‐grassland vegetation ,integrated with its surroundings like hills , plains , rivers , watercourses and buildings will unfold a tranquil and enchantingtourism scenery . Special herbs , wild edible plants and specialized products can be supplied to tourists . Pleasantly cool weatheris the primary attraction for summer resort . Inhabited by various ethnic groups of Mongolia , Kazakh , Tibetan , Manchu andYugur , the unique ethnic customs are another important attraction of the grassland . Currently , there are different patterns oftourism products , which are typically natural grassland landscape , wildlife tour , grassland popular science education tour ,science tour , grassland camping and custom tour .
Superior grassland eco‐tourism resources Grassland can be characterized by the geographical position , weather condition ,vegetation , eco‐system features , and social and humanistic features . Inner Mongolia step pe is the largest natural pasture inChina , lies across the east to the west , respectively , meadow‐typical‐desert steppes . X inj iang mountain step pe is in thecontinental center with typical continental climate , as sub‐mountainous meadow plant area , it has been a prominent pasturesince ancient times . Qinghai‐Tibet alp ine grassland , over ４０００ meters above sea level is the highest plateau on earth摧s surface ,it is mainly large amount of alpine meadow and rangeland , with an area of ２ .５ million km２ .
Suggestions on exploitation and protection There are wide differences in grassland eco‐tourism resources in China . The varietiesof ethnic customs and traditions melted in nature are the superior resources , which can integrate eco tour , academic exchange ,science and tech cooperation as well as eco education .
Local governments at all levels around grasslands are recommended , firstly , to have a correct understanding of the role oftourism in integrated utilization of grassland resources , and develop grassland tourism for the sake of the new economic grow thengine ; secondly , based on profound grassland eco tourism survey in terms of topography , location conditions , infrastructures ,and different markets , to analyze and assess the feature scientifically and utilize them by step and by focus ; thirdly , to strictly
plan the spatial distribution of eco‐tourism areas by function , and restrict the tourist amount to eco‐environment capacity evenin tourist relaxing areas ; fourthly , to adhere the principle of eco‐bound in product design and project planning with the stress oneco‐tourism .
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Information technologies for rangeland monitoring :what do they need to address ?
Dav id D . Briske , Texas A &M University , College Station TX , USA ; Brandon T . Bestelmeyer , USDA‐ARS Jornada
Ex perimental Range , New Mex ico State University , L as Cruces NM , USA ; Maria Fernandez‐Gimenez , Colorado State
University , Ft . Collins CO , USA and Mark Staf f ord‐Smith CS IRO Sustainable Ecosystems , Canberra , A ustralia ; A uthor
correspondence :dbriske＠ tamu .edu

Key points : We advocate that the success of rangeland monitoring can be enhanced with the development of a moreencompassing conceptual framework , in addition to greater technological capacity . Important conceptual constraints includeambiguous monitoring goals , minimal integration of scientific , professional and local knowledge , the inability to addressmultiple ecological scales , and the absence of comprehensive monitoring‐management‐policy networks . Ecological resilience isproposed as a platform to integrate the complexity of social and biophysical systems and to link local , professional and scientificknowledge sources . We outline the components of a comprehensive monitoring framework that is based on a mutualcommitment to collaborative learning and action among multiple stakeholders to promote social‐ecological resilience .
Key words : ecological resilience , knowledge sources , rangeland management , social‐ecological systems
Introduction

Global rangelands are characterized by diverse ecosystems that represent ４０％ of Earth摧s land area . The extent and diversity of
global rangelands provide numerous ecosystem services to human societies ( e .g . , climate regulation , biodiversity , as well asfood , fiber and water) ( Havstad et al . , ２００７ ) . Therefore , the sustainability and continued provisioning of these services inresponse to natural and anthropogenic disturbances is of major concern . Monitoring is required to document and anticipateecosystem responses to various disturbances , direct management actions , and promote wise stewardship . The ability toanticipate pending ecosystem change provides the greatest opportunity for adaptive management to direct and manage change ,rather than merely respond to it ( Folke ２００６ ) . Although the importance of monitoring is widely recognized and numerousprotocols exist , the rangeland profession is currently in the process of designing and implementing a modified set of monitoringprotocols to provide broader ecosystem assessments and more directly address the contemporary needs and expectations ofsociety .
The major components of effective rangeland monitoring have been well defined and they include the following (Western ２００３) .
１ . Possess the capacity to scale from local to landscape and regional levels to encompass the complexity of human‐dominatedsystems .
２ . Expand beyond conventional measures of vegetation composition and soil surface characteristics to more comprehensiveassessments of ecosystem services and human activities .
３ . Continue to refine models of ecosystem function to encompass the realities of complex , open and adaptive systems dominatedby human activity .
４ . Recognize and address multiple stakeholder groups , including cultural , socio‐economic and governance considerations .Even though there is wide recognition and general support for the inclusion of these monitoring components , implementation iscomplex and variously constrained by numerous issues including , land ownership and use patterns , ineffective assessments ofmonitoring success , and limited stakeholder participation . Taken to its logical conclusion , the recommended components ofeffective monitoring encompasses an unique approach to rangeland management that represents a radical departure from theprevailing command and control structure that has dominated natural resource management since the middle of the last century( Holling １９９６ ; Reynolds et al . , ２００７) .
Our approach to this pivotal , but daunting challenge is to provide a broad conceptual framework for organizing andimplementing the recognized components of effective rangeland monitoring . This approach is based on the premise that thelimited success of previous monitoring protocols has been a consequence of inadequate conceptual constructs , in addition toinsufficient technical capacity . The most important conceptual constraints include broad and ambiguous monitoring goals ,minimal integration of scientific , professional and local knowledge , the inability to address multiple ecological scales , and theabsence of comprehensive monitoring‐management‐policy networks . The paper concludes with a brief conceptual frameworkdescribing how these critical monitoring components can be organized and implemented to assess the resilience of social‐ecological systems .
Significance of Monitoring Goals and Protocols

Monitoring protocols are required to define the status or condition of specific biotic groups or entire ecosystems in response tostresses and disturbances (Dale and Beyeler ２００１) . Ecological indicators represent key variables that are assumed or have beendemonstrated to provide information about ecosystem attributes and processes that are relevant to managers , but that aredifficult to assess directly .
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Attributes of effective ecological indicators for inclusion in monitoring protocols include :
１ .Easily implemented , cost‐effective and provide relevant information to various stakeholders .
２ .Provide anticipatory information about ecological processes that can inform management actions .
３ .Predictable and responsive to single or multiple stresses and disturbances placed on ecosystems .
４ .Applicable or adaptable to a broad range of climatic , soil and vegetation variation and over a wide range of ecological scales
(Dale and Beyeler ２００１) .
However , monitoring is often implemented with ambiguous goals that make little provision for scale of assessment and mutiplestakeholder interests ( e .g . management unit , regional and national assessments ) . This makes it difficult to address specificstakeholder concerns , determine monitoring success , and modify protocols to more effectively address various objectives . Thedevelopment of explicit monitoring goals should begin with a rigorous , objective reevaluation of current goals with the bestlocal , professional , and scientific knowledge available . Even well‐designed and implemented monitoring protocols will notcontribute to effective rangeland stewardship if they are not focused on the appropriate goals or issues . This reevaluation ofmonitoring goals has been prompted by both an advance in ecological knowledge and a modification of societal expectations ofthe services derived from rangelands . The implementation of ambiguous monitoring protocols produces a high probability offailure because of a potential mismatch between monitoring goals and the specific assessments employed . We argue thatadditional integration of multiple knowledge sources and greater participation of various stakeholder groups will enhance boththe relevance and success of rangeland monitoring .
Multiple Knowledge Sources

Previous monitoring efforts have been constrained by not only the complexity of biophysical systems and diverse stakeholder
groups , but also by multiple knowledge sources that influence management decisions (Burns et al . , ２００６) . We recognize threebroad knowledge sources that influence decision making on rangelands . First , local knowledge refers to experiential knowledgethat is developed from direct interaction with the land , often to provide a source of livelihood , that is transferred between
generations and among members of a community . Second , professional ( i .e . , expert ) knowledge represents the conventionalwisdom collectively held by formally trained rangeland professionals that has become institutionalized across multiple
generations . Third , scientific knowledge is acquired by a systematic process of data collection , statistical analyses , hypothesistesting , and peer review . Professional knowledge is perhaps the most complex because it includes aspects of both experientialand scientific knowledge in varying combinations that have been organized to address various management goals .
Multiple knowledge sources provide a wealth of rangeland information , but they often function in parallel because fewmechanisms exist for information exchange among them . Consequently , the convening of multiple stakeholders who holddiverse knowledge sources often produces competing goals , misunderstanding , and occasionally antagonism among groups thathinders the development , implementation , and interpretation of monitoring protocols . We consider effective informationexchange among the various knowledge sources to be as great a challenge as that of technical capacity for effective rangelandmonitoring ( Burns et al . , ２００６ ) . In cases where various knowledge sources conflict , there may be an opportunity to testhypotheses through monitoring by using adaptive management . In cases where scientific knowledge is absent or inconclusive ,local knowledge may be a valuable information source to construct a more robust understanding of ecosystem dynamics . In otherinstances where scientific information is conclusive , it can be used to validate or modify local and professional knowledge . Therangeland profession desperately requires a mechanism to facilitate communication and foster participation among these variousknowledge sources to promote more effective monitoring of global rangelands .
Toward a Comprehensive Monitoring Framework

We perceive the major challenge to the development of effective monitoring to reside in the identification of a framework thatcan accommodate the biophysical complexity of rangeland ecosystems , multiple sources of knowledge , and the humandimensions of these social‐ecological systems ( Reynolds et al . ２００７ ; Stafford Smith et al . , ２００７ ) . We advocate that thisframework must have a strong underpinning in ecological theory to accurately represent the biophysical structure and dynamicsof rangeland ecosystems . However , it must also explicitly incorporate local and professional knowledge because reductionistscience can not answer all ecosystem scale questions relevant to ecosystem management ( Herrick et al . , ２００６) .
Ecological resilience as a central tenant of rangeland monitoring

Ecological resilience describes the amount of change or disruption that is required to transform a system from being maintainedby one set of mutually reinforcing processes and structures to a different set of processes and structures ( Peterson et al . ,
１９９８) . This interpretation of resilience assumes that ecosystems can be expressed as two or more alternative stable states andemphasizes the potential occurrence of state transitions or thresholds between stable states . Thresholds represent the conditionsin which the limits of ecosystem resilience have been exceeded and alternative states form ( Figure １ ) . These concepts arecommonly presented as state‐and‐transition models ( STMs) that include identification of potential alternative stable states thatmay exist on a site and the natural and anthropogenic mechanisms that force states across thresholds to alternative states
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( Briske et al . , ２００５) .
We advocate that greater attention be directed toward resilience‐based monitoring because it emphasizes the conditions anddynamics that influence state proximity and vulnerability to potential thresholds , in addition to identification of the thresholdsthemselves (Briske et al . , ２００８ ) . Greater knowledge of resilience improves the ability to manage ecosystem change , ratherthan merely react to it , by providing opportunities to incorporate adaptive management ( Folke ２００６ ) . Ecological resilience ofdesirable states can be reduced by improper land use practices ( e .g . , fire suppression , overgrazing ) and extreme environmentalconditions ( e .g . , multi‐year drought , intense storm events ) , both independently and in combination . The loss of resiliencemay often be expressed as a slow imperceptible decline over periods of years and decades that increases the probability ofthreshold occurrence and the formation of alternative stable states ( Scheffer and Carpenter ２００３ ) . Alternatively , the loss ofresilience may result from an abrupt change in ecosystem pattern and process induced by severe episodic events such as ５００ yearstorms or multi‐year droughts that act on low resilience systems ( Walker et al . , ２００４ ) . We envision this robust ecologicalconcept to lend itself to monitoring application with various levels of sophistication and at various ecological scales .
The key to successful implementation of resilience‐based monitoring is the development of a suite of effect indicators linkingecosystem structure and function . Process is of ten inferred from structural variables and patterns because it is often impossibleor impractical to directly measure process rates given the expanse and complexity of rangeland ecosystems . Recognizableindicators and benchmark conditions can identify when states are approaching thresholds as well as how far states have movedbeyond thresholds after they have been crossed (Briske et al . , ２００８) . Indicators of decreasing state resilience ( e .g . , increasingsize and connectivity of bare patches ) forewarn managers that actions must be taken to stabilize resilience and minimize thelikelihood of crossing a threshold . Similarly , indicators of alternative state resilience ( e .g . , height and density of encroachingshrubs) after thresholds have been crossed will provide information concerning both the probability and appropriate
prescriptions for implementation of successful restoration procedures to recover former states .

Figure 1 Ecological resilience can be env isioned as state movement tow ard or aw ay f rom potential thresholds . Circles w ithin
states correspond to community phases that possess v arying degrees o f resilience based on their p rox imity to potential
thresholds . A n increase in negative f eedbacks enhances resilience and moves states away f rom thresholds , while an increase in
positive f eedbacks diminishes resilience and moves states toward thresholds . T riggers rep resent events that immediately
induce states to exceed their resilience limits and cross thresholds to alternative stable states .

Monitoring across ecological scales

Monitoring protocols must be able to assess processes that drive ecosystem change among various scales of organization( Bestelmeyer et al . , ２００６) . Key patterns and processes at fine scales include , individual plant grow th and reproduction , smallpatch development and distribution , and plant or patch grazing . Intermediate scales are represented by variously arranged largerpatches of self‐organized plant groups that affect levels of resource availability by capturing overland water flow and soildeposition . At the broadest scales , the geographic distribution of plant communities and ecosystem resilience is influenced by
patterns of geomorphology and climate , and the history and pattern of land use may feedback to affect climate and geomorphicchange ( Scheffer and Carpenter ２００３ ; Reynolds et al . , ２００７) .
These scale‐dependent processes further interact to form cross‐scale interactions within landscapes and regions ( Peters et al . ,
２００４) . For example , impacts on individual plants at fine scales collectively affect larger patch structure and thus broader‐scaleprocesses such as erosion . Changes in regional ground cover and land use patterns may further influence climate by modifyingatmospheric chemistry , dust emissions , and albedo . Regional climate processes , in turn , determine how local‐scale disturbanceregimes translate into changes in local patch development and distribution . Broad‐scale socio‐political processes further interact
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with biophysical processes when changes in national land‐use policies drive changes in local land‐use decisions . Monitoringfailures can of ten be attributed to a mismatch between the scale of dominant processes and the scale of assessment . Forexample , fine‐scale monitoring of vegetation transects may not provide an indication of patterns that could be detected byremote sensing of larger scales , such as the acceleration of gully formation and runoff that eventually alters water availability inupland portions of the system ( Pringle et al . , ２００６) .
T raditionally , monitoring protocols have focused exclusively on indicators of fine‐scale and�fast�variables such as plant coverand production that are measured at a few discrete locations and points in time ( Reynolds et al . , ２００７ ) . These variables areimportant for short‐term tactical decisions , but they may not necessarily be correlated with long‐term ecosystem change .�Slowvariables�represent less dynamic , broad‐scale responses ( e .g . , nutrient redistribution , functional group replacement ) thatunderlie long‐term ecosystem change that in turn may feedback to influence subsequent fine‐scale change and the response offast variables . Techniques that assess the spatial pattern of patches , and long‐term changes among them , across continuousareas and how fine‐scale processes produce contagious effects over long time frames require greater development andimplementation (Bestelmeyer et al . ２００６ ; Pringle et al . , ２００６) .
Organization of monitoring‐management‐policy networks

Monitoring and adaptive management represent mechanisms by which learning and collaborative management actions can bestructured to maintain ecosystem resilience and the social systems that depend upon them ( Figure ２) . The development of moreinclusive and effective monitoring protocols requires that rangeland ecosystems be viewed as integrally linked social‐ecologicalsystems (Walker et al . , ２００４ ; Stafford Smith et al . , ２００７) . Knowledge of ecosystem pattern and process , human and naturalimpacts upon on them , and feedbacks between ecological and social systems , is critical to determining future managementactions ( Berkes et al . , ２００３ ) . In this context , monitoring is the nexus of social‐ecological systems because monitoringinformation provides the foundation for collaborative learning and management action which is critical to ecosystem resilience .

Figure 2 A concep tual monitoring f ramework designed to cap ture critical in f ormation describing interactions o f social‐
ecological rangelands systems . Comp lex ities o f the biophysical system are riv aled by those o f social systems and several
know ledge sources ex ist to interp ret interactions among them . Emphasis on biophysical drivers must be paralleled by emphasis
on social drivers because their interactions in f luence monitoring outcomes (modi f ied f rom Sta f f ord Smith et al . 2007) .

Stakeholder involvement is important because they represent the individuals and groups that are affected by or are likely toaffect a proposed management action , and thus will influence the acceptance and application of monitoring outcomes . Inaddition , if social learning is a goal of monitoring , it can only be achieved by involving multiple stakeholders in the monitoring
process , especially the design and interpretation phases . At its best , collaborative , adaptive ecosystem management leads tomultiple‐loop social learning ; that is , learning that transcends new information about cause and effect relationships ormanagement effectiveness and inspires participants to question underlying ecological or social assumptions , and the values ,norms and governing institutions that support them ( Keen et al . , ２００５ , Fernandez‐Gimenez et al . , In Rev iew ) . This type oflearning has the potential to profoundly influence human behavior and social relationships and it may very likely be required tomodify current resource use patterns that threaten ecosystem resilience .
Recommendations for an Integrative Monitoring Framework

How do we reconcile our commitment to science‐based monitoring with the need for greater stakeholder involvement andincreasing integration of local , professional , and scientific knowledge ? The answer partially resides in a mutual commitment to
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collaborative learning and action by managers , scientists and other stakeholders to promote social‐ecological resilience (Walkeret al . , ２００４ ; Reynolds et al . , ２００７) . Participants must collectively identify the proper scales and assessment procedures thatprovide information concerning the sustainability of ecological resilience and ecosystem services . In addition , participants musteffectively incorporate social complexity into current models focused on the biophysical complexity of rangeland ecosystems .Monitoring must be understood as one critical element in the larger cycle of collaborative adaptive management ( Figure ２ ) . Inthis process multiple stakeholders , including land owners , ecosystem managers and scientists , work to define and assess thesystem of interest , establish management goals , identify alternative strategies for achieving goals , and design a managementstrategy and associated monitoring approach that will determine whether goals are being met and decrease uncertainty about thesystem摧s behavior and responses to management . Monitoring information can then be collected , analyzed , interpreted andapplied to future decision‐making . Monitoring critical linkages within social‐ecological systems will provide more robustinformation to inform management recommendations and policy decisions than focusing on biophysical systems alone .
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Information technologies for rangeland monitoring :what is available and what will be available
in the future ?
C .D . James1 , M .R .C . Ashley 1 , G . Bastin2 , and A .J . Bubb3
1 Desert K now ledge Cooperative Research Centre , PO Box 3971 , A lice S p rings , Northern Territory 0871 , A ustralia . E‐
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Territory 0871 , A ustralia . 3 N T Department o f Primary Industry , Fisheries and Mines , PO Box 8760 , Northern
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Key points :We discuss technologies and the systems associated with them that can enhance decision making by rangelandmanagers . We focus on technology and systems that are publicly available to assist land managers as opposed to those used inresearch arenas . Technology can provide data that allows informed management decisions across large scales and morerepeatably through time . We discuss three groups of technologies and information management systems : ( i) technologies toacquire spatial information ( e .g . remote sensing ) and the software that turns that data into useable management information ;( ii) technologies for remote control and management of infrastructure , livestock and natural resources ( e .g . telemetry ,automatic draf ting systems ) ; and ( iii ) information systems for planning and reporting at larger scales and at typically
governmental levels of decision making .
Key words :monitoring , technology , satellite , remote sensing , telemetry
Introduction

This paper outlines the extant and emerging technologies that support rangeland managers摧 information of current patterns ,trends and thresholds . We focus on systems of technology and the outcomes that are achievable with them rather than thetechnologies themselves . A primary reason for developing technologies and using them is so that managers have information onwhich to make decisions more precisely and more accurately in time and space . Spatial and temporal precision is becomingincreasingly necessary for several reasons . As rangeland landscapes change due to human use and longer term climate change ,critical thresholds of change need to be detected and managed ( e .g . environmental change , or animal condition) . Running a
profitable business in the ２１

st century requires that livestock are marketed effectively and that business costs are managed
precisely . Finally , a rangeland production system is an interrelated system of performance of livestock set against thebackground of climatic variability , fluctuating market prices , and spatial variability of relatively large land holdings . Marketsaside , pastoral land managers need better ways of capturing and integrating information about land and livestock conditionwhen , currently , contact with these can be infrequent and not comprehensive .
T raditionally , monitoring of rangelands landscapes has occurred for livestock production ( cattle , sheep , goats , camels , yaks ,etc) . Animal grow th rates , condition , and reproductive output are all constantly assessed along with environmental conditions .The experienced eye of a pastoralist integrates current information with his or her accumulated knowledge of environmentaltrends and responses to make management decisions . However , increasingly managers are experiencing forced change to the
production system ( costs of production affected by environmental certification , rising fuel prices , animal safety concerns ,consumer trends) or scale at which it is operated ( changing economies of scale) . Under such trends , other sources of expertdata are useful to supplement personal observations . Technological advances have provided data that allows more precisemanagement of enterprises in many sectors ( e .g . dairy , wine , transport industries , supply chain logistics , and agriculture) .Rangelands pastoral enterprises have been slow to adopt new technologies that could bring more precision and hence efficiency
gains , and yet they operate on scales and in environments where technology can make a substantial difference to profitability .
As well as technologies for monitoring , society ( through governments ) requires that land use is sustainable . A higher‐levelsynthesis of information is thus required to understand change , why change is happening and what its implications are . Not allmonitoring done at enterprise or regional scales can be scaled‐up to larger scales ( e .g . biodiversity ) and the challenge forreporting at large scales is being actively tackled . As the final part of this paper , we report on some of these national‐levelreporting systems .
In this paper , we present technologies and the systems associated with them that can enhance decision making by managers .Much of what we discuss is technological application that is under development and therefore not well publicised . While wehave attempted to find examples from many countries , the reality is that most examples are drawn from our knowledge ofdevelopments occurring in Australia .
How and why monitoring data are acquired and used

Technologies discussed in this paper provide increased amounts of data and have the potential to improve management precision .In some cases raw data are directly interpretable for management decisions :�Is a remote water pump running and does it need
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checking , yes or no ?" In other cases the technology supplies huge amounts of data that must be analysed to extract managementinformation . There are three broad ways in which information from technology is useful : ( i) greater environmental safety , ( ii)reduced costs of operating , and ( iii) increased productivity , hence�profit" . These three areas are applicable to the wide rangeof uses that rangelands are subject to , including livestock production , conservation , cultural homelands , and lifestyle living ,and they can operate at several scales . We organise the wide range of technologies and information management systems intothree groups set out below : ( i ) Technologies to acquire spatial information ( remote sensing , e .g . digital satellite imagesshowing vegetation cover ) , ( ii ) Technologies for remote control and management of infrastructure , livestock and naturalresources , and ( iii) Information systems for planning and reporting . In the examples below , we focus on the systems that arebeing developed for application with managers rather than those that are research tools .
Technologies to acquire spatial information

Satellite imagery has long been used by researchers and government agencies . Cost of acquisition , training and thesophistication of computer hardware and sof tware needed to make use of satellite imagery has limited its use by rangelandmanagers . However , there are emerging trends now to open up the use of satellite imagery for regular monitoring of thevegetation resource . These trends are driven by the availability of inexpensive sources of satellite data ( especially MODIS‐seebelow ) , and development of tools that convert satellite data into useful management information , and that bring thatinformation to managers . Satellite data , suitably processed so that useful management information is drawn out , is mostly usedfor the purpose of managing for environmental safety through assessment of rangeland condition and trend ( e .g . Bastin et al .
１９９３) , and biodiversity patterns ( Salem ２００３) . However , as remote sensing information is made more available to managers ,its uses will expand to increase productivity through the precision it can bring to understanding forage availability and forage
quality ( through greenness) and the rate of change in these .
Satellite data have been improving in spatial resolution , increasing in variety and generally decreasing in price . MODIScurrently provides the satellite data of choice for monitoring vegetation and land condition on large properties ( seehttp :/ /modis .gsfc .nasa .gov / , accessed ５ /１ /２００８) . Pixel size varies between ～ ２５０‐m and １‐km . Spectral bands cover the visible andnear infrared wavelengths allowing derivation of several vegetation indices and image capture is daily . Significantly , images arefree to access . MODIS ( and other satellite data) is extremely useful for rangelands monitoring because it regularly covers largerareas than is possible by managers with direct surveillance ( e .g . by car , helicopter , aeroplane) , and can link to historicalarchives ( to the mid １９７０s) so that trends through time can be analysed .
Apart from MODIS , there are now sources of archival digital satellite imagery available at relatively low cost that can
potentially assist land holders in managing their natural resources . For example , the Australian Greenhouse Office has made itsrectified and radiometrically calibrated archive of Landsat TM and MSS data available such that one year摧s imagery for all ofAustralia can be purchased for less than A ＄ １ ,０００ ( see http :/ / www .ga .gov .au/ acres/ prod ser / agosuite , jsp , accessed ６ /１ /
２００８) While such purchases are mainly in the realm of government , it is feasible for pastoral companies ( or their advisers) toobtain archival imagery showing historical changes in cover due to seasonal variation ( e .g . drought) , land degradation ( erosionor woody thickening ) or management practices ( fire , changed water‐point locations , subdivisional fencing , etc) .
Google earth ( http :/ / earth .google .com / ) is another free source of remote sensed information that may well be useful forrangeland monitoring . At this stage most people摧s use of it is for looking at earth views , and we are not aware of analyticaltools that assist pastoralists or other sorts of rangeland managers to understand changes , trajectories and thresholds . Thismay , of course , change rapidly in the future .
While inexpensive and potentially useful , satellite remote sensing data are not necessarily accessible to land managers because ofthe technical challenges of converting the vast amounts of data into useable management information . Privately owned and runholdings ( as opposed to government ) need this information because management decisions are made daily with limited spatialviewing of their properties , and potentially limited temporal records of historical treatments and trends . A number ofapproaches to developing software that processes satellite images into useable information have been instigated , though few are
yet at a fully developed stage ( i .e . commercial) in the rangelands . The approaches include :
Pastures from Space ( http :/ / www .pasturesfromspace .csiro .au) . This system estimates the biomass of annual‐based pasturesduring a reasonably regular growing season from remotely sensed data . Estimates of pasture biomass ( or�Feed On Offer") arecombined with climate and soil data to produce estimates of pasture grow th rate ( Sneddon et al . ２００１ ) , which farmers canaccess through a web‐based subscription . In many rangelands areas , spatial complexity of vegetation types , tree cover andhighly variable growing seasons preclude the derivation of robust statistical relationships between remotely sensed estimates ofvegetation cover and pasture biomass , hence other approaches are being developed ( see below ) .
The AussieGRASS model ( Rickert et al . ２０００ ; Carter et al . ２００３) simulates pasture biomass based on interpolated rainfall ( in
０ .０５ degree grid cells) , regionally appropriate pasture grow th models and regional estimates of grazing pressure ( see http :/ /www .longpaddock .qld .gov .au/AboutUs/ResearchProjects / AussieGRASS / index .html) . AussieGRASS products contribute
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to regional understanding of rangeland conditions , particularly with regard to drought declaration , and subsequentadministration ( see the National Agricultural Monitoring System ,http :/ / www .nams .gov .au/ index .cfm ?fa ＝ nams .home ,accessed ５ /１ /２００８ ) . The various rangeland jurisdictions have contributed to the development and testing of AussieGRASSproducts , and at this stage the information is largely used by government managers .
Of particular relevance here are Sof tware tools that allow land managers to determine trends in vegetation cover over time , andto separate trends due to their management from those due to climatic variability are particularly useful . VegMachine ( http :/ /www２ .dpi .qld .gov .au/ sheep/１２９７９ .html , accessed ６ /１ /２００８ ) allows Australian pastoralists to view temporal sequences ofimagery for areas of interest , but more importantly , generates maps showing areas with positive , neutral and negative trends incover . Spatial patterning in these maps can then be interpreted with regard to land type , recent seasons and managementactions . T rends in cover can also be viewed graphically . In a similar project , MODIS data were processed in conjunction withwool‐producers to show contemporary trends in green cover at paddock , whole property , and regional scale ( Bastin el al .
２００６) . The additional information available from remote sensing was welcomed by pastoralists , and web delivery wasendorsed . As with VegMachine , the tools have not yet been made available commercially .
Fire monitoring through remote‐sensed information ( MODIS and NOAA AVHRR) is becoming a major tool for pastoralists infire‐prone areas . In Australia , Sentinel ( http :/ / sentinel１ .ga .gov .au/ acres/ sentinel/ index .shtml ; and http :/ / www .firenorth .org .au/ nafi/ app/ init .jsp ) provides up‐to‐date information about where fires start and how they are progressing so thatsuppression actions can be taken .
The use of remote sensing to identify weed infestations in agricultural and non‐agricultural land allows for greater precision andaccuracy specific to the problem areas . The use of remote sensing technology can also result in weed infestations being identifiedand eradicated in a shorter time frame than previously available ( Shaw ２００５) . Once again , the use of remote sensing in this caseis in the domain of government and quasi‐government agencies , rather than enterprise managers .
Humanitarian organisations are also using data collected through remote sensing satellite imagery to monitor and assess theextent of current conflicts . Amnesty International摧s Eyes on Dar f ur uses �commercially‐available high resolution satelliteimagery" ( http :/ / www .eyesondarfur .org / satellite .html) to survey villages , identifying destroyed huts , water storages andthe presence or absence of livestock as indicators of raids or attacks .
Technologies for remote management and control of infrastructure , livestock and natural resources

Several areas of technology are relevant to this topic : telemetry systems that bring information about remote infrastructure backto the station house , and in turn relay control instructions back to remote equipment ; and automatic identification systems thatrecord the identification of individual animals or the type of animal and information about their status as they pass control
points . Generally these technologies are being developed for their ability to reduce cost of production and for the increasedproductivity that can be gained per animal .
Telemetry refers to radio frequency transmissions from one point to another . Telemetry is increasingly useful in rangelandsituations for monitoring infrastructure and livestock that are distant from the station house on a frequent basis without the needto drive to that point to visually inspect the situation . An example of the early use of telemetry has been the use of Ultra HighFrequency ( UHF ) radios to transmit information about the level of water in a water tank and start or stop pumps ( e .g .http :/ / www .observant .com .au) . When this information is transmitted back the station house , it reduces the number of timesthat a person has to visit a watering point , thus saving on the costs of labour and transport and freeing employees to do othertasks . Such systems can link dozens of remote water points back to the station house via repeater links and eliminate thousandsof kilometres of driving per year . Recent work has shown that the cost of these systems is of ten recovered in less than １２months due to substantial savings ( Ashley et al . ２００８) .
Future advances in this area will be the use of WiFi and WiMax ( IEEE ２００７ ) radio frequencies in place of UHF to allow thetransmission of greater volumes of data . Wireless broadband transmission protocols will allow pastoralists to install videocameras and other bandwidth‐intensive remote devices for more comprehensive information ( see below ) .
The ability to remotely identify individual animals greatly increases management options available for conservation or production
purposes . Radio frequency identification devices ( RFID) are now widely used in many animal production systems as a responseto consumer requirements for traceability of products . RFID add to the cost of production but increasingly are required as partof a regulated livestock management system to gain access to markets . Producers can capture additional managementinformation once individual identification is possible , such as semi‐regular recording of live weight ( see below ) . The remotemonitoring of wild animals using global positioning systems and radio or satellite transmitting devices ( www .lotek .com) is also
possible , but as far as we are aware this usage of technology remains in the research domain and is yet to become a tool formanagement in commercial operations .
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Apart from reducing costs as noted above for telemetry , precision information about where animals are located and how they are
performing through time has the potential to increase productivity . Combined with the next generation of telemetry , thesesystems can gather and store or transmit information such as an animal摧s unique identification number ( from RFID tag ) and itslive weight via Walk‐over‐Weighing ( WoW ) scales ( http :/ / www .sheepcrc .org .au/ index . php ?id ＝ １４３ ) The advantage ofgathering this information daily ( or thereabouts ) at the station computer is that trends in weight gain can be tracked andforward selling of livestock achieved with more precise estimates of weights by a certain time . In parallel development withWoW is remote automatic‐drafting apparatus . Animals that have been identified as varying excessively from expected weights
( or identified for other reasons ) can be drafted to a holding pen by transmitting a list of ID tag numbers to the auto‐draftcontrolling processor , where they can be medicated , supplemental fed , transported or managed in other ways . While theseintegrated remote animal monitoring and management systems are under development , their usefulness to pastoral managerswill require the development of software that turns large amounts of data into useful management information .
The incorporation of machine vision into monitoring represents a significant increase in the level of management that can beapplied to a landscape including identification of feral animals and weeds , the condition of pasture and the health of animals .This is particularly important in places where a variety of grazing animals compete with domestic livestock for water and forage ,and predators are a problem . Remote video identification of the species combined with auto‐drafting will enable the separation ofeconomic species from non‐economic ones , thus improving productivity , although the system is still under development .
Spatial location information from Global Positioning System receivers is being used to develop the concept of virtual fencingwhereby animals are contained to areas without the need for wire . This is achieved through programming coordinates into acollar which livestock carry , and cueing livestock to respond to ( or shy away from ) the virtual boundary by audio andelectroshock cues ( http :/ / www .ars .usda .gov /Main/ docs .htm ?docid ＝ ５５６４&pf ＝ １&cg ＿ id ＝ ０ ) . These systems are not yetwidely used in commercial operations .
Information systems for planning and reporting

We have focussed on those technology solutions that are aimed at managers ( rather than researchers ) and made reference anumber of times to the need for tools that process data into useable information . In this final section we briefly discuss systemsthat allow disparate monitoring to be collated for high‐level reporting . These systems are generally needed at higher governmentlevels so that obligations to manage resources on behalf of the citizens of a state or country and the global community can bedischarged . Such obligations usually involve conservation of biodiversity and sustainable use of rangeland resources , but alsocover climate monitoring and forecasting services .
Systems such as the Australian Collaborative Information System ( ACRIS‐http :/ / www . environment . gov . au/ land/management / rangelands/ acris / index .html , accessed ６ /１ /２００８) aim to facilitate data collection and documentation for reportingon regional and national changes in the rangelands . This system is well underway and reported on in a separate paper presentedat this meeting ( Friedel et al . ２００８) . ACRIS gathers data from state governments to periodically provide updates on change atbroader scales . Improved management of natural resources at the enterprise scale should translate to improved regional andnational outcomes .
In the last decade , climate status and forecasting systems have been developed to give seasonal context and expected direction ofchange . Examples include :
● The Australian Bureau of Meteorology and Queensland government climate forecast web sites ( http :/ / www .bom .gov .au/silo / ; http :/ / www .longpaddock .qld .gov .au/ SeasonalClimateOutlook/ ) .
● The US government SCAN network provides data and interpretation based on climate variables , soil moisture , snowconditions , and biomass ( http :/ / www .wcc .nrcs .usda .gov / scan/ ) .
Conclusions

We have summarised how technologies and systems of data management are being developed to assist rangeland mangers . Weshy away from technologies per se and focus on those technologies that are being used in conjunction with systems that turndata into useful information for management decisions . Much of the technological development in the research domain has not
yet been brought to this management end point . We have organised the paper around the concept of �precision pastoralism�having more spatially and temporally precise management information‐and we divide the technologies and systems reviewed intothree categories : technologies to acquire spatial information ( repeatedly through time) , technologies for remote control andmanagement , and information systems for planning and reporting .
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Can pastures from SpaceTM accurately predict pasture growth rate in eastern Australia ?
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Key words : Pastures from SpaceTM , satellite , pasture grow th rate
Introduction Pastures from SpaceTM provides a commercial service delivering weekly satellite‐derived pasture grow th rate ( PGR ,kg dry matter / hectare .day ) data at a paddock scale to farmers across southern Australia . PGR has a number of on‐farmapplications , including aiding decisions on grazing management , feed budgeting and tactical application of fertiliser ,benchmarking pasture performance and strategic farm planning . The service , developed and commercialised in WesternAustralia for annual‐based pastures , has been taken up by farmers in that state who have since demonstrated increases inproductivity and profitability for their grazing enterprises ( Gherardi et al . , ２００５ ) . There has also been keen interest in thetechnology in eastern Australia , however uptake has been limited due to the PGR predictions not having been validated for theseregions . This project was therefore testing the accuracy of the satellite‐derived PGR for South Australian soil and pastureconditions as the initial steps in validating the technology for eastern Australia .
Materials and methods Pastures from SpaceTM PGR is calculated from satellite‐derived normalised difference vegetation index( NDVI) to derive the fraction of absorbed photosynthetic active radiation , intersected with climate ( rainfall and solarradiation) , temperature index and soil ( water holding capacity ) data . Thirty‐three paddocks across １３ farms , spread fromKaroonda to M t Gambier in the South East of South Australia were selected as validation sites to provide a range of soil types( clay , loam , sand) and predominant pasture types ( annual vs perennial pastures) , however data from only ２ farms ( Figure １ )are presented . From the break of the season in April ２００７ , feed on offer ( kg dry matter .ha) was measured by calibrated visualassessment at monthly intervals at up to seven １m x １m exclusion cages geo‐located across each paddock and used to calculatePGR for each cage site and provide a paddock average PGR . Satellite‐derived PGR摧s were predicted for each paddock andcompared to the paddock‐measured values .
Results and discussion Satellite‐predicted PGR摧s for annual pastures ( predominantly medic and annual grasses) at the Karoondasite generally relahe Karoonda site generally related well to the paddock values ( Figure ２ ) . In contrast , the satellite‐predictedPGR摧s at the Lucindale site , １５０km north of M t Gambier ( Figure ３ ) , generally underestimated PGR relative to the paddockvalues , with the perennial grass ( Phalaris aquatica)‐dominant pasture being underestimated to a greater ex tent .

Figure 1 Location o f 2 o f the
test p roperties in the south east
o f South A ustralia ( K aroonda
and Lucindale) .

Figure 3 Observed and model p redicted
PGR ( uncorrected f or soil ty pe ) f or
annual and perennial p astures at
L ucindale .

Figure 2 Observed and model
p redicted PGR ( uncorrected
f or soil ty pe ) f or annual
pastures at K aroonda .

Conclusions Based on this limited dataset , there was a stronger relationship between satellite‐predicted and paddock‐measuredPGR values for annual compared to perennial pastures . The relative contribution of pasture species and/or soil type to thepoorer relationship for perennials is not currently known , however the importance of these factors will be clarified as furtherdata is collected and analysed from this project . Appropriate modifications to the PGR model will be undertaken if required toaccommodate the different pasture species , soil types and climatic characteristics encountered in south eastern South Australia , resultingin a more robust PGR model for eastern Australia .
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The regional ecology of alternative states and thresholds : strategies for ecological site
descriptions
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Key words : ecological site descriptions , state‐and‐transition models , outcome probabilities
Introduction Land dynamics , ecosystem resilience , and the interaction of management decisions with them vary significantlyacross space . One‐size‐fits‐all applications across distinct land types have been responsible for many failures in rangelandmanagement . Ecological Site Descriptions ( ESDs ) and similar land unit classification systems specify the characteristics ofdifferent land areas associated with variation in rangeland potential , ecological dynamics , vulnerabilities , and monitoring needs .State‐and‐transition models ( STMs ) embedded within ESDs specify the plant community phases , alternative states , andcharacteristics of thresholds observed within particular land areas . In spite of considerable conceptual advances with regard togeneral STM structure and mechanisms , strategies for data‐driven development of ESDs and STMs have been poorlydeveloped .
Methods We use an empirical example from gravelly soils in central New Mexico , USA to outline a general approach to ESD andSTM development that features １ ) a hierarchical concept of rangelands and derivative inventory protocol that couplesvegetation , climate , and soil sampling , ２ ) data collection at many points with varying levels of precision , ３ ) storage of data ina database to link soil , vegetation , and spatial location , and ４ ) statistical procedures and interpretations that emphasize how theoccurrence of alternative states is related to soil and climate properties .
Results and discussion We found evidence to support the notion that the gravelly soils sampled comprise two distinct ecologicalsites ( land units) featuring different vegetation dynamics . Low grassland resilience soils or soils featuring inherent dominanceby shrubs occurred in soils with high carbonate content whereas high grassland resilience soils had low carbonate and high claycontent . Restoration experiments were initiated to test our initial assumptions about grass recovery in these distinct land units .
Conclusions The linkage of region‐scale inventory to expert knowledge and site‐based mechanistic experiments and monitoring
provides a powerful means for specifying management hypotheses and , ultimately , promoting resilience in rangelands . A majorchallenge is to systematize the linkage of multiple data sources in ESDs so that they can be evaluated and updated as newinformation emerges .
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High resolution satellite imagery and GPS collars can help assist in the assessment of patch
selection by grazing cattle in semi‐arid savannas
Chris Holloway 1 , 2 ,Peter O摧Reagain1 , N igel Tomkins 3
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Key words : Patch type , Wambiana grazing trial , Bothriochloa
Introduction The selection of different patch types for grazing by cattle in tropical savannas is well documented . Advances inhigh resolution satellite imagery and computing power now allow us to identify patch types over an entire paddock , combinedwith GPS collars as a non intrusive method of capturing positional data , an accurate and comprehensive picture of landscape useby cattle can be quantified .
Material and methods The study was conducted over the Wambiana grazing T rial ( ２０ .５４S ,１４６ .１４E , average rainfall ６５０mm ,open savanna) (O摧Reagain , Bushell et al . ２００７) . Patch types were identified using a previous study ( Table １) .
Table 1 Descrip tion o f the di f f erent patches and the p roportion o f patches w ithin each treatment .Patch Name HSR％ LSR％ Description
２P ２  .６９％ ２  .５５％ Perennial palatable grass species摧 , Enteropogon sp , Sporbolus sp
Bothriochloa sp １４ ..６１％ ２９  .４４％ Perennial palatable productive (３P) grassAnnuals ９  .６６％ １０  .０５％ Annual grasses , mid to low palatability
A ristida sp １１ ..２７％ ８  .３４％ Tough unpalatable perennial wiregrassBare ５  .４２％ ２  .２０％ Bare through all seasons , very small amount of annuals in wet season
Chrysopogon sp １０ ..８０％ ９  .３８％ Perennial palatable low bulk produced
Carissa sp ２０ ..２４％ １５  .７０％ Thorny encroaching shrub
Eriachne sp ９  .０９％ ７  .２９％ Tough unpalatable perennial long lived wiregrass
Eriachne sp /
Heterop gogn sp ２  .１１％ ０  .９３％ Eriachne patch with a moderate proportion of H .contortos ( perennialpalatable productive)
MT Annuals ４  .７２％ ４  .０１％ Annuals on top of stony / salty clay moundsMT Bothriochloa sp ２  .０５％ ２  .１３％ Low density of Bothriochloa & annuals on top of clay moundsMT Carissa sp ２  .３１％ ２  .５４％ Carissa on top of stony / salty clay mounds
High resolution satellite images were acquired for Dec ２００５ and Feb ２００６ and combined . A supervised classification forapproximately ３００ predefined training regions over the study site was run using ER mapper 眗 （２００７） ．Archival GPS collarswere fitted to ６ cattle in each of the heavy ( HSR) and light ( LSR) stocked treatments for approximately １２ weeks during Janand March ２００５ . GPS positional data was collected every hour from a minimum of ４ satellites . The GPS data from the twoanimals with the most number of fixes per treatment was used in the analysis . Animal activity was classified into a grazing orresting phase . Only the grazing phase was analysed using Jacob摧s index of selectivity to determine avoidance or selection ofpatch types .

　 Figure 1 Jacobs selectiv ity index f or di f f erent
p atch ty pes under heav y ( □ ) and light ( ■ )
stocking treatments .

Results and discussion Animals in the HSR positively selected for patchesdominated by Bothriochloa sp and annual grass patches , and avoided
Eriachne sp and bare patches in the wet season of ２００５ ( Figure １) . Thelight stocking treatment animals selected for annual and Eriachne sppatches and avoided mound top Annuals and Eriachne sp / Heteropogon
sp patches . The heavy stocked animals selected the annual patchesbecause of the high availability of green feed and high digestibility .
Bothriochloa , patches produce the bulk of the forage available in theseland types . The high number of animals in the HSR and smallerproportion of Bothriochloa patches available means that animals had toactively select them to ensure a sufficient grass intake . The LSR animalsselected annual patches to maximize their green feed intake . The LSRare selecting the Eriachne sp patches to graze a number of abundant forbspecies which only occur in the early and mid the wet season , these forbshave a relatively high proportion of protein ( unpublished data ) . TheLSR are able to selectively graze these forbs despite their low bulk , dueto the higher proportion of Bothriochloa sp patches available throughoutthe paddocks , which will meet its nutritional requirement for bulk .
Conclusions The heavy and light stocking treatments selected different patch types to actively graze . Animals in the LSR areable to select a diet based on quality , where animals in the HSR are constrained by the available bulk within a patch . The highresolution satellite imagery combined with GPS collars gave us new insights into how these cattle are using this landscape .
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A model‐based approach for mapping rangeland cover using landsat‐TM image data
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Introduction Empirical models are important tools for relating field‐measured biophysical variables to remote sensing data .Regression analysis has been a popular empirical method of linking these two types of data to estimate variables such as percentvegetation canopy cover , and bare soil . The goal of this study is to find a relationship between Landsat‐TM original data fromsingle date image and rangeland biophysical variables using multiple regression modeling .
Materials and methods This study was conducted in semi‐arid rangelands of Kolanjin River Basin , １２０ km west of Qazvin city
(３５° ２４′ １６″to ３５°３８′２６″N latitude and ４９° ２４′４８″ to ４９° ３１′ ４８″ E longitude) . Total area of study site is １７６５４ ha . Averageannual precipitation is ３４５ mm over the past ３０ years .
Field measurements of land cover attributes were taken within a month of the satellite image data acquisition . Vegetation cover ,
gravel and stone , and bare soil extent as biophysical variables were measured during field survey . Stepwise multiple regressionwas used to develop the most appropriate statistical models for prediction of rangeland cover based on ground based data andlandsat‐TM image data . In the given dataset independent variables which have had high significant correlation with dependentvariables ( field data ) were recognized . Ultimately separate regression models were developed for all variables . Then ,regression models were applied to produce vegetation cover , stone & gravel , and bare soil ex tent maps of rangelands .Validation of the model was done using the ２０ transects measurement not used in the model development .
Results and discussion The results of applying stepwise multiple regression showed that there is a significant correlation betweenLandsat TM band ２ reflectance values and field data . There were no significant correlations between other bands and field data .Regression models were produced according to the output of regression analyses and were applied only on rangelands in LandsatTM band ２ . The relevant maps were generated for vegetation cover , gravel & stone , and bare soil extent . Preliminaryvalidation of the models in this study suggests that multiple regression is a nonrobust technique for finding relationship betweenoriginal data of Landsat‐TM and rangeland biophysical variables .
We observed some problems such as small size of samples , low number of samples , and sampling on the specific areas are mainreasons of producing nonrobust models . Fitzpatrick and Megan ( １９９４ ) noted that when we use regression analysis to find arelationship , sampling must include the entire range of vegetation cover changes ( sparse to dense) . Field sampling is based onlimited discrete sampling over a continuous spatial dimension . This leads to a blind extrapolation when information concerningunsampled areas is requested . Models were based on a relatively low number of plots , which were perhaps not sufficient tocharacterize all environmental conditions .
Conclusions We concluded that such problems as an inexact location of field samples on the image , small size of samples , lownumber of samples , sampling on the specific areas , vegetation heterogeneity may significantly affect modeling of real rangeland‐Landsat‐TM relationships . If we overcome to these problems , better correlations would be expected ( as models would be morewidely predictive) .
ReferencesCohen , B . W . , Thomas , K . M . , Gower , S . T . , Turner P . D . , (２００３ ) . An improved strategy for regression of biophysicalVariables and Landsat ETM ＋ data . Remote Sensing o f Env ironment ８４ , ５６１‐５７１ .Fitzpatrick , B . , Megan , A . , ( １９９４ ) . Relationship between vegetation cover field data and Landsat‐TM in the pasturedevelopment areas of the Douglas‐Daily Basin , Northern territory . In : ７ th A ustralian Remote Sensing Con f erence

Proceedings , Melbourne , Australia .
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Remote sensing with GIS and GPS for monitoring steppe degradation
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Introduction Mr . Xu , the Director‐general for the Science and Technology Agency of Inner Mongolia , expressed that thedesertification area in China is increasing at ２４６０km２ per year . The most important procedure to prevent steppe degradation isto discuss and share the information about steppe conditions with decision makers and herders in a timely and exact manner .The objective of this paper was to review our methodology for monitoring degradation in an experiment in the Xilingol steppe ,Inner Mongolia .
Methods How can we grasp the present and future states of grasslands ?Grassland conditions are determined by the balance ofgrass production ( GP ) and herbage intake ( HI ) by animals . When HI is higher than GP , grasslands will be degraded .However , if the GP is greater than the HI , grasslands will be conserved and the land will recover ( Akiyama and Kawamura ,
２００７ ) . GP may be regulated by soil fertility and topography of the area , and pasture management and climate conditions of eachyear . HI will be affected by grazing intensity , animal behavior , and animal management . Geographic information systems( GIS) will be helpful for this type of analysis . This system is intended for real‐time monitoring of GP and HI using satellitedata , GIS , global positioning systems ( GPS) and mathematical models .
Results (１) Changes in grassland type : Comparing time series of Landsat data between １９７９ and １９９７ , it was determined thatthe areas of productive Meadow steppe decreased and croplands and low productive Typical steppe were increased ( Akiyama etal . ２００３) . (２) Biomass change : Seasonal and yearly changes of steppe biomass could be shown by composite images of NDVIderived from NOAA and MODIS ( Kawamura et al . ２００３ ) . ( ３ ) Herbage quality : Kawamura et al . ( ２００５a ) found thatMODIS / EVI estimates crude protein concentration in the green biomass . Seasonal changes in quality was detected . (４ ) A nimal
behav ior : Daily traveling distance , location and animal movement was estimated by attaching a GPS monitor to sheep
( Kawamura et al . ２００５b) . (５) Real‐time monitoring system : GIS database consists from ３‐D topography derived from ASTERimage , biomass and forage quality maps obtained by MODIS , grazing information by GPS on the sheep , from which we canbuild a real‐time steppe management system .
ReferencesAkiyama T et al . (２００３ ) . Vegetation changes and land degradation of steppe in Inner Mongolia . [ J] Japan A gric Sys Soc １９(３) :１２‐２２ .Akiyama T , Kawamura K . ( ２００７ ) . Grassland degradation in China : Methods of monitoring , management and restoration .

Grassl Sci ５３ :１‐１７ .Kawamura K et al . ( ２００３ ) . Estimation of aboveground biomass in Xilingol steppe , Inner Mongolia using NOAA /NDVI .
Grassl Sci ４９(１) :１‐９ .
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Verification of a forage simulation model used for a livestock early warning system in the Gobi
Region of Mongolia
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Introduction The assessment of vegetation productivity is especially important in Mongolia where drought and winter disasters
( dzud) that deplete vegetation resources represent a major risk confronting herders . During the period from １９９９ to ２００１ , asmuch as ３５％ of the nation摧s livestock was lost to these two disaster events . To help address these challenges to livestock
production in Mongolia , a livestock early warning system was implemented with the objective of developing a forage monitoringsystem that provides near‐real time spatial and temporal assessment of current and forecasted forage conditions . As part of thiseffort , we sought to assess １ ) the ability of the PHYGROW forage simulation model to accurately predict forage biomass atselected sites across the landscape using near‐real time climate data , and ２ ) the feasibility of using geostatistical interpolationmethods that combine forage model output with Normalized Difference Vegetation Index ( NDVI) to produce landscape levelmaps of forage production .
Materials and methods Using the protocols described by Stuth et al . (２００５) for implementing livestock early warning systems ,
２９７ monitoring sites were established in ８ provinces in the Gobi region of Mongolia during May ２００４ to September ２００７ .During the first visit to each site , vegetation , soil , and grazing data were collected to parameterize the PHYGROW forage
production model ( Stuth et al . ２００５ ) . PHYGROW was driven by near real‐time climate data acquired from the NationalOceanic & Atmospheric Administration摧s ( NOAA) CMORPH system ( Joyce et al . , ２００４) . To verify the PHYGROW model ,forage biomass was collected at each of the monitoring sites ２ to ４ times after the initial visit . The clipped biomass wasstatistically compared to the predicted biomass from PHYGROW . For validated sites , the forage model outputs were coupledwith NDVI data using the geostatistical method of cokriging to create interpolated maps of forage biomass . Cross validation( Isaaks and Srivastava １９８９) was used to assess the performance of cokriging for mapping biomass .
Results For the majority of the monitoring sites , we found a very good correspondence between forage biomass clipped at themonitoring sites and that predicted by the PHYGROW model ( R２

＝ ０ .６９) . The standard error of prediction for the validationwas ８３ .６ kg / ha which was less than the overall standard error associated with the clipped biomass ( １１５ .３ kg / ha) indicatingthat the variability associated with validation was much less than the variability of the field collected data across all sites . Themodel had a tendency to slightly under‐predict at higher biomass and slightly over‐predict at low biomass conditions .
Maps of forage biomass were produced every １５‐１６ days ( to match the NDVI image availability ) during the growing season( May to September ) for ２００５ and ２００６ using cokriging . The cross validation of model‐predicted forage biomass and thecokriged estimates of forage biomass resulted in reasonable estimates of mapped biomass ( R２

＝ ０畅７１ ) . The standard error ofprediction for cross validation was １１１ .７４ kg / ha which was very similar to that seen for the clipping data ( １１５ .３ kg / ha) ,indicating that the cokriging procedure variability was similar to that encountered with the field clipping data .
Conclusions The results of this study indicate that the use of the PHYGROW forage simulation model would be useful for
predicting forage biomass on a near real‐time basis in the Gobi region of Mongolia . The forage model output , when combinedwith NDVI using geostatistics , results in the production of reasonably accurate maps of forage biomass . These maps provideboth a spatial and temporal assessment of forage conditions that can assist herders , as well as local and regional governments ,in decision making for livestock in the face of drought or winter disaster .
ReferencesIsaaks , E .H . , Srivastava , R .M . (１９８９) . Applied Geostatistics . New York , Oxford University Press .Joyce R .J . , Janowiak , J .E . , Arkin , P .A . Xie , P . ( ２００４ ) . CMORPH : A method that produces global precipitationestimates from passive microwave and infrared data at high spatial and temporal resolution . Journal o f H ydrometeorology ,
５ , ４８７‐５０３ .Stuth , J .W . , Angerer , J . , Kaitho , R . , Jama , A . and Marambii , R . ( ２００５ ) . Livestock early warning system for Africarange lands . In : Boken , V . K . , Cracknell , A . P . , and Heathcote , R . L . Monitoring and Predicting A gricultural
Drought : A Global S tudy . New York , Oxford University Press , ２８３‐２９４ .
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National rangeland monitoring and inventory of Iran
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Introduction Information for sustainable utilization of rangeland requires accurate and frequent range assessment . Suchinformation will be obtained from monitoring in the long term ( Watson ２００７ ) which is important for government agencies ,range holders and application of remote sensing ( RS ) and geographic information systems ( GIS ) . Changes in quantitative
parameters , including abundance , vegetation composition , canopy cover and yield , are influenced by climatic conditions andmanagement activities ( Arzani and Abedi ２００６ ) . So distinguishing and separating these is important for better management( Anderson and Holte ,１９８１ ) . The objective of this research was to investigate variation of vegetation parameters in the longterm and to determine trend and severity of changes .
Materials and methods Main vegetation communities of １７ provinces were considered . In the key area of each community one sitewas established . Factors including vegetation cover , density , and production along four‐４００ or six‐２００ meter transects within
６０ two or one square meter quadrats in arid and semi arid areas were measured . Satellite data collected simultaneously to fielddata was applied .
Results and discussion Primary results showed that in arid regions , range ecosystems are in fragile condition . They werecharacterized with low vegetation cover and small production ( Figure １ ) . Desirable species were absent in vegetationcomposition . Biological balance has been lost because of severe grazing . Range condition in semi arid rangeland was better thanarid areas . Moderate species were dominant and vegetation cover percentage and yield was higher ( Figure ２ ) . Integration offield data and satellite data for a period of five years indicated the possibility of range assessment in wide areas using digitaldata .

Figure 1 V ariation o f canopy cover and yield in
arid rangeland o f I ran (1998‐2005) .

Figure 2 V ariation o f canopy cover and y ield
in semi‐arid rangeland o f I ran (1998‐2005) .

Conclusions Range assessment in wide areas , with the assistance of digital data is possible . A national monitoring system
( NMS) for national data analysis collected in different years and various regions is suggested by the study .
ReferencesArzani , H . and M . Abedi , (２００６) , Investigation on the effects of management practices on rangeland health , I ranian J . o f

Range and Desert Research , Vol . １３ : １４５‐１６１ .Watson , I . (２００７ ) , Range monitoring , in Range Management Newsletter , A ustralian Rangeland Society , No . ７ /１ , ５‐６ .
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Introduction Rangeland resource management is dependent on increasing scientific capability and remote sensing can contributeinformation for range management applications ( Tueller , １９８９) . The capability of remote sensing for providing information ofchanges in cover and biomass has been discussed by previous authors ( eg . Arzani ２００５) . Selection of suitable vegetation indiceswas the objective of the present study .
Material and methods Simultaneous digital and field data of summer rangeland south of Mazandaran , were analyzed . During ３
years of monitoring , annual grass , forb and shrub cover , and total yield data of six ty １ m２ plots were collected . Aftercorrection of images , digital numbers were converted to reflectance numbers . Intrinsic indices , soil‐line related indices andatmospheric corrected indices were generated . Suitable indices were determined using linear regression .
Results and discussion There were significant relationships between digital data and vegetative characteristics . Among indicesVI１０ with annual cover , VI６ , VI１０ , MIRV１ with grass cover , Pd３１２ , VI９ , M IRV１ , GVI indices with forb cover , MIRV２ , VI６ ,VI１０ with shrub cover , VI１２ , M IRV２ , VI５ , fuse２ with total cover and MIRV１ ,M IRV２ , VI５ ,Tgr with total production , showedsignificant relationships in different sites ( e .g . Table １ for the site in Vaz rangeland) . Jackson et al . ( １９８３ ) argued that anideal vegetation index should have the characteristics of high sensitivity to vegetation , insensitivity to soil background changesand be only slightly affected by atmospheric path radiance .
Table 1 Correlation obtained between vegetation indices and vegetation parameters in V az grassland .
Vegetation
parameters

Vegetationindices Correlation Regressionequation Correlationcoefficient ( R) SE Significantlevel
G . cover％ MIRV１  ４９ Ζ２８ ＋ ２６３MIRV１  ０ Ζ.８９ ３ 抖.３０ 倡 倡

F . cover％ MIRV１  ５１ Ζ１９  .３ ＋ １２９MIRV２ ０ Ζ.５８ ５ 抖.４０ 倡 倡

S . cover％ VI６ n７５ Ζ‐２２ *.５ ＋ ５０ .８VI６ ０ Ζ.７４ １ 抖.１０ 倡 倡

T . cover％ VI５ n８１ Ζ１７４‐１２５VI５ l０ Ζ.９２ ９ 抖.２０ 倡 倡

T . yield kg / ha VI５ n８２ Ζ７５‐５５ 唵.７VI５ ０ Ζ.８２ １ 抖.３０ 倡 倡

倡 倡 Significant at P ＜ ０ .０１ , G ＝ Grasses , F ＝ Forbs , S ＝ Shrubs , T ＝ Total .
Conclusions Generally , introduced indices , presented accurate estimation of the quantitative parameters . Therefore , it is
possible to estimate cover and range production for range monitoring using Landsat ETM ＋ data .
ReferencesArzani , H . (２００５) . Vegetation indices for vegetation parameters measurements using remote sensing data in arid areas . First

Con f erence Remote Sensing in K uwait , ２６‐２８ sep .２００５ .Jackson , R .D . , Slater , P .N . and Pinter , P .Jr . ( １９８３ ) , Discrimination of grow th and water stress in wheat by variousvegetation indices through clear and turbid atmosphers , Remote Sensing o f Env ironment , Vol . １３ , pp . １８７‐２０８ .Tueller P . T . ( １９８９ ) , Remote sensing technology for rangeland management applications , Journal o f Range Management ,Vol . ４２ , No . ６ , pp . ４４２‐４５３ .
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21st Century Pastoralism — Remote management innovations for sustainability in arid rangeland
pastoral production
M .R .C . A shley , A .J . Bubb , A .R . James , C . James & C .H . James
Desert K now ledge Cooperative Research Centre , PO Box 3971 , A lice S p rings 0871 Northern Territory , A ustralia .
E‐mail : adrian .j ames＠ nt .gov .au

Key words : arid rangelands , pastoral production , remote management , sustainability
Introduction Beef production in Australia摧s arid rangelands occurs on extensive properties with an average size in excess of
３８００km２ and stocking rates of １ head to the square kilometre or less ( Oxley et al ２００６) . Paddock sizes are large ( ＞ ３００km２ )and typically have two to four watering points in the form of bores . Normal management involves physical inspection ofwatering points ２‐４ times per week and requires pastoralists to travel ２００‐７００km per inspection . This project is developing andtesting technology to remotely monitor the watering point ( water levels , flow rates , animal activity etc .) reducing the need fora physical inspections to once a week , achieving improved water management coupled with reductions in fuel and labour costs
Materials and methods The remote management technologies being investigated for this study are commercially availabletelemetry systems which collect information and transfer it using UHF radio up to ７０ km to another location . The data beingcollected to assess these systems includes the cost of purchase and installation , cost of water monitoring pre and postinstallation and the effectiveness and reliability of the equipment . Data is also being collected to quantify the time and distancesavings resulting from the telemetry installations . Five properties are involved in the study and are summarized in Table １ .
Table 1 Properties included in the study .

Station Size km２ 7
No . Remote ManagementTechnology water points /Total

RemoteManagementTechnology Cost
１
st yearindicativesaving

Cost recovery
period

Napperby ４４５２ 湝１４ / ２９ Q＄ ８０ ,０００ 览＄ ３９ ,０００ -２４ months
M t . Ive ８５２ n７ / １４ #＄ ２５ ,０００ 览＄ ３５ ,０００ -８ l.５ months
Monkira ３７３０ 湝１０ / １０ Q＄ ４０ ,０００ 览＄ ２５ ,０００ -１８ months
De Rose Hill １８００ 湝４ / ３１ #＄ ２５ ,０００ 览＄ ０ GN /A
Quinyambie １２１１９ 适１１ / ３２ Q＄ ３６ ,０００ 览＄ ７３０００ �６ months

Results and discussion As Table １ shows , in most cases the repayment period for the technology is less than two years , and inthe longer term remote management is likely to increase the profitability and economic sustainability of the stations . De RoseHill station has not yet achieved any cost savings as the remotely monitored watering points are located on the route to otherwatering points that still need to be inspected , resulting in no reduction in distance travelled . All stations in the study haveincreased the number of times that they monitor their watering points , It is also likely that the producers will be able to use thetime saved through this technology to improve other aspects of their station management . Further data is being collected on thetime savings to quantify these benefits . The collection of data on reliability of the technology under the harsh climatic conditionsof Central Australia is also ongoing .
Conclusions Remote management technology can be utilised in arid rangeland pastoral production systems to reduce the cost of
production . Furthermore , remote management technology can allow for increased monitoring of stock watering infrastructureleading to better production and animal welfare outcomes .
ReferenceOxley , T . , Leigo , S . , Hausler , P . , Bubb , A . & MacDonald N , (２００６) . Pastoral Industry Survey NT ２００４ , Department ofPrimary Industry , Fisheries and Mines , Northern Territory Government .
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Localization of range improvement plans using GIS and comparing with suggested projects of
range management plans in Lar region
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Introduction One of the major causes of land degradation in Iran is overgrazing by livestock ( Moghaddam , ２００１ ) . In order tohave a proper management in rangeland ecosystems , ecological factors in nature should be understood . Ecological factorsinclude climate , soil , topography , vegetation and organisms . Present range development programs are based on curtailing theconservation of range land , improving forage production by seeding or transplanting forage species under scientifically soundrange management plans .
This study was carried out to obtain an approach for designing range management plans through Geographic Information System( GIS) , to make the planning process quickly with accuracy .
Material and methods In this research , some ground information including slope , elevation , vegetation , soil , range trend andcondition were recorded . Based on integration of these information with the basic consideration of resource management it is
possible to improve the existing condition or stabilize the current optimum state . While the new model is ready , then the newand old model should be compared . Based on the results of this method , the GIS integrated model could help us to achieve theinformation more convenient and quickly . Clarification is an other attribute of this model . The management of rangeland wouldbe better as well . Information of the basic studies would never been lost during integration . Correction of errors would be done
quickly as well . Finally these aforementioned items , would lead to higher accuracy .
Results and discussion Result of this study , which was performed in Lar rangelands , showed that the total area of rangelandwhich should be managed in balance method is ７８０５ ha . The area to be managed in natural method is ４９９８ ha , the area to beunder enclosure is ２９１６ ha , the area to be seeded is ６５７９ ha , the area to be inter seeded is ６２６９ ha , the area to be hoe sowed is
２９２５ ha and the rest is rocky , river and farmland . Comparison of suggested plans for range management projects with results ofthis study ( through integration of information using GIS ) indicates that some suggested plans are not corresponded with Larrangelands ecological condition and needs to be revised .
Regarding the results obtained from this research , when information layers such as soil , climate , vegetation , topography , . . .are used and considering plan suggestion indices , range improvement planning will be done with high accuracy .
ReferencesHolechek J .L . , R .D . Pieper & H . Herbel , (１９８９) . Range management Principles and Practices . Prenntice Hall , Ins . NewJersy .Moghaddam M .R . , (２００１) . Range and range management . Tehran University press .Stephan B .M . , R . Stevens & N .L . Shaw , ( ２００４) / Restoring western ranges and wildlands . Forest Service of USDA .Vallentain J . , (１９７１) . Range development & improvement . Brighan yang University Press Inc .
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Developing a decision support tool for the steppe zone of Ghom‐Iran , by implementing a state
and transition model within a bayesian belief network
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Introduction Although State and T ransition Models ( STM ) provide a description of rangeland dynamics , the typical descriptiveflowcharts and associated catalogue of states and transitions lack practical application . They also handle uncertainty associatedwith transitions poorly . It is therefore clear that a mechanism is needed to convert these models into predictive models that canaccommodate uncertainty associated with the nature of transitions . Bayesian Belief Networks ( BBNs) ( Jensen １９９６ ) can beused to overcome this problem . The approach is based on BBNs , which are cause and effect models that relate variables throughthe use of conditional probabilities . This allows for uncertainty to be incorporated into the models . This paper describes thedevelopment of a rangeland decision support tool by combining BBN with STM for the Steppe zone of Ghom , Iran .
Materials and methods The STM was the starting point for model development . An influence diagram was built to show the
possible transitions and the factors influencing each transition . Next , the influence diagram was populated with probabilities toproduce a predictive model , and finally the behaviour of the model was tested using scenario and sensitivity analysis .
Results The STM consists of ７ vegetation states and １５ transitions . The sensitivity analysis revealed that grazing impact and
growing condition were the two most important drivers of almost all but two of the transitions . Grazing impact represents themanagement influence on transition and grow th condition represents the environmental influence on transitions . This result issupported by other studies in Iran , which suggest that frequent droughts coupled with mismanagement ( e .g . overgrazing )combine to produce rapid land degradation ( Nemati １９８６ ) . This result , however , does not match the beliefs of governors orlivestock managers . Most governors believe that grazing is the dominant factor responsible for rangeland degradation , whilelivestock managers believe that it is drought and growing conditions .

Figure 1 This f igure shows that w ithin a f ive‐year time f rame , the transition to �Unpalatable f orbs & shrubs and annuals" is
most likely i f graz ing p ressure is high and grow ing condition is poor . This is most likely where stocking rate is high and soil
w ater availability is low . The numbers are p robabilities . Under this scenario , f or examp le , there is a 61 .3％ chance that
rain f all is less than average .

Conclusions Combining STMs and BBN provides a novel means of modeling rangeland dynamics in that it ( a) accommodatesuncertainty in rangeland dynamics in a straightforward way , ( b ) captures experiential knowledge of outcomes of rangelandmanagement scenarios , ( c) provided a graphical and transparent modeling environment that can facilitate communication aboutcause and effect , and ( d) allows for the consequences of rangeland management decisions to be predicted . It also identifies themanagement scenarios that are most likely needed to prevent decline in rangeland condition .
ReferencesJensen , F .V . , (１９９６ ) . An introduction to Bayesian Networks , University College London Press .Nemati , N . , (１９８６) . Pasture improvement and management in arid zones of Iran . Journal o f A rid Env ironments , １１ (１) : ２７‐
３５ .
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Monitoring urine distribution by grazing livestock
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Introduction Urine patches are a significant source of leaching and gaseous N losses in grazed pastures . N losses increase asurine patch load ( g N /m２ ) increases , and modelled N losses increase if urine is returned as discrete patches rather than atuniform rate across the pasture . The tools we describe will help to quantify urination frequency and urine distribution patternswithin large paddocks .
Materials and methods A urine sensor was developed which comprised a tube placed in the vagina of sheep and cattle , using aCIDR[ １ ] device . It contains two electrodes which measure conduction ( mV) , measured as conduction ( mV ) in the presence ofurine passing through a tube anchored in the vagina , ( T rials １ and ２) . U rine created a voltage spike in logged data . In T rial ３temperature ( as mV ) elevation to near body heat due to urine in the tube was monitored instead of conductance . Voltage ,temperature and time were continuously logged . A custom‐built GPS unit was part of the sheep urine sensor circuit . Movementwas continuously monitored , and logged when the new position exceeded ３ m from the previous position , and upon urination .The GPS and sensor box was clamped to the fleece on the back of the sheep . The cow urine sensor circuit was located withinthe vagina and the GPS was attached to a collar . Using mature animals , urination frequency and urine distribution by １５ sheep( T rial １ , ２) and of ２０ sheep and １８ cows ( T rial ３) was determined .

　 Figure 1 Distribution o f 15 sheep
in a 10 ha p addock on 4 days
during speci f ied times .

Results and discussion
Trial 1(summer) : On the first day in a flat paddock , urinations were generally easilydetected by the mV spike , but by the second day it became increasingly more difficultto differentiate urination events , as the background voltage often did not return to zerobecause of contamination of the electrodes . Intermittent visual observations showed all
３５０ sheep in the mob exhibited co‐ordinated resting , walking and grazing behaviour ,with ２ of the １５ monitored sheep demonstrating �Leadership" characteristics , e .g .commencing new grazing bouts af ter periods when all sheep had rested . Of the １４９urinations detected , ３０％ were close to or under the shade of a large tree . Trial 2
(autumn) : There was no shade available in this １０ ha moderately‐rolling to steep
paddock . Monitored sheep spent little time on the steep hill where pasture quality waspoor and available herbage mass low . Camping behaviour during four days in the samepaddock , though present , was less apparent than in T rial １ when shade was sought .Interestingly , over the four days sheep congregated on east‐facing aspects of the
paddock between ８ to １０ am and on west‐facing aspects １２ hours later ( Figure １ ) . Wesurmise that raised ambient temperature may have mediated this response . Urinationfrequency over ９６ hours in autumn averaged ２４ ( range １１ to ３６ ) urinations/ day . Trial
3 (early summer) : Sheep and cattle grazed two separate steep hill country paddocks

　 Figure 2 Urine p atch distribution o f 16
cows over 5 days on hill country pasture .
Circles indicate w ater troughs and oblongs
f lat‐land camp sites .

over ５ days . Little time was spent on steep slopes by either group , and cattlewalked along well‐defined stock tracks on the steepest areas . Cattle urine
patches were concentrated around water troughs and at campsites ( Figure ２) .Cows averaged １３ ( ７ to ２５ ) urinations per day . Compared to cows , sheepurinated less around their water trough but did camp , as indicated by thecongregation of urine patches . Sheep averaged １８ ( ５ to ２８) urinations/ day .
As the temperature sensor is unaffected by contamination , it is preferred overthe paired‐electrode sensor for detecting urination events .
Conclusions These relatively inexpensive GPS / urine sensor units allow , for thefirst time , the mapping of urine distribution by a number of ewes and cows inlarge paddocks . This may allow the identification of critical source areas of
pollution on farms . These could be targeted for application of N‐lossmitigation practices thereby reducing cost and increasing efficiency .
[ １ ] CIDR Controlled Intra‐vaginal Drug Release device , InterAg , Hamilton , New Zealand .
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Terrain analysis and digital soil mapping in the Xilin river catchment , Inner Mongolia
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Introduction The Xilin river catchment is located about ４５０ km north of Beijing in the continental Inner Mongolian steppe . Theupper catchment comprises an area of roughly ３ .６００ km , which is exposed to heavy degradation because of overgrazing bysheep and goat . Information in terms of regional distribution of soils is scarce . For their ongoing work the Research UnitMAGIM �Matter fluxes in grasslands of Inner Mongolia as influenced by stocking rate" requires a most recent basis of suchinformation i) to link pedological information to landscape and topographical properties ii) to have information on soil texturefor further investigation of landscape scale hydrological properties and erosion potential iii ) and to be able to point out
pedological units for modelling , scenario analysis , remote sensing campaigns and regionalization .
Materials and methods The generation of the digital soil map for the Xilin river catchment comprises three working phases i)selection of sampling points ii) sampling campaign in the field iii) generation of the soil map . For the selection of sampling
points １０ ecological units in total were classified on the basis of a land use classification and a topographical distinction using aGeographical Information System ( GIS ) . For this purpose six land use classes were derived from a Landsat image of thecatchment area from August ２００５ . These include bare soil , sand dunes , steppe , marshland and water , mountain meadow andarable land . Furthermore the most abundant land use classes sand dune , mountain meadow and steppe were sub‐divided intotopographic classes . Therefore the compound topographic index ( McBratney et al . ２００３) was used as a measure of topographiccontrol on hydrological processes . For soil sampling in each class three sampling points were selected to perform a soilclassification by digging of soil pits . Additionally １０ samples in each class were taken with a Puerckhauer auger . Sampling
points were randomly spread over the ten classes . To avoid clusters of sampling points , which were likely to occur in classes oflittle spatial extension , the random distribution was supervised . For the generation of the soil map regionalization of pedologicalinformation will be done by classification and regression trees ( Breiman et al . １９８４ ) . This method allows identifyingrelationships between landscape features and soil properties so that soil information from the sampling points can be transferredto places with similar landscape features .
Results Terrain analysis resulted in the development of a sampling scheme for the pedological investigations . First results of thesampling campaign in ２００７ show the distribution of soil types throughout the upper catchment . As expected Kastanozems arewidely spread in this area . They are predominantly found in the in the land use class steppe . However , even some of the soilsat sand dune sites , which were thought to show only little soil formation can be classified as Kastanozem . Regosols are anothertypical soil type for this class . The land use class bare soil , which is characterized by little or no vegetation , shows a similardistribution of soil types as the sand dune classes . Kastanozems and Regosols are most common , also hybrid forms can be foundin which Kastanozems and Regosols are associated . Gleysols are mostly found at sites in vicinity of the Xilin river , which areconnected to the groundwater . They can also be found in small valleys or depressions where sub‐surface waters fromneighbouring areas collect . The richest soils are found in the land use class mountain meadow . Pedogenetic conditions here aremost favourable and lead to the formation of chernozems with deep humic Ah horizons .
Acknowledgement We are grateful to the Deutsche Forschungsgemeinschaft ( DFG) for their generous funding of the ResearchUnit ５３６ �MAGIM" .
ReferencesBreiman , L . , Friedman , J . , Olshen , R . et al . , ( １９８４) . Classification and Regression T rees . Pacific Grove : Wadsworth .McBratney , A .B . , Mendonca Santos , M .L . and Minasny , B . , (２００３) . On digital soil mapping . Geoderma １１７ , ３‐５２ .
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Gobi Forage : an early warning system for livestock in the Gobi region of Mongolia
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Introduction During the period from １９９９ to ２００２ , Mongolia experienced a series of droughts and severe winters that loweredlivestock numbers by approximately ３０％ countrywide . In the Gobi region , livestock mortality reached ５０％ with manyhouseholds losing entire herds ( Siurua & Swift ２００２) . In March ２００４ , a program was initiated by the United States Agencyfor International Development ( USAID ) through the Global Livestock Collaborative Research and Support Program ( GL‐CRSP) . The goal of this program was to develop forage monitoring technologies that provide early warning of drought andwinter disasters to improve livestock herder decision making in the Gobi region . The program has two major objectives : ( １) todevelop a regional forage monitoring system that provides near‐real time spatial and temporal assessment of current andforecasted forage conditions , and (２) to develop a communication infrastructure that provides stakeholders with data on forageconditions to assist them in making timely and specific management decisions .
Materials and methods Since May ２００４ , ２９７ monitoring sites have been established in ８ provinces in the Gobi region ( Figure １ ) .At each site , vegetation , soil , and grazing data were collected for input into the PHYGROW forage production model ( Stuth etal . ２００３ ) . PHYGROW is driven by near real‐time climate data acquired from the National Oceanic & AtmosphericAdministration摧s ( NOAA) CMORPH system ( Joyce et al . , ２００４ ) . The forage model outputs for the monitoring sites arecoupled with Normalized Difference Vegetation Index ( NDVI) data using geostatistics to create surface maps of forage yield anddeviations from long‐term average . Statistical forecasting ( Stuth et al . , ２００３) is used to project forage conditions for ６０ daysinto the future .

　 Figure 1 Current f orage dev iation f rom long‐term average
f or the Sep tember 1 to 15 , 2007 period in the study area .

Results Maps of forage availability and deviation from long‐term average are produced each half month . A sixty‐dayforecast of forage conditions is also provided . Maps aredistributed via mail and internet to local and regional
governments . Situation reports , derived from model and mapoutputs , are broadcast weekly on national radio . During thesummer and fall of ２００７ , the early warning system was able todetect severe drought conditions in the Gobi Altai andDundgobi provinces . ( Figure １ ) . A survey conducted inOctober ２００７ indicated that the radio broadcasts were aneffective means of communicating the early warninginformation and that the maps were useful for providinginformation for livestock movement and decision making .
Conclusions A forage monitoring system has been developed to
provide early warning for below normal forage or catastrophicwinter conditions on rangelands in the Gobi region ofMongolia . The system has been effective in identifyingregional drought and providing information on probableconditions within a ６０ day window . Information from thissystem will allow stakeholders access to real‐time informationto reduce risk of livestock mortality , protect the ecologicalstability of the rangeland resources .
ReferencesJoyce R .J . , J .E . Janowiak , P .A . Arkin & P . Xie ( ２００４ ) . CMORPH : A method that produces global precipitation estimates from passive microwave and infrared data at high spatial and temporal resolution . Journal o f H ydrometeorology , ５ ,
４８７‐５０３ .Siurua H . & J . Swift ( ２００２ ) . Drought and zud but no famine ( yet ) in the Mongolian herding economy . IDS Bulletin ,Institute of Development Studies , ３３ , ８８‐９７ .Stuth J . , J . Angerer , R . Kaitho , K . Zander , A . Jama , C . Heath , J . Bucher , W . Hamilton , R . Conner & D . Inbody
(２００３) .The Livestock Early Warning System ( LEWS) : Blending technology and the human dimension to support grazingdecisions . A rid L ands Newsletter No . ５３ , May / June .
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Image‐based rangeland monitoring at multiple scales
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Introduction Sustainable rangeland management is enhanced by accurate ecological assessments and these , in turn , can beenhanced by advancing technology and decreasing labor costs . Image‐based , multi‐scale monitoring can reduce data‐collectioncosts and reveal pattern and process ( Wu , １９９９ ) to allow , for example , assessing the relationship between the functionalintegrity of ecosystems and biodiversity across regions ( Ludwig et al . , ２００４) . Here we examine the potential benefits of image‐based , multi‐scale monitoring protocols .
Materials and methods Fifty plots were located in ４ plant communities of the Jornada Experimental Range ( JER) , NM , USA .Ground cover for the plots was obtained using , ( a) １‐mm ground sample distance ( GSD) ground‐based images analyzed withobject‐based image‐analyses methods , and ( b) the line‐point‐intercept ( LPI) sampling method ( Laliberte et al . , ２００７a) . AQuickBird satellite image acquired over the study area was segmented at ４ different scales , resulting in a hierarchical network ofimage objects representing the image information in different spatial resolutions ( Laliberte et al . , ２００７b) . This allowed fordifferentiation of individual shrubs at fine scales and delineation of broader vegetation classes at coarser scales . At the CentralPlains Experimental Range ( CPER) , CO , USA , １‐mm GSD images were acquired for ２００ locations across ３ pastures usingground and aerial photography ( Booth and Cox , In Press ) . Ground cover was measured from the CPER images using�SamplePoint�software .
Results and discussion Image acquisition and object‐based analysis for ground cover at JER gave ８０％ correlation with LPI databut required half the labor . Work at CPER complemented that at JER in that １‐mm GSD imagery obtained from the ground orthe air was equally effective for detecting ground‐cover differences due to pasture stocking rate , thus demonstrating the
potential to save data‐collection time and cost by aerial image acquisition . The combination of multi‐resolution imagesegmentation and decision tree analysis of the QuickBird image facilitated the selection of input variables and helped indetermining the appropriate image‐analysis scale , thus enhancing vegetation‐mapping accuracy over conventional methods .
Conclusions Image‐based monitoring using １‐mm GSD ground or aerially acquired images reduces data‐collection costs ; multi‐scale data expands pattern detection possibilities enhancing vegetation mapping accuracy . Together these technologiescontribute to our rangeland monitoring and sustainable‐management capacity .
ReferencesBooth , D .T . and S .E . Cox . Image‐based monitoring to measure ecological change in rangeland . Frontiers in Ecology and theEnvironment . ( In Press) .Laliberte , A . . S . , Rango , A . , Herrick , J .E . , Fredrickson , E .L . and Burkett , L .M . ２００７a . An object‐based imageanalysis approach for determining fractional cover senescent and green vegetation with digital plot photography . Journal o f

A rid Env ironments ６９ :１‐１４ .Laliberte , A .S . , E . L . Fredrickson , and A . Rango . Combining decision trees with hierarchical object‐oriented image analysisfor mapping arid rangelands . ２００７b . Photogramm Eng Rem S ７３ :１９７‐２０７ .Ludwig , J .A , David J . Tongway , Gary N . Bastin , and Craig D . James . ２００４ . Monitoring ecological indicators of rangelandfunctional integrity and their relation to biodiversity at local to regional scales . A ustral Ecology ２９ :１０８‐１２０ .Wu , J . １９９９ . Hierarchy and scaling : extrapolating information along a scaling ladder .Canadian Journal o f Remote Sensing
２５ : ３６７‐３８０ .
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Hand held computers improve rangeland health data collection and analysis
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Most British Columbia ( BC) Ministry of Forests and Range ( MFR) Range staff use paper forms to collect rangeland healthdata . They have requested improved methods of collecting and analysing data . Monitoring and tracking rangeland health with ahand held computer linked to a Global Positioning System ( GPS) enhances field data collection and analysis . Range staff arebeginning to use digital forms , a process which notably reduces the time taken to complete analysis and w rite reports after datacollection . This paper outlines the need for advances in data collection , the practicalities of electronic data collection and theuptake of new technology by Range staff .
Prior to ２００４ , Range staff collected field data with paper forms . A field day required a large paper map for navigation ,clipboards to w rite on and water resistant paper forms to record observations . Staff carried a separate GPS unit to collect spatialdata and transferred it to the paper form . Analyzing data and generating reports required three office days for each single dayspent in the field . Field observations from one week generated a box full of forms which in turn required nearly a month toanalysis and summarize .
The MFR model of electronic data collection requires a Personal Desktop Assistant ( PDA ) , GPS , and ArcPad mappingsof tware to support data collection . Users navigate , orientate themselves and collect data within base layers downloaded from acentral data repository and displayed on the screen of their PDA . Available information includes ５ metre resolution satelliteimagery , contour lines , a vegetation layer and a blended biological , geological and climatic layer . Data are recorded in the formof shapefiles , which are directly compatible with the ArcMap programs used by the MFR geomatics specialists .
Effective electronic data collection requires an operator with knowledge of the ecosystem , PDA , GPS and appropriate protectivecases . A compact flash or secure digital memory card of at least １ gigabyte is necessary to store base imagery , useful shapefilesand inspection forms . Operators may find useful a telescopic pole to elevate the GPS and a mobile battery to extend field time .Most basic PDAs will have the necessary processing speed and radio receiver to operate the ArcPad software and link with aGPS . Total cost for equipment and software is between ＄ ２ ,０００ and ＄ ３ ,０００ .
Operating time with an extended battery is ６ to ７ hours . Users can increase field time by carrying a spare battery or mobilebattery , or charging the PDA and GPS in the truck between inspections . Operators can partially fill out inspection forms in thefield and edited them back in the office . The processing power of the PDA allows the operator to carry additional electronicinformation from each range client or a spread sheet to calculate rangeland carrying capacity . Collecting data with a hand heldcomputer allows for consistent collection of information in the form of a permanent legible electronic file that is easy to store andsort . Electronic data collection can include recording range use , more elaborate inspections to determine rangeland health ,identifying the location of range improvements , identifying the location of new invasive plants , determining the carryingcapacity of a particular pasture , navigating in the field , linking digital pictures with the appropriate inspection form andrecording additional notes .
Range staff have created a guide to system operation because users are located in different areas of the province . The guideaddresses topics including : using ArcPad with electronic forms , acquiring and using underlying spatial data and addressing PDAchallenges . New users are most successful in learning the technology when they are interested in it and recognize its benefits .Beginners often feel frustrated using this hand held electronic data collection system because they expect the speed and responseof their personal computer and underestimate the importance of maintaining a line‐of‐sight between the GPS and the sky .
Range staff report that the conversion to electronic data collection reduces analysis and summary time by at least ７５％ .Unanticipated benefits of adopting the new technology include improved navigation and a visual summary of the extent of amonitoring regime , which improves the cost‐effectiveness of subsequent field trips . Adopting this new technology is animportant step to improving the understanding of the health of rangelands at a coarse scale . In the future , Range staff will berequired to perform more mapping work while technological advances will likely provide us with faster PDAs capable of
performing more tasks and processing finer resolution imagery .
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Estimating the dry matter of grasses and shrubs in semi‐arid zones using visible and near‐infrared
wavelengths recorded by high resolution aerial photographs
A ndreas Buerkert1 , S te f an Siebert 2 , B runo Gérard 3 , Wol f gang Schaeper 4 and Marco Buschmann5
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Introduction Non‐destructive estimates of plant biomass in semi‐arid grasslands were for long hampered by the availability ofhigh resolution radiation data . Recently IKONOS and QUICKBIRD satellite images have become available for all areasworldwide but their costs are in contrast to LANDSAT and SPOT datasets often prohibitive . Aerial photographs with aresolution of ５‐１０cm taken from kites or small remotely controlled drones are a low‐cost alternative for areas where images fromairplanes are hard to obtain and the size of study sites ranges from １‐２５００ha .
Materials and methods At a weight of about ３kg each , the self‐made , １ .８ × ２ .５m kite and the drone of wing span ２ .２m is ableto carry a digital camera ( Fuji F３０) to altitudes of １００‐１５００m above ground ( Figure １) . Exposure of pictures ( kite and drone)and positioning of the drone ( propelled by a battery‐powered Hacker ５０ geared brushless motor with ３５０W power ) was
performed with a standard remote control ( Robbe/ Futaba FC‐２８) w ith １００mW RF output in the ３５MHz band . The equipmentwas used to take aerial images from ２５０m for dry matter ( DM ) determination of pearl millet ( Pennisetum glaucum L .) , grassmixtures and the shrub Guiera senegalensis in the African Sahel and of A lhagi sp arsi f olia in the Chinese Taklamakan desert .Ground measurements allowed to calibrate and validate the remote data .

　 Figure 1 K ite ( a) and remotely controlled
drone ( b and c ) taking true colour and
near‐in f rared aerial images o f grass and
bush vegetation .

Results and discussion For the studies in the African Sahel the GIS basedanalysis of true‐colour and infrared aerial photographs permitted the
quantitative monitoring of millet DM development throughout the growingseason . Infrared images were most efficient in the detection of vegetationfollowed by the normalized green band of true‐colour images . The red band oftrue colour images was the least effective because of soil albedo and imagevignetting .
Analysis of true‐colour images of the grass mixtures and the bare soil revealedthat the number of normalised green band pixels averaged per plot was highlycorrelated with the DM of grass mixtures ( r ＝ ０ .８６) and that red band pixelswere related to differences in soil surface crusting . The observed ２‐yr residualeffects of straw application and phosphorus fertilization on grass grow thshowed DM increases ＞ １００％ and １４％ , respectively .
Regressions between the DM of Guiera coppices and their canopy area weresatisfactory ( r ＝ ０ .７６ to ０ .９３) and permitted the calculation of the individualcoppice dry matter for the entire field with fewer than ４０ destructivemeasurements .
For the studies in China first and second order polynomial regressions betweenDM data of ５０ ground‐truthed A . sp arsi f olia shrubs and their respectivecanopy area allowed to automatically calculate the DM of all remaining shrubs covered by the photo‐graph ( r２ ＝ ０ .９２ to ０ .９６ ) .The use of non‐linear DM regression equations required an automatised separation of shrubs growing solitary or in clumps .Separation criteria were the size and shape of shrub canopies . The results showed that the GIS‐based approach led to anoverestimation of A . sp arsi f oilia DM in densely vegetated areas , a systematic error which decreased with increasing size of thesurveyed area . The application of the described techniques for vegetation monitoring in the Chinese‐Mongolian Altay isdiscussed .
Conclusions Today摧s image processing techniques true‐colour and infrared images taken from self‐made high resolution images ofdesert vegetation allow to quantify their above ground biomass and measure treatment effects . For successful application strongcontrasts between vegetated areas and bare ground , simple plant stands of few species , enough geo‐referenced points to correctfor distortions of the images and destructive DM data for calibration are needed .
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Husbandry of free‐ranging cows using virtual fencing concepts
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Introduction Virtual fencing is a method for managing free‐ranging animals that melds electronics with animal behavior toaccomplish animal control in lieu of conventional fences . Sensory cues , most commonly sound and electrical stimulation , havebeen used to warn an animal that it is approaching an invisible radio frequency ( RF) boundary . Today RF signals emanatingfrom satellites , such as those from the Global Positioning System ( GPS) , replace the need for ground based RF signals . GPScan accurately and precisely determine an animal摧s location on the landscape , and when combined with a Geographic InformationSystem ( GIS) , it is possible to administer cues autonomously in a temporal and spatial format that produces repeatable lowstress prescription animal management . Directional virtual fencing (DVFTM ) , previously described by Anderson (２００１ ; ２００７) ,has been used successfully to hold and move free‐ranging cattle across an arid rangeland landscape . The object of this study is toautonomously gather two groups of free‐ranging beef cows into a corner corral containing the only source of drinking water fromvarious locations in a ４６６ ha brush infested paddock between sunrise and sunset using only audio cues ( Albright et al . , １９６６) .
Material and methods Two treatments , each with ten mature crossbred Bos tarus x Bos indicus beef cows will be stratified intoone of two prior handling treatments and evaluated for efficiency of autonomous gathering . The livestock in the treatment notcurrently being evaluated will be maintained in an adjacent paddock located approximately １ .６ km north of the corral into whichthe autonomous gathering is conducted . Electronic devices designed and built by the Massachusetts Institute of Technology
( MIT ) , capable of recording an animal摧s spatial location using １ Hz GPS technology as well as hardware and software foradministering autonomous audio cues with wireless data transmission capabilities will be mounted on neck saddles attached tohalters worn by the cattle . Background on each animal摧s temporal diurnal pattern of movement to the corral and trails used willbe recorded during week one in the absence of any audio cues being administered . Once each day during the following twoweeks , five morning and five afternoon autonomous gatherings will be randomly conducted outside the time interval cattleentered and exited the corral during week one . The treated group will consist of ten cows , previously habituated to being
gathered into the corral from this paddock using human voice as well as sounds from a gas powered all‐terrain vehicle ( ATV) .Once these�treated cows" reached the corral during habituation they were given immediate access to drinking water and a smallamount of protein supplement . It was during one of these manual gatherings that all audio sounds were recorded . Theserecorded sounds will be autonomously played back to both the treated and control cattle in an attempt to move them to thecorral in the absence of humans being present . The control cows had never been gathered from this paddock or any other usingthe audio being autonomously played , however , the cows were trained to wear electronic equipment and eat proteinsupplement .
Results and discussion Field notes , video and still pictures together with GPS data will be discussed especially in light of whether
prior training is essential in order to optimize autonomous gathering of cows using audio cues .
Conclusions Data will confirm or refute that autonomously applied audio cues can be used successfully to gather free‐rangingcattle without the need for humans to be present .
ReferencesAlbright , J . L . , Gordon , W . P . , Black , W . C . , Dietrick , J . P . , Snyder , W . W . , Meadows , C . E . , ( １９６６ ) . Behavioralresponse of cows to auditory training . Journal o f Dairy Science , ４９ , １０４‐１０６ .Anderson , D . M . , (２００１) . Virtual fencing‐a prescription range animal management tool for the ２１st century . In : Sibbald ,M . ,Gordon I . J . ( Eds) . Proceedings o f the Con f erence �T racking A nimals w ith GPS摧 １２‐１３ March ２００１ .Aberdeen Scotland : Macaulay L and Use Research Institute , ８５‐９４ .Anderson , D . M . , (２００７) . Virtual fencing‐past , present and future . The Rangeland Journal , ２９ , ６５‐７８ .
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Factors influencing the spatial distribution of beef cattle on Mediterranean rangeland
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Introduction The rules governing spatial distribution of beef cattle on rangelands are poorly understood . Nevertheless , animalmovement patterns are known to often lead to non uniform utilization of the rangeland . For example , cattle prefer to movealong trails that incur low costs of energy expenditure that depend on vegetation quality and paddock size ( Ganskopp et al . ,
２０００) . Their movements are influenced also by the location of watering points ( Ganskopp ２００１ ) . The spatial differences inforage consumption lead to high grazing pressure on some patches , while in others cattle presence is low . Understanding therules of cattle movement can provide us with tools for improving the utilization of rangelands , and can enable us to direct cattleutilization to management‐targeted areas . The objective of this research was to study the grazing behavior of free‐ranging cattlein a spatially explicit way to better understand the interrelationships between features of the landscape and cattle movement patterns .
Material and methods The experiment was conducted at the Karei Deshe experimental farm in northern Israel ( ３２°５５′N , ３５°３５′E) . The area is a Mediterranean rangeland with rich hemicryptophytic vegetation , hilly topography with slopes generally lessthan ２０° , and an average annual rainfall of ５７０ mm that falls mostly from November to March . During the years ２００２ to ２００５data on the movements of beef cows (１０９ in total) was collected by fitting Lotek GPS collars which provided the location andactivity of the animals at a temporal resolution of five minutes . Collars were deployed for periods of ２‐１０ days during differentperiods of the year ( Feb . , Apr . , Jun . , and Aug .) . The paddocks were of approximately ３０ ha in size and stocked at a high( HP) or low ( LP) grazing pressure of ０ .９ or １ .８ ha/cow , respectively . Each paddock included a water trough , an area shadedby trees , and a supplementary feeding site which was used during late summer only . Using suitable GIS map layers each plotwas divided into a grid of ２５ × ２５ m . For each cell the following attributes were computed : slope , and the distances to the watersource , shade area , feeding site ( whether or not in use) , and the nearest fence . We assessed five factors that might influencecattle distribution : the three resource factors of water , shade and feed supplement locations , the natural characteristic of slope ,and the fence line . In three paddocks the water and feed supplement sites were in the vicinity ( ＜ １００ m) of the shade sites ,while in the fourth plot ( plot ２) the feeding site was ＞ ５００ m from the shade site .

　 Figure 1 Cattle sp atial distribution
(white dots ) in p lot 2 , A ugust 2005 .
Darker cells have a higher slope .
Dotted circle : w ater trough ; dotted
square : f eed site ; colored polygon :
trees site .

Results The proportion of cattle locations within ２００ m from water site ( Figure １and Table １) shows a dramatic increase (０ .２９ － ０ .７４ ) in use from winter ( Feb .)to late summer in paddocks having adjacent resource factors ( plots ４ , ５ , ７ ) . Inplot ２ , where the feeding and shade sites were far apart , a relatively similar usefor all seasons was obtained . Comparison of the utilization of slopes to theirdistribution in the paddock showed no significant difference during early winter( Feb .) , while in later seasons a high preference of slopes ＜ ８° was found . Noeffect of the fence line on cattle distribution in the different paddocks was found atthis stage .
Table 1 Proportion o f cattle GPS locations w ithin ２００ m o f the w atering trough .
Plot Stocking rate Feb/Mar Apr Jun Aug
２ &LP ０ 鬃.４５ ０ 热.４０ ０ 父.３０ ０ 适.４６
４ &HP ０ 鬃.３３ ０ 热.５３ ０ 父.７２ ０ 适.８６
５ &LP ０ 鬃.２９ ０ 热.４７ ０ 父.５５ ０ 适.６０
７ &HP ０ 鬃.１７ ０ 热.５４ ０ 父.６６ ０ 适.７８

Conclusions The relative position in a paddock of resource factors has a major effecton the spatial distribution of cattle . Thus it might be possible to change grazingpatterns and improve forage utilization by altering resource positioning . Suchchanges should be cognizant of the distribution of topographic conditions and othernatural resources in the paddock .
ReferencesGanskopp D , Cruz R , Johnson DE (２０００) . Least‐effort pathways ?a GIS analysisof livestock trails in rugged terrain . A p p lied A nimal Behav ior Science , ６８ ,

１７９‐１９０ .Ganskopp D (２００１ ) . Manipulating cattle distribution with salt and water in large arid‐land pasture : a GPS /GIS assessment .
A p p lied A nimal Behav ior Science , ７３ , ２５１‐２６２ .
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Areas of distribution of cultivated and wild‐growing forage plants in electronic �Atlas of
Economic Plants and Their Diseases , Pests and Weeds of Russia and Neighboring Countries"
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In order to study cultivated plants occurring in Russia and adjacent countries and their wild relatives , as well as major diseasesand pests , an electronic Atlas of Economic Plants and Pests of Russia and Adjacent Countries has been developed . The processof its development was a laborious complex work involving expertise of diverse specialization from a number of Russianscientific institutions . This work was supported by the United States Department of Agriculture ( USDA ) and funded by theInternational Science and Technology Center ( ISTC) .
Key objects of the Atlas are cultivated plants and their wild relatives . The N . I . Vavilov Institute of Plant Industry ( VIR) hasaccumulated enormous factual materials on the distribution of these plants over the territory of the former Soviet Union‐specialreference books , archives of VIR collecting missions in different years , in situ collections of cultivated and wild species
preserved in the National Genebank of Russia and the Herbarium of Cultivated Plants , their Wild Relatives and Weeds . Thesesources of information together with floristic lists of regional Flora , Directories , regional and national ( Botanical Institute ofRussian Academy of Sciences) herbaria , monographs and publications on separate taxa , published maps of areas of distributionand other literary references served as the basic material for mapping the areas of crop species and their wild relatives .
Area maps for １００ cultivated species were developed , among them are ２８ forage crop‐species maps . The list of cultivated plantswas compiled on the basis of the periodical edition�Catalog of Commercial Crop Varieties" .
The species of Crop Wild Relatives ( CWR) were selected for the Atlas according to the �List of CWR in Russia" prepared byVIR Department of Agrobotany and taking into account their agricultural significance . Among them are ２５５ forage species .Forage species of the Atlas belong to three main families : Leguminoseae Endl , Роасеае Barnhart , Chenopodiaceae Vent andsome others .
Each object in the Atlas is represented by the following materials : area map layers , metadata , description of the techniquesused for map development with references on information sources , brief description of the object and it摧s image .
Map layers : vector and raster . Vector maps are presented in Mapinfo exchange Format ( MIF/MID ) . Main types of vectorlayers are polygonal and punctual ; for auxiliary layers a linear demonstration variant ( polyline) is possible . Datum — WGS８４ .Scale １ :２０００００００ . Each layer is supplemented with metadata . Raster Maps : data format — Idrisi ３２ for Windows — ９x / NT /
２０００ /XP . Datum — WGS８４ . Each layer is supplemented with metadata . Vector layers of boundaries and coastlines aresuperimposed on geographically bound rasters . Composition saved in .gif or .jpg formats give information on precision of
geographic binding . Metadata include : name of the map ; name of the author of the map , name of the GIS expert , release dateof the map ; scale and precision of the map ( units of measurements , for example : raster cell １０x１０ km) ; projection indicatingthe datum and ellipsoid ; basic contents of the map , classifier , accuracy of the classifier ; mapping methods ( brief , reference) ,data sources ( reference) ; rights and copyrights , notes . The text is adjusted to the source materials with the help of hyperlinks .
Descriptions include : correct name of the species — Latin ( according to the International Code of Botanical Nomenclature , andit摧s major synonyms ) , main morphological , geographical , ecological and biological features of the species , utilization andeconomical value .
The Atlas materials are stored on CD and available on the web ( www .agroatlas .spb .ru .) in Russian and in English . Areamaps of the species , included to the Atlas , are invaluable for analyzing biodiversity of major crops and their relatives in Russiaand adjacent countries . The maps may be used also for breeding purposes‐for example , to select plant forms ( ecotypes) adaptedto certain environments , resistant to diseases and pests , possessing certain commercial characters and potential for growing insimilar conditions in another places of the country or of the world . The Atlas can serve also as the basis for analyzing spatialstatistics describing the distribution of crop and CWR species diversity over Russia and adjacent countries . The Atlas can alsobe used as a guideline manual for specialists and students of agronomic , biological and geographic colleges .

"
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Height‐weight profiles of two key species to assess utilization of grasslands in Boroujen , Iran
A taollah Ebrahimi
A ss . Pro f . Dep . Range and W atershed Management , Shahrekord University , Shahrekord , Po .Box 115 , I ran , E‐mail :
ebrahimi‐a＠ agr .sku .ac .ir

Key words :Range management ; proper utilization ; rapid method ; Bromus tomentellus ; Stip a lessingiana

Introduction Considering the extent of rangelands , a rapid and accurate method is vital for regular determination of utilization .So far , several , mostly time consuming and expensive , methods have been developed to estimate rangeland utilization . Instead ,the height‐weight relation ( Cook & Stubbendieck , １９８６ ) is a rapid approach to determine utilization . The objective of thisstudy was to establish height‐weight profiles for two key species , Bromus tomentellus and Stipa lessingiana , to assessutilization in semi‐arid grassland of Boroujen , Iran .
Materials and methods This study was conducted at Marjan , Boroujen , (３２°０′３２″N and ５１°７′２６″E , with ca .４６００ ha , ２１９７ a .s .l .) . Within the study area , a representative area was selected and three transects were established , each ２００‐m long . Alongeach transect ,３０ mature plants ( seeding stage) of each species were randomly selected , cut at ground level after that leaves andculms were held in place by w rapping string spirally around the plant . The samples were oven dried at ６５° c and finally cut with
２ cm intervals and weighed . Data analysis was carried out with SPSS v .１５ ( SPSS Inc . , Chicago , USA ) . Several linear andnonlinear regression models were tested to study the relationship between independent ( cumulative height ) and dependentvariables ( cumulative weight) .
Results Height‐weight relations are influenced by species canopy structure . The main herbage mass of the two species isconcentrated in their basal part . The best curve fit between height ( X) and weight ( Y) for the two species was cubic ( r２ ＝ ０ .９９
p ≤ ０ 爛 ００１) ( Figure １) .

Figure 1 Height‐weight relations o f Bromus tomentellus and Stipa lessingiana .
Discussion The very high correlations ( r２ ＝ ０ .９９ p ≤ ０ 爛 ００１ ) between height – weight of Bromus tomentellus and Stip a
lessingiana show that this method can be effectively used to determine utilization of grasses in this semi‐arid grassland . Sincethese two species are known as the two key species of the study area ( Ebrahimi , １９９７ ) , their utilization can serve as anindicator of grazing intensity and utilization . Since grazers are selective for leaves over stems ( Ganskopp and Bohnert ２００６ ) ,further work is needed to confirm the results over different sites and seasons .
Conclusion Height‐weight relation as an inexpensive , non‐destructive and easy method for determination of utilization ,specifically where grasses are the dominant species and the pattern of defoliation is known .
ReferencesEbrahimi , (１９９７) . Establishing a suitable model to determine short‐term grazing capacity . Msc . Thesis , TMU , Iran .Ganskopp , D . , and Bohnert , D . ( ２００６ ) . Do pasture‐scale nutritional patterns affect cattle distribution on rangelands ?

Rangeland Ecology and Management , ５９ , １８９‐１９６ .Cook , C .W . and Stubbendieck , J . , (１９８６) . Range Research : basic problems and techniques . Denver , CO , SRM , USA .
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Using GIS and geostatistics to study spatial variation of soil test phosphorus in grassland
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Introduction There is little information on spatial variation of soil test phosphorus . This is now important because of the use ofsoil test phosphorus as a basis for national and EU policies such as the recently introduced Nitrate Directive ( StatutoryInstrument ３７８ of ２００６) . Systematic soil sampling methods such as grid sampling have been proposed to better evaluate soilfertility (Wollenhaupt et al . , １９９４ ) . Soil test vaules collected by grid sampling can be directly mapped or may be used toevaluate the values of unsampled locations using spatial interpolation ( Mallarino , １９９６) .
Material and methods A typical permanent grassland( total area : ４５ hectares) ,at Wexford , Ireland ,was chosen in this study . Atotal of ５３７ soil samples were collected from a point (１０ cm diameter) based on a ３０m × ３０m grid system . Soil test phosphorus( P) , potassium ( K) , magnesium (Mg) , pH and lime requirement ( LR) were determined . Geostatistics and GIS were used tostudy spatial variation of soil test phosphorus ( as an example of soil test nutrients) .
Results and discussion A clear spatial distribution of P was mapped in Figure １ . Most of the P values were in the medium range ,according to European Communities Regulations ( Anonymous , ２００６ ) . Some patched high P values was discerned thatcorresponded to the early slurry spreading in the study area . P data followed a positively skewed distribution . Good spatialcorrelation of P was observed af ter log‐transformation of the data , which can be fitted by a spherical model ( Figure ２) .

Figure 1 Symbol map show ing soil test P . Figure 2 Ex perimental semivariogram and f itted P
model .

Conclusions Results indicated that the uneven slurry spread and other management practices ( e .g . ?) were the main factors forspatial distribution of soil test phosphorus . It is concluded that GIS combined geostatistics was a useful tool to study spatialvariation of soil nutrients at farm scale .
ReferencesAnonymous (２００６ ) . S .I . No . ３７８ . European Communities ( Good agricultural Practice for Protection of Waters) Regulations .Mallarino , A .P . (１９９６) . Spatial variability patterns of phosphorus and potassium in no‐tilled soils for two sampling scales .

Soil Science Society o f American Journey , ６０ , １４７３‐１４８１ .Wollenhaupt , N .C . , R .P .Wolkowski , and M .K . Clayton . ( １９９４) . Mapping soil test phosphorus and potassium for variable‐rate fertilizer application . Journal o f p roduction A griculture . ７ , ４４１‐４４８ .
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Introduction Silvopastoral systems combine forest production with pastoral use of the understory .Most rangelands of theFlooding Pampas are dominated by C４ species ( Perelman et al . ２００１ ) , which determines a low quantity and quality of foragesupply during winter , a critical period for livestock production ( Paruelo et al . ２００１) . Clavijo et al . (２００５) found a lower liveherbaceous plant cover , and a lower absolute ground cover of C３ species but a higher proportion of C３ than C４ species in sitesafforested with poplars in comparison with the open grassland . This indicates that planting deciduous trees may constitute analternative for revert the dominance of warm season grasses and therefore increase winter productivity . Remote sensing allowsthe estimation of productivity of grasslands ( Oesterheld et al . １９９８ ; Purevdorj at al . １９９８ ; Paruelo et al . ２００１) . The objectiveof this work was to identify and interpret by remote sensing changes in the herbaceous winter productivity associated to theestablishment of deciduous trees .
Materials and methods We obtained NDVI ( as an estimator of primary production) from satellite images , and then we comparedit with the field information obtained on the same grasslands . NDVI was compared in ９ Poplar afforestations ( F) with theirrespective paired plots with original grassland ( G ) . The plots were located at Castelli , province of Buenos Aires , Argentina
(３６°０５′S ; ５７°４８′W) . Multispectral images of Landsat ５ TM satellite ( Path : ２２４‐Row : ０８５) , of ３０ meters of spatial resolutionwere used during the winter period . Satellite data were accompanied with basal cover and other parameters previously obtainedin the field (Clavijo et al . ２００５) . Data were analyzed using ANOVA model with repeated measures .
Results and discussion The NDVI from F and G stands was not significantly different ( P ＝ ０ .９７) . However , F stands had largerNDVI per unit of basal cover of C３ than G stands ( P ＜ ０ .０７ , Figure １) . These results show that C３ species would be on a bettercondition in F plots than in G during winter period . T rees likely generate better micro environmental conditions for the growingof C３ species , by decreasing incident radiation and temperature and letting C３ species exploit radiation during winter when treesare leafless ( Clavijo et al . ２００５ ) .

Figure 1 NDV I af f ected by basal cover o f C3 o f F and G stand in f our dates
during w inter period . Vertical lines show standard error .

ANOVA 　 　 　 　 F values 　 　 　 　 p values

F/G ４ .２４ ０ ．０７
倡

Date １６ .９ ＜ ０ ．００１
倡倡

F/G X Date １ .８ ０ ．１５７ ns
Conclusions The combination of remote sensing data and field measurements of plantcover of different functional types allowed us to demonstrate that the decrease ofabsolute plant cover of C３ grasses below afforestations did not translate into adecrease of winter ANPP , because the ANPP by unit of C３ grass cover increasedbelow afforestations .

ReferencesClavijo ,M .P . ,M . Nordenstahl ,P . Gundel ,& E .G .Jobbágy . (２００５ ) . Poplar afforestation effects on grassland structureand composition in the Flooding Pampas . Rangeland Ecology and Management ５８ (５) :４７４‐４７９ .Oesterheld M . , C .M . Di Bella & H . Kerdiles . (１９９８) . Relation between NOAA‐AVHRR satellite data and stocking rate ofrangelands . Ecological A p p lications . ８ : ２０７‐２１２ .Paruelo J .M . ,E .G . Jobbágy ,& O .E . Sala . (２００１) . Current distributions of ecosystem functional types in temperate SouthAmerica . Ecosystems , ４ :６８３‐６９８ .Perelman ,S .B . ,León ,R .J .C . & Oesterheld ,M . (２００１ ) . Cross‐scale vegetation patterns of Flooding Pampa grasslands .
Journal o f Ecology ８９ : ５６２‐５７７ .Purevdorj T , R .T .I . Tateishi & Y . Honda . １９９８ . Relationships between percent vegetation cover and vegetation indices .
International Journal o f Remote Sensing . １９ : ３２１９‐３５３５ .
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Introduction Grassland , covering one fourth of the land vegetation areas ( Sims , １９８８ ) , plays an important role world wideecologically and economically ( Han , ２００７) . The temperate grasslands in Inner Mongolia , China have been the focus in the lastseveral decades as the sand storm is getting severe annually in China . It not only affects the environment in China , but also
plays a role in the global circulation . Therefore , monitoring the health of the grassland condition is the purpose of this study .
Materials and methods Field level biophysical data were collected in the summer of ２００６ in three grassland types , typical steppe ,meadow steppe , and desert steppe . Satellite imagery , Landsat Thematic Mapper ( TM ) , was acquired for the same study areaas close to field season as possible . Satellite imagery was geometrically , radiometrically and atmospherically corrected . Twostudy areas were covered with multitemporal images ( desert steppe and meadow steppe) .
Results and discussion Figure １ demonstrates that satellite imagery is an effective way of assessing rangeland conditions . Amultitemporal approach is more effective than a single image . Spectral vegetation indices especially with soil adjusted indiceshave significant relationships with biophysical properties ( biomass , cover and canopy height) at various levels .

Desert Steppe Meadow Steppe Typical Steppe

Figure 1 False color composite L andsat TM imagery . A reas in red indicate green vegetation and in bleu are low vegetation .

Conclusions This study demonstrated that remote sensing is an effective way to assessing rangeland health . Specific vegetationindices are needed for low vegetation covered areas .
ReferenceSims , P . L . , (１９８８) , Grasslands , in Barbour , M . G . , and Billings , W . D . , eds . , North American Terrestrial Vegetation :Cambridge .
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Introduction T raditionally , crop suitability mapping has been based on hand‐drawn maps depicting general suitability regionsresulting in maps being of limited use as decision making tools . Advanced spatial analysis , involving GIS technologies , nowallows for creation of highly detailed crop suitability maps based on biophysical characteristics of the region and quantitative
plant characteristics ( Hannaway et al . , ２００５a , ２００５b) . This paper describes the application of spatial analysis to the mappingof suitability zones for alfalfa cultivars with fall dormancy and winter survival indices of ３ .
Map development process The Internet Map Server application ( http :/ /mole .nacse .org / prism / forages/ ) , developed by thePRISM Group ( http :/ / prism .oregonstate .edu) , was used to evaluate parameter values and create suitability maps . Maps weregenerated based on climatic factors ( mean January minimum and mean July maximum temperature and precipitation ) andedaphic factors ( pH tolerance , soil drainage tolerance , and salinity) . Mean January minimum temperature values were chosenbased on northern limits of survivability . Mean July maximum was based on summer survival which is a combination ofadequate soil moisture and sub‐lethal temperatures . A summary of climatic and edaphic tolerances is presented in Table １ andthe map generated by these values is displayed in Figure １ ; the tables and figures are based on plant tolerances taken fromUSDA‐NRCS (２００６) and Kotuby‐Amacher et al . (１９９７) . Fall dormancy and winter survival were estimated from the NationalAlfalfa & Forage Alliance ( ２００７) . Climatic values were taken from PRISM interpolated climate grids .

Table 1 Climatic and edaphic f actors and quantitative tolerances f or al f al f a cultiv ars w ith FD ＝ 3 , W S I ＝ 3 .

ReferencesHannaway , D .B . , D . Daly , L . Coop , D . Chapman , and Y . Wei . (２００５a) . GIS‐based Forage Species Adaptation Mapping .
pp . ３１９‐３４２ . In : S .G . Reynolds and J . Frame ( eds .) . Grasslands : Developments , Op portunities and Perspectives . FAOand Science Pub . Inc . , Rome , Italy .Hannaway , D .B . , C . Daly , M . Doggett , A . Matzke , and R . Kraynick . (２００５b) . Species Selection Information System . In :Oregon State University Forage Information System [ Online] . Retrieved from http :/ / forages .oregonstate .edu/ is / ssis /Hannaway , D .B . , C . Daly , M . Doggett , A . Matzke , and R . Kraynick . ( ２００５c ) . Climate Factors . In : Oregon State
University Forage In f ormation System [ Online] . Retrieved from http :/ / forages .oregonstate .edu/ is / aisKotuby‐Amacher , J . , R . Koenig , and B . Kitchen . ( １９９７) . Salinity and Plant Tolerances . U tah State University . [ Online] .Retrieved from http :/ / extension .usu .edu/ files / agpubs/ salini .htmNational Alfalfa & Forage Alliance . (２００７) . Winter Survival , Fall Dormancy & Pest Resistance Ratings for Alfalfa Varieties .[ Online] . Retrieved from http :/ / www .alfalfa .org / pdf /２００６％ ２０Final％ ２０Variety％ ２０Leaflet .pdfUSDA‐NRCS . (２００６) . National Range and Pasture Handbook . United States Department of Agriculture Natural ResourcesConservation Service . [ Online] . Retrieved from http :/ / www .glti .nrcs .usda .gov / technical/ publications/ nrph .html
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Introduction Grazemore DSS is a decision support system ( DSS ) developed to improve the use of grazed grass in dairy
production ( Hetta et al . , ２００５ ) . The software consists of a herbage grow th model ( HGM ) ( Barrett , Laidlaw & Mayne ,
２００４) and a herbage intake model ( HIM ) ( Delagarde et al . , ２００４ ) which predicts herbage intake and milk yield as dailyaverages for the herd during the residence time in individual paddocks . The HGM predicts herbage grow th for individual
paddocks ( kg DM /day) based on information on average day temperature ( ℃ ) , precipitation ( mm) and photosynthetic activeradiation ( PAR , MJ/m２ ) . Meteorological institutes can provide farmers with advanced weather forecasts where theseparameters are predicted in numbers on a daily base . The aim with this study was to investigate the possibilities to improve thegrazing management supported by the Grazemore DSS in combination with advanced weather forecasts .
Materials and methods During ２００６ a grazing experiment with １２０ dairy cows was conducted from the ９ of June to the ３１ ofAugust at the Forage Research Centre , Ume狈 , Sweden (６３°４５′N ; ２０°１７′E ; １２ m elevation) . The cows grazed ２２ ha of pasturewhich was divided into seven paddocks . The cows ( Swedish Red) were divided into two sub herds ; high and low yielding cowsdepending on initial milk production . The grazing calendar ( rotation order between paddocks ) was determined by theGrazemore DSS utilising a seven day weather forecast of the parameters needed to run the HGM . The limitations for the DSSwas set by user defined rules were the two groups of cows were kept in a restricted �first‐last" grazing management system ,where the high yielding cows entered a new paddock each day at night from １８ :００ to ０６ :００ and there after the low yieldingcows grazed the same paddock from ０９ :００ until １５ :００ . The DSS was used to keep a high utilisation of the grass meanwhilemaintaining a target milk production of ２５ .５ kg of milk/ cow per day through out the grazing season . When the cows were of
pasture they were kept in a louse house stall and fed on average for the two subgroups ８ kg DM of concentrates and ３ kg DM ofgrass silage per day . Milk production was recorded individually twice daily . Herbage mass was recorded as the mean of DMyield from three cut plots (０ .９ m２ ) in each paddock .
Results and discussion The results of the measurements and predictions of HM and MY and are presented in Table １ . The MYrepresents the daily average milk yield for the two groups and the HM represents the individual HM above ground level in asingle paddock . Comparisons of the actual and predicted MY show that the grazing management suggested by the DSS resultedin a small deviation from the targeted milk production ( MPE ＝ ９％ ) . There was a larger deviation ( MPE ＝ ３０％ ) for thepredicted HM in individual paddocks . However the over all bias in between targeted and recorded HM was small and theswards were in good condition trough out the experiment .

Table 1 Mean values o f actual ( A ) and by the G razemore DSS p redicted ( P) milk yield (MY ) ( kg milk / cow / day ) and
herbage mass ( HM ) (kg DM / ha) .
Target n A Min( A ) Max ( A ) STDV( A) P Min( P) Max ( P) STDV( P) Bias( A‐P) MSPE MPE
MY ７９ C２３ �.５ ２１ O.６ ２５  .５ ０ 崓.９６ ２５  .５ ２４ [.３ ２６  .５ ０ 排.５１ ２ 觋.０ ４ 墘.９７ ０ 鼢.０９
HM ３９ C２３９３ [１６７５ ǐ３３５９ a４８７ ２４６０ g１７５４ 贩３５０４ m４９１ 8６６  .０ ５１８２２８ A０ 鼢.３０
n ＝ Number of observations , MSPE ＝ Mean square prediction error , MPE ＝ Mean prediction error
Conclusions The high utilization of the grass in the paddocks with nice swards and a MY that was close to target indicate thatthe use of a DSS for grazing management in combination with advanced weather forecasts , may be an interesting alternative toincrease the use of grazed grass in dairy production .
ReferencesBarrett . , P .D . , Laidlaw , A .S & Mayne , C .S . ( ２００４ ) . Development of a European herbage grow th model ( The EUGrazemore Project) . Land Use Systems in Grassland Dominated Regions . Grassland Science in Europe ９ , ６３５‐６５５ .Delagarde , R . , Faverdin , P . , Baratte , C . , Bailhache , M . & Peyraud , J .L . ( ２００４) . The herbage intake model for grazingdairy cows in the EU Grazemore Project . Land Use Systems in Grassland Dominated Regions . Grassland Science in Europe

９ , ６５０‐６５２ .Hetta , M . , Norrsken‐Eriksson , M . , Persson , S . , Larsson , E . , Karlsson , L . , Alvarez‐Torre , N . , Eriksson H . &Martinsson , K . ( ２００５ ) . The Grazemore decision support system for grazing management of dairy cows . The XX
International G rassland Congress : Offered papers , p . ９０７ .
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Introduction Grazing systems are complex and requires good management to obtain a balance between high animal productionand efficient utilisation of the grass . The Grazemore Decision Support System ( DSS ) is a management tool to increase theutilisation of grazed grass in European dairy production ( Hetta et al . , ２００５ ) . The system enables simulations of the effects ofdifferent grazing strategies and climates on milk production and grass grow th . The aim of this study was to evaluate if the DSSis able to provide a schedule for rotation grazing of high yielding dairy cows with high utilisation of grazed grass in the north ofScandinavia .
Material and methods To evaluate Grazemore DSS ability to design a grazing schedule by user defined grazing rules , a grazingexperiment was performed during the summer ２００５ at the Forage Research Centre , Ume狈 , Sweden (６３°４５′ N ; ２０°１７′E ; １２ melevation) . The experiment run for six weeks and included forty dairy cows of the Swedish Red and White breed . The herd wasrotating between four paddocks with a total area of １１ .９ ha . The pastures consisted mainly of timothy ( Phleum p ratense L .)and meadow fescue ( Festuca p ratense L .) . The average supplementary feeding was ２ kg hay and ９ kg concentrate/ cow / day .During the experiment , the actual milk yield was recorded twice a week and grass samples were cut once a week to estimate theherbage mass .
Prior to the experiment simulations with the software were run to get a grazing schedule , called Grazing calendar １ , whichallocated the herd to the different paddocks . Due to practical conditions the grazing calendar １ was updated during theexperiment , which resulted in the Grazing calendar ２ . The difference between actual and predicted milk yield were analysedstatistically with a regression analysis and the mean square prediction error ( MSPE) was estimated .
Results and discussion Comparisons between the actual milk yield and the milk yield predicted by the Grazemore DSS ( Table １ )show that the model had a low prediction error of ５ and ６ percent respectively . Both the milk yield observed and the ability ofthe DSS to predict this value were satisfactory . The herbage mass during the experiment was higher than predicted by themodel resulting in a surplus of grass in the paddocks that was not utilised . The herbage grow th model in the Grazemore DSSand its ability to predict the herbage mass could be improved to provide a schedule that gives a higher utilisation of grazed
grass .

Table 1 Mean values o f actual milk yield (A ) and milk yield p redicted by the G razemore DSS ( P) in suggested G raz ing
calendar 1 and per f ormed G raz ing calendar 2

Calendar n Milk yield ( kg / cow /day)
A P Bias R２ 腚MSPE MPE Part of MSPE

Bias Line Random
１ `１３  ２９ Ё.９ ３０ ].８ ０  ．９ ０ 剟．２５ ２ Q．１ ０ 耨．０５ ０ Ё．３８ ０ ]．００ ０ k．６２

２ `１３  ２９ 悙．９ ３１ F．５ １  ．６ ０ 剟．４０ ３ Q．７ ０ 耨．０６ ０ Ё．７１ ０ ]．０１ ０ k．２８

n ＝ Number of observations , MSPE ＝ Mean square prediction error , MPE ＝ Mean prediction error

Conclusion Grazemore DSS has a good ability to predict milk yield and has potential to be a helpful tool for optimising grassutilisation in dairy production .
ReferenceHetta , M . , Norrsken‐Eriksson , M . , Persson , S . , Larsson , E . , Karlsson , L . , Alvarez‐Torre , N . , Eriksson H . &Martinsson , K . ( ２００５ ) . The Grazemore decision support system for grazing management of dairy cows . The XX
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Introduction Grazemore DSS is a decision support system ( DSS ) developed to improve the use of grazed grass in dairy
production in Europe ( Hetta et al . , ２００５) . The software consists of a herbage grow th model ( HGM ) and an herbage intakemodel ( HIM ) . The HGM predicts daily herbage grow th ( Barrett , Laidlaw & Mayne , ２００４ ) and thereaf ter the DSS predictscrude protein ( CP) and organic matter digestibility ( OMD) of the herbage . Based on the information on herbage mass and
quality of the grass the HIM predicts milk production , herbage intake as daily averages for the herd during the residence time ineach paddock (Delagarde et al . , ２００４) . The aim of this study was to examine if the predictions of the herbage quality of thesof tware Grazemore DSS gives a reliable ground for grass based dairy production in the north of Scandinavia .
Materials and methods Herbage was cut weekly in paddocks of two dairy farms utilising the Grazemore DSS . In ２００４ and ２００５samples were taken at farm ( A ) the Forage Research Centre Ume狈 , Sweden (６３°４５′N ; ２０°１７′E ; １２ m elevation) and in farm Bon a commercial organic farm (B) Nordingr狈 , Sweden (６２°５２′N ; １８°２９′E ; ２０ m elevation) . In ２００５ samples were only takenon farm A . Herbage mass ( HM ) at sampling was determined by cutting several plots (０ .９ m２ ) per paddock and weighing theharvested grass prior to dry matter determination . The samples from both farms collected in ２００４ were analysed for crude
protein ( CP) determined with the Dumas method and organic matter digestibility ( OMD) were determined in v itro . The resultsform the estimations of HM and analysis of the quality of the herbage samples were compared with the predicted values of theDSS with regression analysis and the mean square prediction errors ( MSPE) were estimated . Thereafter simulations were runto evaluate if the predictions of milk yield ( MY) by the HIM improved when the values of OMD , CP and HM predicted by theDSS were replaced with the results of the cuts and the analysis of herbage .
Results and discussion The concentration of CP in the herbage was underestimated by the DSS on both farms and the relationshipbetween actual and predicted values was poor , mean prediction error ( MPE) was ２４％ and ３１％ respectively . The OMD of theherbage was slightly overestimated , but there were a significant relationship between the analysed and the predicted values andboth farms had a MPE at ７％ . The model gave underestimations of the HM in farm A in both in both ２００４ and ２００５ , while themass was overestimated for farm B in ２００４ . The relationship was statistically significant ( p ＜ ０畅０５ ) on both farms in ２００４ ,but no significance was found for farm A in ２００５ . At farm A , the major part of the MSPE was due to bias for CP , OMD andHM . This might be corrected by adjustments in the model . At farm B , the major part of the MSPE was due to random for CPand OMD , and in line and random for HM . The relationship between measured and predicted MY with input from HGM wasstronger then when the actual recordings of HM and herbage quality were used . Though , the MPE was relatively low , ６％ ,when using predicted input and MPE was １６％ the MSPE was mostly due to bias .
Conclusion The Grazemore DSS has a good potential to predict OMD and HM in paddocks in the north of Scandinavia , but ittakes further development to make predictions of CP more reliable .
ReferencesBarrett . , P .D . , Laidlaw , A .S & Mayne , C .S . ( ２００４ ) . Development of a European herbage grow th model ( The EUGrazemore Project) . Land Use Systems in Grassland Dominated Regions . Grassland Science in Europe ９ , ６３５‐６５５ .Delagarde , R . , Faverdin , P . , Baratte , C . , Bailhache , M . & Peyraud , J .L . ( ２００４) . The herbage intake model for grazingdairy cows in the EU Grazemore Project . Land Use Systems in Grassland Dominated Regions . Grassland Science in Europe
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Introduction Net primary production ( NPP) is a key component of the terrestrial carbon cycle , and it is defined as the rate atwhich an ecosystem accumulates energy or biomass , excluding the energy it uses for the process of respiration . The CASA
( Carnegie‐Ames‐Stanford Approach) model is a typical and extensive model of ecosystem NPP based on light use efficiency( Potter et al . , １９９３ ) , but the classic CASA model has some weaknesses , such as the estimation of maximum light useefficiency (εmax ) , impact to NPP from vegetation classification accuracy , and parameter calculation of the soil water model .Thus , this study used the improved CASA model ( Zhu et al . , ２００６) to simulate NPP .
Materials and methods Xilinhot , Inner Mongolia was selected as the study region because it represents the most typicaltemperate steppe in north China . １９９１ , ２０００ and ２００５ TM /ETM images for the research region were attained by false colorcomposition , mosaic , geometric rectification , and resampling of gray values , followed by transformation into Albers projectionin ERDAS software . The spatial resolution of three images was ３０m × ３０m . Following image processing , NPP ( gC 爛 m － ２ ) wascomputed as the amount of photosynthetically active radiation absorbed by green vegetation ( APAR) ( MJ 爛 m － ２ ) multiplied bythe actual light use efficiency (ε) ( gC 爛 MJ － １ ) by which the radiation is converted to plant biomass increment :
NPP( x , t) ＝ APAR( x , t) × ε( x , t) 　 　 　 (１ )
where x is a pixel in a remote sensing image , and t is the period that NPP is cumulated , such as a month . The technology flowchart for APAR and ε are provided by Zhu et al . (２００６) . In addition ,thirty‐two samples in the study area were selected to testthe result of CASA . The error was evaluated by linear regression model in SPSS , and was found to be acceptable ( R２

＝ ０ .３７５ ,
p ＜ ０ .０５) .
Results and discussion NPP was found to be in good condition in １９９１ . In ２０００ , in the southern and southeastern part ofXilinhot there was a small quantity of good vegetation , while in the mid‐western and northwestern region there was poorvegetation mostly distributed in large areas . In ２００５ , there were sparse , scattered areas of good vegetation while poor conditionsoccupied the main part of central and northwestern Xilinhot , although the area was smaller than that in ２０００ ( Figure １) .

Figure 1 NPP o f X inlinhot in 1991 , 2000 , 2005 .

Summary and conclusions This study used the improved CASA model to simulate regional NPP in the short grassland ( typicalsteppe) region of Xilinhot . Image analysis and NPP calculation showed that the ecosystem has been in poor condition over the
past decade . Continued degradation will continue unless grazing activities are changed . Remote sensing techniques are effectivetools for detecting changes in the regional ecological conditions .
Acknowledgement This work was supported by the National Natural Science Foundation of China ( Grant No . ３０６７０３９８ ) andTrans‐Century Training Programme Foundation for the Talents by the State Education Commission (Grant No . NCET‐０４‐０１４９) .
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Cycle , ７ , ８１１‐８４１ .Zhu , W .Q . , Pan , Y .Z . , He , H . , Yu , D .Y . , and Hu , H .B . , (２００６) . Simulation of maximum light use efficiency for sometypical vegetation types in China . Chinese Science Bulletin ５１(４) : ４５７‐４６３ .
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A new computer program for the calculation of pasture carrying capacity
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Introduction The calculation of pasture carrying capacity is essential to the sustainable management . Several methods can beused for the calculation in farms or small territories , mainly : visual comparison , biomass esteem , biomass measurement ,analysis of botanical composition ( Pastoral Value : Daget & Poissonet , １９７２ ) and integration of botanical composition andbiomass measurement ( Ponderal Contribution : Pardini et al . , ２０００ ) . Moreover some parameters can be taken intoconsideration to improve the quality of the results , these are related to physical environment ( slope , orientation) and to thelivestock group ( cattle , sheep , goat , wild grazers , wild browsers ) , but this results in complex calculations . A computer
program has been designed to elaborate data of specific contribution , biomass measurements , palatability to different livestockgroups , productivity in different climatic areas , and average quality of the forage species . The program offers ５ methods ofcalculation : visual esteem , herbage height , biomass , botanical composition , integration of biomass measurement and analysisof botanical composition ( Pardini et al . , ２００７) .
Materials and methods The computer program has been developed by an Italian company that worked in association with theUniversity of Florence ( Italy ) and the University of Santiago de Compostela ( Spain ) . The program offers five methods ofcalculation : visual comparison , average pasture height , biomass , botanical analysis ( Pastoral Value) , integration of biomassand botanical analysis ( Ponderal Contribution) . A data base on productivity , palatability and chemical composition and eventual
presence of toxic compounds in ２ ,０００ plant species of pastures and rangelands has been assembled from former research of theauthors and collecting data available on literature . The data base contains data of species from temperate , Mediterranean andtropical‐subtropical climates . Results got by the five methods have been compared also with separate fraction weighing that isthe most precise but also a very long field method known .
Results and discussion The program design offers a home page with links to the five methods . Once chosen the method , inputsare requested . The number and types of inputs depends on the chosen method . However , they are all easily available for thefarmer , being the most complex the botanical composition . The comparison of results suggests that the visual comparison andbiomass height methods should be considered just orientative . The pastoral value method is not very reliable as it calculatesbiomass availability on the base of productivity indexes and introduces subjective conversion indices to calculate the carryingcapacity . Also the biomass method is orientative as it cannot consider the quality of pasture , however , it is fast and easy to useand can be useful for gross calculations . The Ponderal Contribution method is scientifically more reliable than the other four andat the same time sufficiently speditive and practical for farmers .
Conclusions Ranger ３ .０ program is able to manage complex calculations on pasture and rangeland carrying capacity , it is aversatile tool as the data base can be increased by any farmer and the current botanical composition and the actual biomassavailability are considered . Consequently it is more reliable for farm assessments than methods based on aerial or satellite
pictures . The program is w ritten in Italian , Spanish and English .
ReferencesDaget PH . , Poissonet J . , ( １９７２) . Un procedé d摧estimationde la valeur pastorale des paturages . Forrages , ４９ .Pardini A . , Lombardi P . , Longhi F . , Ongaro L . , ( ２０００ ) . Animal stocking rate in tropical and subtropical rangeland . I ,pastoral value of forage species . Florence ( I) , J . A gr . Env . Int . Develop . , ４ .Pardini A . , Longhi F . , Mosquera Losada M .R . , Rigueiro Rodriguez A . , Cannone F . , Vannuccini F . , (２００７) . Ranger ３ .０ .Computer program CD‐Rom , Europlanet Informatica Ltd , Florence ( I) .
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Gradients of functionality of Australian rangeland landscapes :Assessing changes over time with
remote sensing
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Introduction Unlike Australia摧s temperate ecosystems , the tropical savanna landscapes are in relatively unmodified condition .Disturbances such as fire , logging / thinning and grazing occur within these landscapes and can be both temporally and spatiallyvariable , increasing landscape heterogeneity but rarely resulting in well‐defined patch boundaries . Instead the tree stratum andunderlying grassy ground layer varies continuously at the local‐scale . T raditional models for analysis of heterogeneity inlandscape structure and relevant functionality for fauna species have depicted landscapes as static arrays of vegetation patcheswith discrete boundaries between habitat and matrix patches . However , many rangeland and savanna landscapes with gradualspatial and temporal variation in structure do not fit this model .
Many species require more than one type of habitat during different life stages or for different functions such as foraging ornesting . Thus , to gain an understanding of change in ecological function with change in landscape structure it is important torecognise the ecological value of a variety of landscape components , and their changes over time . Few previous studies haveconsidered these varying requirements .
This work aims to provide quantitative and continuous measures of habitat quality of relevance to fauna in a tropical savannalandscape . In addition this work will investigate how these measures of habitat quality vary over time by looking at time seriesof remote sensing imagery , and measure how important temporal changes are for biodiversity .
Materials and methods This study is based in the Desert Uplands bioregion of Queensland , Australia . The Desert Uplands aretropical savannas characterised by open eucalypt and acacia woodlands with grassy understory occurring on alluvial sand andclay soils and flat sand and earth plains . The region experiences a highly variable summer dominant rainfall varying between
３５０‐６００mm annually . Taking advantage of remote sensing technology , we map and model changes in amount and spatialconfiguration of different habitat elements from a time series of Landsat imagery . An object‐oriented approach within thesof tware Definiens Professional ５ .０ allows identification of key habitat elements within the imagery , in particular grass coverand tree cover followed by classification of the imagery into cover maps . Using spatial filters within ArcGIS we createcontinuous surfaces of the vegetation elements , and include information on water availability as a relevant habitat element .Generalised linear modelling and information theoretic approaches are used to describe the relative importance each of thehabitat variables for the diversity , presence and abundance of a variety of small mammals , reptiles and birds . Habitat variablesare weighted and combined to create a continuous surface measuring overall habitat quality for each image in the time‐series .Further modelling establishes the relationship between the temporal variation in habitat quality and the diversity and abundanceof fauna .
Results and discussion This work establishes a quantitative relationship between continuous spatial variation of habitat elementsand the diversity and abundance of fauna . Our results show that there is much variation in the response of individual species tothe variation in spatial structure of different habitat elements . Weighting and combining the habitat elements by relativeimportance results in a continuous surface of overall habitat quality . This model remains ecologically relevant as the newmeasures can explain a significant proportion of spatial variation in abundance of individual species and diversity of species .Temporal variation in landscape function , which is often ignored due to time and resource constraints , is also of importance .Significant temporal variation in species diversity and abundance occurs and is well‐explained by our model of variation in habitat
quality .
Conclusions Using remote sensing technology and time series data allowed us to successfully describe how landscape function canvary across a spatial continuum and through time . The approach used in this study was ecologically relevant as it took intoaccount the different habitat requirements of a variety of species , instead of assuming a generic response to landscape structurecovering multiple species . This study was also able to take into account temporal variation in landscape structure and functionwhich is a common shortcoming of most studies of the influence of landscape structure and composition on fauna . Of particularrelevance to savanna ecosystems is the ability to quantitatively measure continuums in habitat structure since these landscapesrarely exhibit distinct boundaries between vegetation cover types , nor are the fauna limited to one vegetation type .
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Application of forage monitoring technology to track drought occurrences : Experiences from
Eastern Africa
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Introduction Increasing frequency of drought occurrences is threatening livelihoods of pastoral communities in eastern Africa .Chances of drought occurring in parts of the Greater Horn of Africa have increased from a probability of one in six years to onein three years for areas affected . With the declining capacity of traditional coping mechanisms , new innovations are required formonitoring and communicating the emergence of drought conditions in good time . Rainfall and forage availability are earlyindicators of drought . The Livestock Early Warning System ( LEWS ) project has developed a forage monitoring system toassess emerging forage supply as an indicator of drought in Eastern Africa region . T racking forage availability and havingability to predict the future forage conditions are useful tools that can be used to put in place contingency measures aimed atmitigating the emerging drought conditions .
Materials and methods The automated LEWS system is derived from a combination of biophysical models , informationcommunication technologies and spatial analysis tools to monitor the standing crop of forage available to grazing animals using
geo‐referenced sites ( Stuth et al . , ２００５ ) . The model output is compiled for each dekad and processed to produce spatially‐explicit forage maps . Ground verification of accuracy of maps is carried out by clipping vegetation at the monitoring points andcomparing with model results .
Results The LEWS forage monitoring system generates site products which includes standing crop ( kg / ha) , percent foragedeviations and ３０ , ６０ and ９０‐day forage forecasts ( http :/ / glews .tamu .edu/ africa) . Decadal forage map complements the pointbased data . Forecasts are updated monthly and advisories are constructed from the resulting analysis for multiple levels ofdecision making . Between ２００１ and ２００６ , available forage and weather data showed that the LEWS model tracked the foragesituation on the ground very well . The forecasts issued in September ２００５ before the expected November‐December short rains ,had warned of emerging forage scarcity and subsequently deteriorating animal condition . This forecast tracked very well withthe realized rainfall and forage conditions . The areas forecasted to have severe forage deviations ( drought ) were in northern ,southern and parts of coastal Kenya ; southern and northern Ethiopia ; and parts of northern Tanzania . The drought haddevastating effects on pastoral livelihoods following substantial livestock mortalities from November ２００５ through March ２００６ .In Kenya , average livestock mortality was １６ .２％ for cattle , １２ .５％ for goats , ２０ .５％ for sheep and １１ .４％ for camels inaffected areas . In Tanzania , livestock mortalities were １ .７％ for cattle , １ .４％ for goats and ３ .８％ for sheep . When thedrought ended in April ２００６ , availability of water , pasture and browse improved markedly , but pastoral food security remained
precarious . During the drought cattle prices in all markets decreased significantly ( http :/ / links .tamu .edu ; LINKS , ２００６ ) .Due to the weakening pastoralists摧 terms of trade for cereals , malnutrition rates rose among the chronically food insecure
population . This scenario strengthens the case for providing timely flow of early warning information to livestock producers toguide making better decisions to move and market livestock during both normal and distress periods , so as to minimize the riskof having their livelihood assets decimated .
Conclusions The aim of the LEWS system is to offer decision makers sufficient lead time to make rational decisions and if usedin a timely way , could enhance capacity to respond to threats of droughts . Efforts are being made to strengthen the use of earlywarning information and broaden the coverage of dissemination particularly among pastoral communities to enhance theircapacity to plan for and respond appropriately to emerging drought conditions .
Acknowledgement The LEWS project is most grateful to the United States Agency for International Development for fundingthis research through the Global Livestock Collaborative Research Support Program . Special thanks go to all the institutionsand individuals who participated in this work .
ReferencesStuth , J . , Angerer , J . , Kaitho , R . , Jama , A . , Marambii , R . , ( ２００５ ) . Livestock Early Warning System for AfricaRangelands . In : Boken V . A gricultural Drought Monitoring Strategies : A Global Study . Oxford Press . Oxford , UK .
２８３‐２９４ .Livestock Information Network and Knowledge System ( LINKS) , (２００６) . Kenya Situation Report , February ２００６ .
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Comparison of management effects on rangelands in western USA and Northern Mongolia using
remote sensing and GIS
Temuulen Tsagaan Sankey , K eith Weber , and Corey Mo f f et

Introduction Different cultures can have distinct effects on rangeland ecosystems through contrasting grazing management ,
policies , paradigms , traditions , and values . We are studying rangelands of the Darkhad Valley in northern Mongolia andrangelands of Intermountain Western Idaho , USA , using remote sensing , GPS , and GIS tools , to determine the effects ofcontrasting grazing management systems in biophysically‐similar environments with similar growing seasons , precipitation , andtemperature regimes . The Darkhad Valley rangelands are grazed at ３ .３‐５ .９ AUM / ha by multiple livestock species of cattle ,
yaks , horses , sheep , and goats owned by nomadic herders , who migrate on seasonal basis . In contrast , the Idaho rangelandsare grazed at much lower stocking rates of ＜ ０畅６２AUM / ha by sheep only and managed by the U .S . Department of Agriculture‐Agricultural Research Service , U .S . Sheep Experiment Station ( USSES ) . We present results from the first year of a ３‐yearstudy .
Materials and methods In the field , total plant biomass and percent cover of shrub and herbaceous plants , litter , and bare
ground were estimated at １００ random locations during the peak of the growing season in ２００７ at both sites for imageclassification training and validation . Normalized Difference Vegetation Index ( NDVI) was calculated using SPOT imagery andcompared between the two sites . Spectral unmixing analyses were performed with SPOT and Landsat imagery to estimate andcompare sub‐pixel percent cover of shrub , herbaceous plants , and bare ground . In addition to the direct comparisons betweensites , we compared the similarity index from each site , which was based on ecological site descriptions and site potential . Thesimilarity index was estimated by calculating the difference in biomass production between the site and its reference site that isbelieved to have the historic climax plant community .
Results and discussion SPOT image analysis indicated that NDVI values estimated in the Darkhad Valley [ mean ＝ ０畅１９ ( ± ０ .
０６SD) ] were significantly greater ( p ＝ ０ .００２ ) compared to those at the USSES [ mean ＝ ０ .１５ ( ± ０畅１０SD) ] , which might bedue to the high percent cover of herbaceous species in the Darkhad Valley , high percent cover of less spectrally determinablesagebrush species and the drought year at the USSES ( Figure １ ) . However , total plant biomass clipped in the field at theUSSES was significantly greater [ p ＝ ０ .０３９) compared to the biomass measured in the Darkhad Valley ( mean ＝ １９３ gr /m２

（ ±

２２SE) and mean ＝ １４３ gr /m２
（ ± ４SE) , respectively ] , possibly due to the greater stocking rate in the Darkhad Valley . Thesimilarity index comparison indicated that the Darkhad Valley values were significantly greater ( p ＝ ０ .０５ ) than the USSESvalues [ mean ＝ ０ .３８ ( ± ０ .０１SE) and mean ＝ ０ .３０ ( ± ０ .０３SE) , respectively ] . This suggests that the Darkhad Valley is closerto its reference site biomass production compared to the USSES . This is particularly interesting given the high stocking rates inthe Darkhad Valley , which are not recommended or used on USA public grazing lands and are commonly believed to beunsustainable for rangeland productivity .

　 　 Figure 1 Comparisons between di f f erent cover ty pes at the
two study sites .

Conclusions Our results from the first year of observation reveal interesting contrasts and comparisons between two sites withfundamentally different grazing management systems . In the summer ２００７ , the heavily‐grazed Mongolia site had no shrubs andlesser bare ground , but greater percent cover of herbaceous species , which resulted in greater NDVI and similarity indexvalues . In comparison , the Intermountain Western USA site had more equally‐distributed cover of shrubs and herbaceousspecies , and bare ground . Our future work will focus on identifying other factors that might affect observed differences inaddition to grazing management .
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Monitoring cattle utilization and behavior in a Mediterranean oak woodland
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Introduction The sustainable utilization of woodlands by cattle is a serious challenge world‐wide . The domination by woodyvegetation of poor nutritional quality and the low yield of herbaceous vegetation limit cattle performance ( Perevolotsky １９９４ ) .Shortages of alternative grazing areas in Israel necessitate finding an optimal grazing management for the woodlands that , on theone hand , will improve cattle performance and , on the other hand , will create an open , parkland landscape and decrease firehazards ( Perevolotsky and Seligman １９９８ ; Henkin et al . ２００５ ) . Recent methodological developments have greatly improvedour ability to study animal performance and rangeland utilization . This research integrates these approaches to study thebehavior and physiology of cattle in woodland habitats .
Materials and methods The experiment was conducted in the Western Galilee , Israel ( long . ３５°１５′ , lat . ３３°０１′ , alt . ２００‐５００m a .s .l .) .The vegetation is dominated by scrub‐oak woodland ( Quercus callip rinos Webb .) , interspersed with bathavegetation and patches of herbaceous vegetation which is green ４‐５ months a year . The area was classified into six vegetationtypes using aerial photography and ERDAS imaging , which were verified at the landscape level and then represented as a digitalGIS map . The nutritional value of herbaceous and woody species was determined for the winter ( December) , spring ( March)and summer ( July ) seasons . In each of these seasons Lotek GPS collars with activity sensors and Polar heart rate sensors werefitted on six cows in order to monitor their spatial distribution , activity and heart rate . The activity sensors were calibrated andactivity was classified as graze , walk , or rest ( Ungar et al . ２００５) . Energy expenditure was calculated using the heart rate andoxygen pulse method (Brosh et al . ２００７) .
Results Cattle spatial distribution was related to the different types of vegetation . During the winter and spring growing seasonscattle grazed in the open brush area which was rich in herbaceous species . In the summer , when the herbaceous species weredry , cattle spent more time in the tree vegetation type . No seasonal differences were found in the overall time devoted to eachactivity ; animals spent ４６ .０ ± １ .２ , ５２ .５ ± １ .５ , and １ .５ ± ０ .５ percent of the day resting , grazing and walking , respectively .However , there were seasonal variations in the diurnal pattern of activity . Changes in activity over the course of the day werereflected clearly in the heart rate pattern . Daily energy expenditure varied according to reproductive state and the availabilityand quality of the forage , being ６８６ , ５９４ , and ５２５ kJ per kilogram metabolic body weight per day in March , December , andJuly , respectively .
Conclusions The applied methodologies provided a reliable tool for monitoring changes in cattle behavior and physiology even ina dense woodland formation . Vegetation structure and seasonal conditions determined the behavioral dynamics of free‐rangingcattle in the Mediterranean oak woodland . Although cattle are naturally grazers , they browsed the woody vegetation in thesummer when the quality of the herbaceous vegetation was low . Cow performance on the woodland range was comparable tothat of cows grazing herbaceous rangeland in the study region . Therefore it appears that in this system cattle grazing mayconstitute a sustainable management tool for conservation , and is worthy of longer‐term monitoring .
ReferencesBrosh , A . ( ２００７) . Heart rate measurements as an index of energy expenditure and energy balance in ruminants : A review .
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Monitoring grassland and dynamics in Mongolia
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Introduction Grasslands comprise ８０％ of Mongolia摧s １畅５６ km２ territory and provide forage resources for the dominant rural
pastoral livelihood . Recent change from a collective management system to private livestock ownership has shif ted local land usepatterns and increased concern about overgrazing with reports identifying over ７０％ of the land as degraded or desertified
( UNEP ２００２) . Degradation in this arid and semi‐arid plateau is a regional problem as northern China experiences expandingdesertification due to biophysical causes and human activities such as inappropriate livestock management ( Li et al . ２００６) . Asattention focuses on land cover change understanding steppe rangeland conditions and determining sustainable pasturemanagement requires knowledge of current vegetation dynamics . This paper looks at piosphere vegetation density and speciesrichness in the steppe and desert‐steppe region of Mongolia . Water points reflect the interaction between pastoralists ,livestock , and the environment and can identify land use patterns and potential degradation from overgrazing .
Methods Changes in vegetation coverage are an indicator of degradation ( Huang and Siegert ２００６ ) . This study investigated １１０piosphere sites in Ovorhangai and Omnogov provinces in central and southern Mongolia using the line‐transect method along a １km gradient to identify vegetation coverage and species richness around water points used by livestock . Multiple measurementswere taken at ２５ , ５０ , １００ , ２００ , ５００ , and １０００ meters and plant samples were collected at each site . SPOT‐４ satellite imagerywith １ km resolution was used to detect vegetation cover . NDVI values were then calculated for April through October , １９９８‐
２００６ at each site . These were correlated with field data to establish present and historical perspectives of land cover in the
provinces .
Results and discussion Results established low vegetation coverage and similar levels of species richness in the two regions . Bothsites showed declining vegetation density as distance increased from water points with lowest plant coverage recorded at ５００mand １０００m in sites . Average vegetation coverage at the ５５ Ovorhangai sites was １３％ at ２５m and decreased to ７ .８％ at １０００m
( r２ ＝ ０ .７８) whereas Omnogov showed lower density , declining from ４％ at ２５m to ２％ at １０００m ( r２ ＝ ０ .８６) . Species richnesswas variable , not showing strong correlation to vegetation density or to NDVI land cover values . A rtemisia was most commonin both sites , followed by A llium , Chenopodium , and Bassia in Ovorhangai and Potentilla , Caragana , and I ris in Omnogov .NDVI correlated with field data and reflected a decrease in land cover over ９ years . Values fluctuated within years , particularlyin the higher precipitation months of July , August , and September ( Ovorhangai — ２５％ ; Omnogov — ４２％ ) .
This study identifies limited pasture resources in the steppe and desert steppe zones that cover approximately half of Mongolia .Unlike the common pattern of sacrifice zones and intensified usage near piospheres identified in other dryland regions ( Adlerxcx ) this highlights the role of abiotic factors , such as precipitation and edaphic conditions , in area vegetation coverage andsuggests that overgrazing , of ten cited as a cause of local degradation and desertification , has less impact on piospheres inMongolia than other arid and semi‐arid regions . Millenia of low density pasture usage by Mongolia摧s traditional mobile herders
points to pastoralism as an effective management approach in an area with limited vegetation resources ( Fernandez‐Gimenez
２００１ ) . Local and regional debate can focus on the importance of variable environmental conditions rather than solely the role oflivestock in piosphere decline . Relevant management policies and development strategies , including targeted UNCCD goals andinternational assistance programs , can be appropriately designed to address humans within the environmental parameters inMongolia摧s steppe and desert steppe grasslands .
ReferencesAdler Fernandez‐Gimenez , M . ( ２００１ ) . The effects of livestock privatization on pastoral land use and land tenure in post‐socialist Mongolia . Nomadic Peop les . ５ (２) : ４９‐６６ .Huang , S . , Siegert , F . ( ２００６ ) . Land cover classification optimized to detect areas at risk of desertification in North Chinabased on SPOT VEGETATION imagery . Journal o f A rid Env ironments . ６７ : ３０８‐３２７ .Li , X . , Jia , X . , Dong , G . (２００６) . Influence of desertification on vegetation pattern variations in the cold semi‐arid grasslandsof Qinhai‐Tibet Plateau , North‐west China . Journal o f A rid Env ironments . ６４ : ５０５‐５２２ .UNEP (２００２) . Mongolia : state of the environment ２００２ . United Nations Env ironmental Program , Ulaan Bataar .
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Effect of spatial resolution on remotely‐sensed rangeland vegetation indices
J . Théau 倡 , T .T . Sankey , K .T . Weber , S . A hmed , and J . T ibbitts
G IS T raining and Research Center , Idaho State University , Pocatello , Idaho , 83209‐8104 , USA . E‐mail : sankteki＠ isu .
edu ,倡 Present address : Cemagre f‐UMR TET IS , Maison de la Télédétection , 34093 Montpellier , France .
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Introduction Rangeland ecosystems represent a major management concern for the future due to the threats caused by growinghuman population and loss of biodiversity . More information on the quality and quantity of vegetation is needed to assessrangeland ecosystems . Numerous remotely‐sensed vegetation indices ( VIs ) have been developed to detect and characterizevegetation with limited success in semi‐arid environments because of the challenge in detecting low levels of biomass and sparsevegetation cover ( Leprieur et al . , ２０００) . With the multiplication of image product availability , several studies have attemptedto characterize vegetation in arid and semi‐arid environments using VIs at different spatial scales and resolutions . However , theeffects of scale on remote sensing‐derived parameters are not well understood . The goal of this study was to analyze the effectsof spatial resolution on VIs in a semi‐arid environment .
Materials and methods The study area is located in sagebrush‐steppe rangelands of southeastern Idaho , USA . Several commonsatellite sensors used in arid and semi‐arid vegetation studies were selected and synchronous images were acquired ( target date :June ２６th ２００６ ) . For every image , NDVI , NRVI , SAVI , and MSAVI２ were calculated at nominal resolutions and thenaggregated at various levels of coarser spatial resolutions corresponding to the other images using an average function . Landcover types were stratified to compare the effects of scale over similar land cover types and to reduce variability . We selectedtwo land cover types : shrub/ grassland and cultivated crops/ hay in which analysis were performed separately . All statisticalanalysis used ５０ randomly selected pixel values . ( １ ) We compared each VI from the same sensors among four differentresolutions of QuickBird ( i .e . , ２ .５ , １０ , ２８ .５ , and ２５０ meters ) , three resolutions of SPOT５ HRG , and two resolutions ofLandsat ５ TM . (２ ) We compared each VI among QuickBird , SPOT５ HRG , Landsat５ TM , and MODIS sensors using theirnative resolutions . One‐way analysis of variance ( ANOVA) with all pair‐wise post‐hoc comparisons were performed .
Results The different scales of QuickBird , SPOT５ HRG , and Landsat５ TM were not significant as predictor variables and nostatistically significant differences were found in NDVI , NRVI , SAVI , and MSAVI２ values among different scales of the samesensors ( results not illustrated here) . However , the different sensors were significant as predictor variables and the post‐hoccomparisons indicated significant differences ( Figure １) .

Figure 1 Vegetation Indices (only MSAV I 2 is p resented here) comparison among sensors .

All VIs from both land cover types had significantly different values in most pair‐wise comparisons . In many cases , VI valueswere not significantly different only between Landsat５ TM and MODIS sensors . As an example , we present here the MSAVI２values from cultivated crop/ hay cover type and shrub/ grassland cover type , which were significantly different in all pair‐wisecomparisons except the comparison between Landsat５ TM and MODIS .
Conclusions Values of VIs are not significantly different when aggregated at different spatial resolutions indicating a potential formulti‐resolution comparability of VIs when derived from the same sensor . However , VI comparability between sensors isvariable . In shrub/ grassland land cover , Landsat５ TM and MODIS VIs values are comparable which suggests that thesessensors can be used together for direct comparisons or to replace one another . However , VIs from other sensors are notcomparable to one another and , therefore , direct comparisons are not recommended .
ReferenceLeprieur , C . , Kerr , Y .H . , Mastorchio , S . & J .C . Meunier ( ２０００ ) . Monitoring vegetation cover across semi‐arid regions :comparison of remote observations from various scales . International Journal o f Remote Sensing , ２１ , ２８１‐３００ .
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Rangeland sustainability modeling using soil exposure and soil moisture parameters
J . T ibbitts , K .T . Weber , J . Theau , and T .T . Sankey
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Introduction In semi‐arid rangelands such as the sagebrush‐steppe of southeastern Idaho , USA , the limiting factor for range
productivity is moisture , specifically soil moisture ( Thomas and Squires １９９１) . Furthermore , the degree of soil exposure is adriving indicator of rangeland health ( O摧Brien et al . ２００３) . Modeling rangeland sustainability then requires the use of reliablesoil moisture and soil exposure component models as the foundation for all subsequent work . The goal of this study was todevelop and assess these soil moisture and soil exposure component models using field observations and measurements coupledwith satellite remote sensing classification and geostatistical interpolation techniques .
Materials and methods The study area is located in the semi‐arid sagebrush‐steppe rangelands of southeastern Idaho , USA .Percent cover estimates and soil moisture measurements were acquired for １５０ stratified random sampling points using a point‐intercept method . SPOT５ satellite imagery ( acquired concurrent with field sampling ) was classified using Idrisi Andes softwareto produce a soil exposure component model using maximum likelihood classification . To be considered a bare ground presencetraining site , the field sample had to contain ＞ ５０％ bare soil exposure . ArcGIS ９ .２ Geostatistical Analyst was used to producethe soil moisture component model using ordinary kriging interpolation .
Results The bare soil component model achieved ７１ .２８％ overall accuracy with Kappa index of agreement of ０ .３２４６ . The soilmoisture model ( Figure １) cross validation statistics are summarized in Table １ .
Table 1 Error matrix f or the bare soil ex posure model developed
using max imum likelihood classi f ication .

Bare soilExposure
≥ ５０％

Bare SoilExposure
＜ ５０％

Total UserAccuracy CommissionError
Bare soilExposure
≥ ５０％

１５ <１７ 蝌３２ |０ }.４６８７ ０ _.５３１３
Bare SoilExposure
＜ ５０％

１０ <５２ 蝌６２ |０ }.８３８７ ０ _.１６１３
Total ２５ <６９ 蝌９４ |

Producer摧sAccuracy ０ 膊.６０００ ０ h.７５３６ ０ }.７１２８( OverallAccuracy)
OmissionError ０ 膊.４０００ ０ h.２４６４ ０ _.２８７２( OverallError)

Table 2 Cross validation statistics o f soil moisture
model developed using ordinary kriging .
Mean Error ‐０ 殮.００７９３
Mean Standardized Error ‐０ 殮.００３８８８
Root‐Mean‐Square Error ０ {.８２５９
Error Regression ０ {.６６５
Average Standard Error ０ {.７６８２
Root‐Mean‐Square Standardized Error １ {.１３４

Conclusions Results indicate that soil moisture can be estimated and modeled relatively accurately using ordinary kriging . Toaccurately model bare soil exposure ( ＞ ７０％ overall accuracy ) using maximum likelihood classification requires training siteswith relatively high amounts of bare soil exposure ( ＞ ５０％ ) . Maximum likelihood classification used to model bare soilexposure from satellite remote sensing images may not be the best classification method .
ReferencesO摧Brien , R .A . , C .M . Johnson , A .M . Wilson , and V .C . Elsbernd , ( ２００３) . Indicators of rangeland health and functionalityin the Intermountain West . Fort Collins , CO , USA : General Technical Report RMRS‐GTR‐１０４ , USDA , Rocky MountainResearch Station .Thomas , D .A . , and V .R . Squires , ( １９９１ ) . Available soil moisture as a basis for land capability assessment in semi aridregions . Plant Ecology ９１(１‐２) : １８３‐１８９ .
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Use of remote sensing satellite images to predict pasture biomass on Waikato dairy farms
C .D . W augh1 , D .A . Clark 1 , S .F . Petch1 , G . Mata2 , A . Edirisinghe2 , Z . W ard3
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Introduction Efficient pasture management is a key component of profitable dairy farming in New Zealand ( NZ ) , yet feedbudgeting is only used on about ２０％ of dairy farms ( Clark et al . , ２００６) . Current methods of pasture biomass assessment byNZ dairy farmers using visual assessment , rising plate meter ( RPM ) , pasture probe or rapid pasture meter are time‐consuming . Satellite images can save time and labour by rapidly providing individual paddock yields to assist managementdecisions . Remote sensing by satellite images relies on the fact that different levels of plant biomass differentially reflect red andnear infra‐red ( NIR) electromagnetic radiation . This information is used to calculate an index of plant greenness or�NormalisedDifference Vegetation Index摧 ( NDVI ) . The relationship between NDVI and pasture biomass allows pasture biomass to bepredicted at the paddock or regional scale ( Mata et al . , ２００７ ) . Fonterra and Dairy InSight contracted CSIRO and Dexcel toinvestigate this technology for use in NZ dairying , aiming for real‐time delivery of paddock covers to farmers . The project isnow in its third year , with further validation of the model continuing along with pilot delivery of satellite‐derived estimates of
pasture biomass to farmers involved in the project .
Materials and methods From August ２００５ to December ２００６ , ２２ images were sampled with pasture biomass data collected from
１１ Waikato dairy farms (８ commercial , ２ research , １ corporate) of flat contour ( ＜ １０° slope) , for calibration and validation ofthe relationship between satellite‐derived NDVI and field estimated pasture biomass ( Mata et al . , ２００７ ) . Further validationand pilot delivery began in June ２００７ , w ith ３ more commercial farms and １ research farm added to increase the number of cloud‐free farms available to sample and to add more contour . A further ７ images were sampled from July to November ２００７ withsatellite predicted pasture biomass delivered to farmers for ２ of these images . Data collection was focussed on the winter‐springperiod ( June to December) , where pasture management to match feed supply with demand and maintain feed quality is criticalin New Zealand dairy systems .
Paddock average pasture biomass values were collected using a RPM according to recommended industry practice ( minimum of
５０‐８０ readings per paddock) , Thomson et al . , １９９７ . Satellite images acquired from SPOT‐４ ( pixel size ２０m) and SPOT‐５( pixel size １０m ) satellites ( www .spotimage . f r ) were processed using standard remote sensing procedures . A model wasdeveloped using the ground measurements of pasture biomass and satellite‐derived NDVI at the pixel level to enable pasturebiomass predictions from the satellite imagery ( Mata et al . , ２００７) .
Results and discussion Validation studies from data collected in Year ２ ( Mata et al . , ２００７ ) showed satellite estimates ofpaddock‐average pasture biomass were highly correlated with RPM biomass estimates collected on the same day as imageacquisition , with combined data giving a １０％ error , or ２６０ kg DM / ha for a pasture biomass range of １５００ to ３４００ kg DM /ha .This compares well with other NZ and Australian estimated errors of pasture biomass , using the RPM , of ３１１‐６１０ kg DM /ha .However validation of the algorithm during ２００７‐２００８ has revealed that between ２０％ and ３０％ of the data may exceed theselimits and options for addressing issues are being considered .
Cloud‐cover remains a constraint to obtaining weekly images , with up to ３ weeks between clear images obtained in lateSeptember and November ２００７ . Pasture grow th modelling using interpolated weather data is being investigated to overcomethis and may be used alongside satellite estimates to enable weekly data delivery . Long‐term , radar satellite technology , whichis not affected by cloud‐cover , may prove to be a useful tool to link with . Other satellites may also provide more frequentcoverage .
Delivery of reliable pasture biomass estimates at low cost would allow farmers to use the data in weekly feed budgets , orprovide them with a feed wedge to help make management decisions .
ReferencesClark , D .A . , Litherland , A . , Mata , G . & R . Burling‐Claridge (２００６) . Pasture Monitoring from Space . In : Proceedings o f

the South Island Dairy Event , １０８‐１０３ .Mata , G . , Clark , D .A . , Edirisinghe , A . , Waugh , D . , Minne , E . , & S . G . Gherardi (２００７ ) . Predicting accurate paddock‐average pasture cover in Waikato dairy farms using satellite images . Proceedings o f New Zealand G rassland A ssociation ,
６９ , ２３‐２８ .

Thomson , N .A . , McCallum , D .A . , Howse , S . , Holmes , C .W . , Matthews , P .N .P , & C . Matthew (１９９７ ) . Estimationof dairy pastures the need for standardisation . Proceedings o f New Zealand Grassland A ssociation , ５９ ,２２１‐２２５ .
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Monitoring natural pasture status in Uruguay using satellite images and a soil water balance
model
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Introduction Cattle beef production in natural grasslands is the dominant agricultural production system in Uruguay . Monitoringand information about the current status of natural pastures is very important for planning and decision making at farm and
government level , to prevent cattle beef production losses . INIA , jointly with other national and international institutions , hasbeen developing an Information and Decision Support System ( IDSS) for monitoring the status of natural pastures in Uruguay .The IDSS is based on tools like remote sensing , Geographic Information Systems and models .
Objectives The main objective of the IDSS is to offer almost real time information about the natural pasture status and the soilwater content in natural grasslands areas to support Government and cattle beef producers planning and decision making . Thecurrent IDSS is based on two main components : １ ) the Normalized Difference Vegetation Index ( NDVI) estimated with datacoming from the Advanced Very High Resolution Radiometer ( AVHRR) sensor , installed in NOAA satellites , and ２ ) a SoilWater Balance ( SWB) model for Uruguayan soils .
Methodology AVHRR‐NDVI satellite data is supplied by the Climate and Water Institute from the Argentinean AgricultureResearch Institute . The NDVI is a normalized ratio of the red ( R ＝ ０ .５８‐０ .６８ mm) and near infrared ( NIR ＝ ０ .７２５‐１ .１ mm)spectral wavelengths . Monthly or １０‐day maximum values of AVHRR‐NDVI are estimated from daily data collected throughoutthe year . Monthly or １０‐day NDVI imagery creates a relatively cloud‐f ree data set by choosing NDVI pixels from days whenradiance interference is lowest and sun angle is highest with the assumption that the selected pixel is most representative ofactual ground reflectance ( Holben , １９８６ ) . Also , monthly NDVI anomaly imagery is created based on historic NDVI imagerydata set .
The other tool used in the IDSS is the�Water Balance Model for Soils of Uruguay" developed by the INIA‐GRAS , Unit jointlywith the Water and Soils Department of the MGAP , and the National Direction of Meteorology of Uruguay . The modelestimates the soil water content by integrating the water precipitation data from ８５ climate stations , the atmospheric potentialwater demand , the vegetation transpiration , and the water holding capacity of each soil type . This model runs daily and
generates ten‐day and monthly means outputs in map format of : water runoff ( mm) , and soil water content ( mm and％ ) .
Results Monthly and １０‐day data and maps of NDVI and SWB are located and continuously updated in the GRAS Unit web sitehttp :/ / www .inia .org .uy / gras . A monthly agro‐climate report , including NDVI and SWB information , is also published in theGRAS Unit web site and sent by email to more than １０ ,０００ users .

　 Figure 1 NDV I ( Feb‐2005) .

Figure 2 Soil w ater content (mm)
(Feb‐2005) .

Conclusions NDVI and SWB componentsof the IDSS used in an integrated way ,have demonstrated to be a powerful toolto monitor natural pasture status , mainlythrough alerting drought situations
( Figure １ and ２ ) . In these conditions ,drought affected areas have been detectedby both indices , but usually the SWBshowed them earlier than the NDVI ,
probably due to the delayed response ofplants to the water deficit .
ReferencesHolben , B . N . , ( １９８６ ) ,Characteristics of maximum‐valuecomposite images from temporalAVHRR data . International

Journal o f Remote Sensing , ７ ,
１４１７‐１４３４ .Thornthwaite C .W . y Mather J .R .�Instructions and tables for computing potential evapotranspiration and the water balance ."
Publ . in Climatology , １０ :１８１‐３１１ , １９５７ .
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Patch selection by cattle can be quantified using satellite imagery and GPS in extensive , semi‐arid
savannas
Chris Holloway 1 , 2 , Peter O摧Reagain1 , N igel Tomkins 3
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Introduction Patch selection by grazing animals is difficult to quantify , particularly in large , extensive paddocks like those innorthern Australia . However , advances in high resolution satellite imagery now allow identification of patch types over anentire paddock which combined with GPS collars to capture positional data , can give an accurate and comprehensive picture oflandscape use by cattle .
Material and methods The study was conducted on an established grazing trial near Charters Towers , northern Australia( O摧Reagain et al . ２００７) . Average rainfall is ６５０mm , and the vegetation is an open savanna) Thirteen patch types ( Table １ )were identified at every １m pixel across the site using IKONOS high resolution satellite images for Dec ２００５ and Feb ２００６ .Archival GPS collars were fitted to ６ cattle in each of two replicates of the heavy ( HSR) and light ( LSR) stocked treatments( paddock size ; １００ ha) from c . January to March ２００５ and positional data collected hourly . Data from the two animals with themost fixes per treatment was used in the analysis ( GPS methodology follows Tomkins and O摧Reagian ２００７ ) . Animal activitywas classified into a grazing or resting phase . Jacob摧s index of selectivity was used to determine patch type selection .
Table 1 Patch ty pes and their p roportion w ithin each treatment .
Patch type HSR％ LSR％
２P : Perennial , palatable and/or productive grasses ２ ┅.７ ２ 谮.６
３P : Perennial palatable productive (３P) grasses Bothriochloa sp p １４ 览.６ ２９  .４
An : Annual grasses ９ ┅.７ １０  .１
Ar : A ristida sp p . , Unpalatable perennial wiregrass １１ 览.３ ８ 谮.３
Ba : Bare ground ５ ┅.４ ２ 谮.２
Ch : Chrysopogon f allax : a , perennial palatable grass of low bulk １０ 览.８ ９ 谮.４
Car : Carissa ov ata‐A spiny encroaching shrub ２０ 览.２ １５  .７
Eri : Eriachne spp , unpalatable , perennial grass , ９ ┅.１ ７ 谮.３
Eri/ Het : Eriachne with moderate proportion of the ３P grass H . contortus ２ ┅.１ ０ 谮.９
M An : Annuals on ( ?) clay mounds ４ ┅.７ ４ 谮.０
M ３P : Low density of Bothriochloa and annuals on clay mounds ２ 鬃２ 谮.１
M Car : Carissa on stony / salty clay mounds ２ ┅.３ ２ 谮.５

　 Figure 1 Jacobs摧s selectiv ity index f or di f f erent p atch
ty pes under heav y ( □ ) and light ( ■ ) stocking
treatments .

Results and discussion Animals in both the HSR and LSR selected for annual grass patches ( Figure １) , probably because of thehigh leaf quality of these patches in the wet season . Animals in both treatments avoided Carissa and bare ground for obviousreasons . Surprisingly , LSR animals selected Eriachne patches probably because of the availability of high quality forbs andlegumes in inter‐tussock spaces . LSR cattle are possibly selectingthese species despite their low bulk , as they can easily and quicklymeet their nutrient requirements due to the higher availability of ３Ppasture in the LSR treatment .
Conclusions This study has shown that a combination of highresolution imagery and GPS collars can be used to quantify patchselection at a very fine resolution in large extensive paddocks .
ReferencesO摧Reagain , P . ,J .J . Bushell , C . Holloway , ( ２００７ ) . Testing anddeveloping principles and management guidelines for thesustainable management of the seasonably variable tropicalsavannas . Sydney , Australia : Report to Meat and LivestockAustralia .Tomkins N , O摧Reagain P . , ( ２００７ ) ,Global positioning systemsindicate landscape preferences of cattle in the subtropicalsavannas . Rangeland Journal ２９(２) : ２１７‐２２２ .
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Rangeland monitoring and adaptive management
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Introduction Rangeland monitoring data are expressed as three subscripts data , Di ,j ,k , where i＝ １ ,２ ,爥m , indicates species ,j ＝
１ ,２ ,爥n , indicates samples , and k ＝ １ ,２ ,爥o , indicates times ( Legendre & Legendre , １９９８ ) . Multi‐Dimensional SphereModel , MDSM (Bai , et al . , １９９７) is designed to discover the changing trends in these data . Model uses m‐vectors , instead ofmatrix , to express rangeland : uses magnitude of the vector to express the total biomass , and uses direction of the vectors toexpress the composition of rangelands . In vector space , it is direction , instead of distances , that makes differences , but inrangeland science , it is the composition , instead of production , that makes differences . For example , three position vectors inshrub‐grass ２‐space , A＝ (１ ,０) , B＝ (０ , １) , and C＝ (３ , ０) . A is closer to B than to C , but A has same direction with C , butorthogonal to B . Model clusters A and C as shrubland , but B as grassland . In other words , vector space is a projective space ,where nA＝ A (Bai , et al . ,２００１ ) .
Methods As collinear vectors have the same composition , rangeland vectors have to be standardized ( normalized) :
　 　 　 　 Y摧＝ Y/ ｜Y ｜ , (１)Where Y摧 are the state vectors of the rangelands , or the projection of the rangelands on the unit hyper‐sphere , Y are therangeland vectors , or a point in m‐space , and ｜Y ｜ is the vector length , the square root of the sum of the squares . Then ,model uses time series to express the rangeland dynamics . It defines changing trends as present state over previous ,
　 　 　 　 Tk ＝ Y摧k /Y摧k‐１ ＝ (Yk / ｜Yk ｜ ) / (Yk‐１ / ｜Yk‐１ ｜ ) , (２ )
W here , Tk are trends ,Y�k are state vectors o f rangelands , subscrip t k indicate times . The rangeland grow th based on cell
dup lication is ex p ressed as ex ponential grow th , and trends can be used to p ro j ect the nex t year摧 state (Zhao , et al ., １９８２ ) ,
　 　 　 　 Pk＋ 1 ＝ Yk 倡 Tk . (３)Where Pk＋ 1 are the projection of the next year based on given year摧 information ,Yk are the state of given year , Tk are the trendsof given year . The projection can be modified by next year摧 actual samples to generate expectation of the next year , and this isso called Kalman filter ( Jameson 倡 , １９８９) :
　 　 　 　 Ek＋ 1 ＝ α 倡 Pk＋ 1 ＋ （1‐α) 倡 Dk＋ 1 , (４)where Ek＋ 1 are expectation , Pk＋ 1 are projection based on previous year , Dk＋ 1 are new samples , and ０ ≤ α ≤ 1 is the weighingfactor given to Pk＋ 1 . Thus , E have two resources : projection based on history and new actual samples .
Conclusions and discussions vector space and rangeland are ( one‐one ) related : vector magnitude vs . rangeland production ,direction vs . composition , addition vs . combination , minus vs . differences , division vs . trends , multiply vs . projection . It hasbeen proven that E are closer to the true values than either P or D , and projection error ,
　 　 　 　 R＝ (1‐α) 倡 (D‐P) (５)are smaller than either using P or D alone . Furthermore , if we use P＋ D to replace E , and use T× E to replace P , then ,
　 　 　 　 Ek ＝ Dk ＋ Pk ,
　 　 　 　 ＝ Dk ＋ Tk‐1 倡 Ek‐1 ＝ Dk ＋ Tk‐1 倡 (Dk‐1 ＋ Pk‐1 ) 爥
　 　 　 　 ＝ Dk ＋ Tk‐1 倡 (Dk‐1 ＋ Tk‐2 倡 (Dk‐2 ＋ Tk‐3 倡 (Dk‐3 ＋ 爥＋ T0 倡 D0 ) ) ) (６ )Rangeland expectation are linked to whole monitoring time series , and the trends calculated from expectations have used allinformation from the monitoring history , even looks like only two points be used (Bai , et al . , ２００７) .
ReferencesBai , T .J . , Liang , Y .Q . , ( ２００７ ) .Changing vegetation and trend analysis . Journal of Plant Ecology . Science press , Beijing( accepted) .Bai , T .J . , (２００６) . T rend Analysis and Its Applications in Ecology and Stock Market . Ethnic Publishing House , Beijing .Bai , T .J . , Cottrell , T . , Hao , D .Y . , Te , T .L . , Brozka , R .J . , ( １９９７) . Multi‐dimensional sphere model and instantaneousrangeland trend analysis . Ecological Modelling , ９７ , ７５‐８６ .Legendre P . , Legendre L . , (１９９８) . Numerical Ecology . Elsevier , Amsterdam , ２４７‐２５８ .Zhao , S .L . , et al . , (１９８２) . Linear and Non‐Linear of Plant Community Succession and Numerical Prediction . A cta Ecologica

Sinica .
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Application of fractal on ecosystem in grassland
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Introduction Water and soil loss and deterioration of the environment are serious in the western grasslands of China , and thisrestricts the local sustainable development of the economy . The environment is influenced by spatial and temporal distributionof water , soil , and vegetation . Understanding the complex phenomenon of spatial and temporal distribution of ecologicalelements is very important for agriculture and safeguarding the environment of grasslands . Since grasslands are complexecosystems with strong spatial and temporal variability , we can utilize Geostatistics to demonstrate the patterns and the internalrelationships of ecosystem elements . T raditional parametric Geostatistics has some short comings for explaining complex
phenomenon of ecosystems , while Fractal Geostatistics perhaps is more appropriate . Compared with Geostatistics , FractalGeostatistics is good at illustrating the nonlinear problems , which provides a totally new idea for the internal regularity study ofthe complexity and scrambling of ecosystems in grasslands . Fractal Geostatistics has great value in research and application .
Theories and methods Fractal Geostatistics is the organic combination of Fractal theory and Geostatistics . Geostatistics can beused to study relativity in distribution of spatial information in a certain scale . Self‐similarity theory of fractal can be used tostudy the heterogeneity of the spatial information , and then we can simulate and predict the distribution of spatial informationby integrating correlation and heterogeneity .
Applications As a complex ecosystem , patterns and processes in grasslands are always the emphasis of ecology and grasslandscience , which is closely related to spatial variability . In １９９３ , the ７８th annual meeting of ecology ( USA ) opened , with thesubject Geostatistics and Ecology . Some people showed the potential application of Geostatistics in ecology , and since then ithas been used by more and more people . At present , the main applications are as follows : ( １ ) Analysis with R/S . It revealsthe variety of regional variability in a certain temporal‐spatial scale ( Wang Kaoli , ２００２ ) . ( ２ ) Interpolation and simulation .Based on the fractal relationship and correlativity of variable , the value at unsampled locations can be estimated according to theknown information ( Grane , １９９０ ; Cheng Qiuming , ２００１) . (３ ) Characterization of soil in structure . Particle‐size distribution ,soil water retention curve and current in porosity medium have fractal characteristic , which the variability can be described byFractal Geostatistics ( Tyler ,１９９０ ; Huang Guanhua , ２００２ ;Xu Bing ,２００７ ) . ( ４ ) Variety of vegetation . Shape of vegetation ,community and landscape patterns have close affinity with scale . Fractal Geostatistics can explain the complicated variety ofvegetation in a certain spatial‐temporal scale ( Palmer ,１９９８ ;Su Litan ,２００５ ;Ren Haibao ,２００５) .
Conclusions The study on spatial problems are at the forefront of ecological research ( P .Kareva ,１９９４ ) ,and Geostatistics hasproved to be a good method for the study of spatial variability . With the development of Geostatistics ( e .g the development ofFractal Geostatistics) , it w ill be a powerful tool to study the complicated ecosystem in grassland .
ReferenceChen Yaxin , Shi Haibin , et al , ( ２００５ ) . Spatial Variability Prediction Theory and Conditional Simulation for Soil Water andSalt . Beijing : Science Publishing Company .
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Introduction Cholistan is an extension of the Great Indian Desert , which includes the Thar Desert in Sindh province of Pakistanand the Rajasthan Desert in India , covering an area of ２６ ,３３０ km２ , it lies within Southeast quadrant of Punjab provincebetween ２７o４２′ and ２９o ４５′ North latitude and ６９o ５２′ and ７３o ０５′ East longitude ( Ahmad , ２００５ ; Ahmad , ２００７) . The area wasonce green and prosperous , where cultivation was practiced . With the drying up of the river , the area became desert throughdesertification processes and only a few grazing lands are lef t .
Materials and methods The use of spatial data for drylands‐resource management and planning has been recognized worldwide .However , spatial data are less useful if they are not transformable into information which can be analyzed and interpreted in asystematic and quick way . Hence there is a requirement to transfer and keep spatial data related to agriculture in a standardcomputer format preferably in a GIS environment ( Khali , ２００１) . A GIS is an integrated resource data base system that has thecapability to store , edit and process digital data ; and that supports development planning and policy analysis . The use of GISfor evaluating the potential of drylands is becoming very important , especially when immense accumulation of data isunavoidable ( Khali , ２００１) . The Ministry of Environment , Government of Pakistan has set up an Environmental MonitoringSystem combining NOAA AVHRR data with high resolution Landsat TM data ( FAO , １９９７) and ground observations with theobjective of developing an operational GIS for more effective planning , management , conservation and sustainable developmentof resources .
GPS application to investigate agricultural compartments Global Positioning System ( GPS ) is a highly accurate satellite basedradio navigation system providing three‐dimensional positioning , velocity and time information . In order to achieve GPS co‐ordinate readings , the GPS unit transmitter must detect a minimum of four satellites and the more satellites detected by thetransmitter , the more accurate the readings tend to be . Better accuracy can also be achieved if differential GPS (DGPS) is used
( Spencer et al , ２００３) . The idea behind the DGPS is to correct bias errors at one location with measured bias errors at a knownposition . A reference receiver , or base station , computes corrections for each satellite signal . Some of the potential and usefulGPS applications in drylands resources include tree location mapping , potential agricultural compartment boundary survey ,
ground truth activities and resources inventory ( Khali , ２００１) .
Conclusions The analysis of Cholistan desert resources help us to know that the desert tract is full of plant resources , whichhave not been exploited on a large scale or commercial basis , because of their low output , sparse distribution and very poormanagement . For the overall development of the desert , it is an urgent need that the existing plant resources should beexploited on sound scientific lines using modern technologies . Because of a traditionally limited approach to drylandmanagement , development , and assessment , current dryland initiatives fail to build the support necessary to effectivelyaccomplish their objectives . On the other hand , an ecosystem approach to drylands monitoring and assessment holds great
promise for generating enthusiasm , precisely because of its more comprehensive , forward‐looking focus .
ReferenesAhmad , F . (２００５) . Historical and archaeological perspectives of soil degradation in Cholistan . Journal Geographic Issue No .

１０ , ３１‐３５ .Ahmad , F . ( ２００７ ) . The role of geoinformatics to support precision forestry practices in drylands of Pakistan . Journal
Geographic Issue No . １１ , ４４‐５０ .FAO (１９９７) . FAO activities : forestry and fisheries applications , http :/ / www .fao .org /WAICENT / FAOINFO /SUSTDEV /EIdirect / EIre００２５ .htm . Food and Agriculture Organization of the United Nations , Rome .Khali Aziz , H . ( ２００１ ) . Remote sensing , GIS and GPS as a tool to support precision forestry practices in Malaysia .
Proceedings o f the ２２nd A sian Con f erence on Remote Sensing , ５‐９ November ２００１ , Singapore .Spencer , J ; Frizzelle , B . J ; Page , P . H . , and Vogler , J . B . ( ２００３ ) . Global positioning system : a field guide for the socialsciences . Blackwell Publishing Ltd .
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Introduction The Shuttleworth‐Wallace model ( S‐W model ) ( Shuttleworth and Wallace , １９８５ ) is a two source model wellknown for its good performance on partitioning ecosystem evapotranspiration ( ET ) into soil evaporation ( E) and vegetationtranspiration ( T) . However , its applications on China摧s grasslands and for long periods are rarely documented . In this study ,we use this model to estimate ET and the two components E and T over ２ ～ ３ continuous years on four grassland ecosystems inChina .
Results and discussion Based on outputs of the model , the spatiotemporal dynamics of E/ ET were described as well . Resultsindicated that modeled ET for the four ecosystems agreed well with the eddy covariance measurements at the half‐hourly , dailyand annual timescales , suggesting a good performance of the S‐W model over a long‐term period on China grasslands .Diurnally , E/ ET was high in the morning and afternoon , and low in the late morning . Seasonally , E/ ET decreased with the
progress of growing season and declined after the active periods . Processes controlling the dynamics of E/ ET at differenttimescales were different . Half‐hourly , E/ ET was mainly controlled by canopy conductance , and seasonally and interannually ,the leaf area index ( LAI) was the main controller . In general , E accounts for a great proportion of ET on typical grasslands inChina . E/ ET ranged from ０ .１ to ０ .５７ during the peak growing seasons and totally ０ .５２ ～ ０ .７４ for the whole year .
ReferenceShuttleworth WJ , Wallace JS . ( １９８５ ) . Evaporation from sparse crops‐an energy combination theory . Q . J . R .Meteorol .

Soc . , １１１ , ８３９‐８５５ .
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Measurement of remote sensing in desert plants recovery
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To offer an index of the remote sensing test quantity for the plants living in arid desert area , we prefer the contracting methodin this paper , To stop ３０a in ２０００ and a water( Li Xia ,２００６ ) the bank of the lower reaches of the Tarim River with vegetationMODIS‐NDVI change analysis .
The summary of the searching area and the methods The researching area is water interception area lays in the downstream ofTarim river includes Yinsu , Kaerdayi and Alagan sections , plants mainly distribute in the area . With MODIS‐NDVI data( geometry corrected and the corrected errors are within one cell) that describe the growing period ( May to October ) in ２０００‐
２００６ .We set the equation according to the NDVI collected before the water supply & after the water supply and the contractsection NDVI in corresponding time . (D : the plants recovery degree ; N : NDVI af ter the water supply ; No : NDVI before thewater supply ; Nw : the contract section NDVI .)
D ＝ (N － NO ) / ( N w ＋ MO ) 　 　 　 (１)
Results and analysis
Analysis the MODIS‐NDVI trend between before water supply and after water supply Exact the MODIS‐NDVI�s average of thedata mentioned which is vertical to the watercourse and far away from the watercourse ０ ～ ２km with the ERDAS‐IMAGIN Gsof t . The results show that : the NDVI increases when the water supply continues but the increasing slows down when thewater extents . The average of Yinsu , Kaerdayi and Alagan�s NDVI are ４３ .７％ ,３５ .５％ ,２０ .８％ .
The analysis on the before & after water supply and the depth of the underground water changing trend

　 Figure 1 Study area in 2000‐2006
NDV I relations w ith the groundwater
level .

We paint the graphs on the NDVI and the average of the depth of the underground water when the plants are in growing periodsof one year .Shown in graph １ . As we can know from graph １ that the NDVI has no evident relationship with the depth of theunderground water before the water supply . But after the water supply , NDVI increase evidently in different depth of thewater , less deeper means more increasing . And the NDVI increases more with the count of water supply added .

　 Figure 2 Vegetation restoration o f the section .

The analysis of the plants recovery degreeAccording to ( １ ) ,we calculate the plants recovery degree inYinsu ,Kaerdayi and Alagan and paint graph ２ . From graph ２ ,we can getthe information that the plants recover more and more with thewater supply continues .Yinsu is closest to the reservoir and it摧srecovery is best , Kaerdayi follows Yinsu and show the trend thatclosing to Yinsu . But the plants recovery degree in Alagandecreases gradually .
Conclusions Plants recover gradually after the ecological watersupply , and the speed of recovery and the degree depend on the timelasts of water supply and the depth of underground water . The recovery degree of NDVI is a contracting fixed quantity of theremote sensing to evaluate the plants recovers in the arid‐desert area .
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Introduction The technology of near infrared reflectance spectroscopy has the characteristics of accuracy , rapidness and freefrom contamination , therefore , more and more grass workers make much account of it . The application on the aspect of grassof NIRS started late and was more unprogressive compared to that on other fields , and the conditions of which was moreserious in China . In recent thirty years , the analytical technology of NIRS has been applicated in the aspacts of grasslandscience in distinguishing the compositions of plant communities , evaluatiing the qualities of forages and feedings , predicting theintaking characteristics of livestock towards forages etc . The aim of this paper was to summarize the applications of NIRS in thefield of grassland science .
1 . Predicting products and qualities of forages during the growing seasons ( Brown et al . , １９９０)
2 . Distinguishing the plant compositions in different communities
3 . Identifying the contents of mineral elements compositions of forages
4 . Predicting the intaking characteristics of livestocks towards forages ( Agnew , ２００４)
5 . Identifying the qualities of domesticated animal products ( Prieto et al . , ２００６)
6 . Monitoring the nutritional conditions of ruminants ( Landau et al . , ２００６)
Conclusions There has been great advances in the achievements of basic and applied studies of NIRS gained in the grasslandscience . The achievements we mentioned in the paper were mainly from abroad and can not be used directly in the same areaswithin our country because of the huge regional differences . Therefore , great efforts of utilizing NIRS technology into thevarious aspacts of grassland science should be done to further improve the fundamental researches and application studies of thedevelopment of grassland science in China .
ReferencesAgnew , R .E . , Park , R .S , Mayne , C .S . , Laidlaw , A .S . , ( ２００４ ) . Potential of near infrared spectroscopy to predict thevoluntary intake of grazed grass . A nimal Feed Science and Technology １１５ , １６９‐１７８ .Brown , W . F . , Moore , J .E , Kunkle , W .E . , Chambliss , C .G . , Portier , K .M . , (１９９０) . Forage testing using near infraredreflectance spectroscopy . Journal o f A nimal Science ６８ , １４１６‐１４２７ .Landau , S . , Glasser , T . , Dvash , L . , ( ２００６ ) . Monitoring nutrition in small ruminants with the aid of near infraredreflectance spectroscopy technology : a review . Small Ruminant Research ６１ , １‐１１ .Prieto , N . , Andr s , S . , Gir ldez , F .J . , Mantec n , A .R . , Lav n , P . , ( ２００６ ) . Potential use of near infrared reflectancespectroscopy ( NIRS) for the estimation of chemical composition of oxen meat samples . Meat Science ７４ , ４８７‐４９６ .
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Introduction The natural grassland area in the Inner Mongolia autonomous region of China is ８６ .６６７ million ha , which accountsfor ７３ .３％ of the total area of the autonomous region and ２１ .７％ of the total area of the national grassland ( Li B ,１９９３ ) .Grassland is not only important natural resource but also the important base of domestic animal husbandry . The grasslandecosystem of our country is influencing China and global ecological environment . Currently , data and information on thegrassland ecosystem are abundant but scattered in many branches and different regions . This fact does not aid the use of dataand information ( YUAN Qing , ２００６ ) by researchers and students . Furthermore , it is hard for the government to know thecondition and the dynamic change of the grasslands over time . So , the digitalizing management and digital‐simulation ofgrassland resource information has become an important direction of study . With this background , we attempted to establish aWebGIS for the grassland resource for Inner Mongolia according to the theory of GIS and using modern information technology .
Date and methods The digital maps( １ :１ ,０００ ,０００) used in this study , made by the Institute of Geographic Sciences and NaturalResources Research , CAS were as follows : Vegetation type map , Soil type map and administrative map were in Shape Fileformat ; Annual average temperature map , Annual average precipitation map and annual accumulated temperature ( ≥ ０ ) mapwere in Grid File format ; Digital elevation map(１ :２５０ ,０００ ) is in DEM format ; EOS‐Modis satellite data were downloaded fromthe internet . Based on the digitized maps already developed by others , the spatial data and attribute data were saved in separatespecial format files . We used Java program language and adopted C /S ( Client / Server) project developed by a Applet softwaremodule in the JDK１ .５ environment . The Applet was embedded in HTML Web Page which is in the server on the internet .Then we established a web site named �Geographic Information System of Grassland Resources for Inner Mongolia" throughdesigning web pages and uploading all data and software packages .
Results The WebGIS about grassland resources for Inner Mongolia was established on the internet , and the website is http :/ /www .grassland .cn . A Java Runtime Environment module ( JRE １ .５ or above) is required for client computers that can bedownloaded from this website or Sun website ( http :/ / www .sun .com) . Anyone can enter this system at any time . The systemoverlays ８ layers of maps , and the software module furnishes the management information , The system offers users thefollowing functions : Users can get multi‐dimension geographic information of any point with the mouse pointer on the mapcoordinates , such as latitude , longitude , vegetation type , soil type , annual average temperature , annual average precipitation ,annual accumulated temperature ( ≥ ０ ℃ ) , elevation , above ground biomass and district where the pointer is positioned . Themulti‐dimension geographic information will be displayed in the information box immediately along with user mouse movement ,no clicking and no waiting . According to users摧 interests , the system can designate single or composite geographical informationto inquire distribution area , then marked red all regions coincident with the use designated and display the total area on statusbar . Users can zoom in or zoom out the display of layer through the button of the panel , and can roam in the enlarged map bydragging the map in any displayed area using mouse .
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Introduction In the large scale , Clevers ( １９９４ ) and Luedeke ( １９９６ ) etc have monitored the phonological stages of global
vegetation based on NDVI and model , and thought that RS material has capability of detecting the key phonological stages .
Methods
Collecting field data
Observing and recording the key phonological stages of each rangeland type every ten days from April to September .
Processing RS data
２６０ scapes RS material have been processed such as atmospheric calibration , geometry rectification , and composed max values
of NDVI of every ten days .
Defining the key phonological stages
According to RS definition of phonological stage by Xin Jingfeng ( ２００１ ) : green‐up stage is a couple of sequential increase of
NDVI in foremost appearance , and maturation stage is as a couple of sequential decrease of NDVI in foremost appearance .

Result and test

Figure 1 Showed that the change o f NDV I o f every ten days
has a v isible orderliness , so did the f ield data .

Figure 2 Dynamic change f or decadal NDV I and f ield data
o f f our ty pes o f grassland( f orbidden‐graz ing) .

Conclusion and discussion The change of NDVI of every ten days can distinguish the change rules of phonological stage ,
particularly two key stages : green‐up phase and maturation phase . But most importantly , to select suitable training areas is
critical in using RS material of multi‐time series .
References
Clevers , J . G . P . W . A framework for monitoring crop grow th by combining directional and spectral remote sensing
information . [ J] Remote Sensing o f Env ironment , １９９４ ,２５ : １６１‐１７０ .
Xin Jingfeng . The study for crop grow th simulation based on RS technology . [D] ,２００１ :３８‐４１ .
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The method of study The data processing which included normal false color composing and accurate correction as well asregistration and enhancement of images was accomplished by using Landsat data in １９８６ ,１９９６ and ２０００ and １ :１００ ０００ land‐usemap . The control points were selected to carry through quadratic polynomial fitting correction based on the recently land‐usemap . The treated TM images matched with the digital border line well , and the error was two pixels at most . The landdynamic degree is quantitative changes of some or other type of land‐use within a period of time in a certain study area . Usingdynamic model to analyze the spatial‐temporal changes of regional grassland can truly reflect the exquisite degree of its changes .The expression is : LC＝ (Ub — Ua ) 爛 Ua‐１ 爛 T‐１ 爛 １００％ . where : LC represents dynamic degree of a certain type of land‐usewithin study time ; Ua and Ub represent the number of the certain land‐use type at the beginning and at the end of the research ;
T represents the time that the study covered .
Results and analysis The area of grassland had reduced ４２ .１％ since １５ years ago , and the average annual reduction was ２ .
８１％ .The decreasing trend was obvious , which showed that grassland degradation was from bad to worse . High coveragedensity area continued to decrease with large quantity change of the area , and the rate of net reduction reached ５３％ , whichindicated that the degradation of this grassland category was most serious . Moderate and low coverage density areas didn摧tchange a lot from １９８６ to １９９６ , but from １９９６ to ２０００ both areas represented a reducing trend overall respectively . The
grassland dynamic degree can be used to quantify the instance of grassland degradation , so the grassland dynamic degrees in thestudied region from １９８６ to ２０００ were calculated . From １９８６ to １９９６ , grassland dynamic degrees changed drastically . Amongthem , the dynamic degrees of high coverage density grassland were negative , and the values of moderate coverage grasslanddensity were very small though they were also negative . Otherwise , low coverage density grassland dynamic degrees were
positive value and the total dynamic degree accorded with the one of high coverage density grassland which were both‐２ .６％ .The values of moderate and high coverage density grassland were relatively small and they developed comparatively slow ly .From １９９６ to ２０００ , various types of grassland and the total dynamic degree were all negative , which suggested that all types of
grassland were degenerating , and the absolute values of low coverage density grassland dynamic degree were most . Thus thedegradation of low coverage density grassland was the fastest . The study showed that from １９８６ to １９９６ , the total number of
grassland changed to other land‐use types reached １１３６８４３ .３hm２ . The grassland most converted to cropland , saline‐alkali landand woodland , and especially the converted area of the high coverage density one reached ６１９７６５ .９hm２ which was the largest .It showed that the grassland in this period was so exploited in excess by human that caused large areas of grassland to bechanged to farmland and woodland , at the same time , grassland degradation and salinization were more serious . Undoubtedly ,all above all leaded to the further deterioration of ecological environment in the studied area and seriously affected thedevelopment of stockbreeding in Western Jilin , so we should pay more our attention to them . From １９９５ to ２０００ , the grasslanddegradation represented an increasing trend , and ７６９２６８ .７hm２ grassland translated into other land‐use types . More grasslanddegenerated into saline‐alkali land compared with the previous period , and the trend aggravated . Especially , the high coveragedensity grassland degenerated most seriously .
ReferencesQiu S W , Zhang B , Wang Z C(２００３ ) . Status , features and management practices of land desertification in the west of Jilin .

Geography Science , ２３(２ ) :１８８‐１９２ .Wang D Y , Xu W L , Feng H ( ２００２ ) .Study on the element abundances and their characteristics of soil in grassland fromwestern Jilin province . Scientia Geographica Sinica , ２２(６) :７６３‐７６８ .
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Introduction China is rich in grassland resource and has a variety of natural grasslands , which serve as not only the bases ofstockbreeding but also the green ecological defense . But most of them distribute in arid or semiarid regions in northwesternChina of arid climate with the characteristics of less of rainfall , windiness , and long period of withering . As a result , grasslandfire occurs frequently , which result in a great loss for stockbreeding , people摧s life and grassland ecosystems . Obviously it isterrifying that grassland fire has caused so much damage to economy and environment . However , in our country there existneither a set of systematic and unified indices of grades for grassland fire nor the division map of grades for grassland fire . It isdifficult to predict and put out grassland fire scientifically . Therefore , it is very urgent to draw a set of scientific indices of
grades for grassland fire and the maps of division of grades for grassland fire of the country and all the provinces respectively .And it is of great significance for the theoretical study of the technology of the prediction and suppression of grassland fire .(Wu Zhengyi , １９８３)
Material and methods During the period of withering , the methods of route survey and typical sample survey are adopted tomeasure the amount of withering grass in main fire disaster areas with field investigation . According to major types of
grassland , plots are chosen . There are three sampling spots in each plot , including １ square meter of herbage , １ square meterof small half‐shrub and １００ square meters of shrubs . The contents of the survey include the coverage and weight of litter layer ,the weight and distribution of livestock dung . Meanwhile , according to the features of ground combustible materials anddiscrepancies of topography and landform , grassland stations in １２ provinces are selected as ground monitoring networks , suchas Inner Mongolia , Heilongjiang , Jilin , Liaoning , Gansu , Qinghai , Ningxia , Sichuan , Sinkiang , Shanxi , Shaanxi , Hebei . Onthe basis of data of grassland with field survey in １９８０s and the synthetic study of vegetation height , coverage , the amount , thetypes and distribution of combustible materials , components and features of typography and landform , those basic data of
ground combustible materials in different regions and different types of grassland can be obtained .
Conclusions The distribution area of grassland fire in the country is located in warm steppe belt . Inner Mongolia is the very highfire dangerous area , especially those parts of meadow steppes in Hulunbeir League , Xilinguole League and Xing摧an League ,which are the major target areas to defense and control grassland fire . High fire dangerous areas are mainly in typical steppes inHulunbeir League and Xilinguole League . Also Yili and Tacheng in Xinkiang , and Liangshan and Aba in Sichuan are severelyafflicted areas of grassland fire . Comparatively , Bashang Plateau in Hebei and parts of mountain steppe in Shanxi are areas withless frequent grassland fire . Mdium and low grassland fire usually happen in Inner Mongolia , Heilongjiang , Gansu andQinghai . In addition , with the construction of grassland ecological engineering projects , grassland fire in some areas isupgrading per year . What摧s more , the cases of grassland fire occur in some of areas without such disaster before . Yet theywould not happen in such areas as warm desert , alpine desert , alpine meadows and marshy meadows . ( Liao Guofan& JiaYouling , １９９６)
ReferencesWu Zhengyi , (１９８３) . China Vegetation .Beijing : Science Press , ５０５‐７３８ .Liao Guofan ,Jia Youling , (１９９６ ) .Rangeland Resource of China . Beijing : China Scientific and Technological Press , ７３‐５８８ .
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The investigation of vegetation on Marl areas for biological controlling of water erosion in arid
lands (case study :Semnan Province , Iran)
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Introduction The vast area of arid and semi‐arid regions of Iran with unfavorable climatic conditions and erosional bedrock withfine grained clay mineral and evaporative mineral resulted in instability of the ecosystem . Therefore , the drought resulted fromclimatic conditions ; show important role on vegetation of these areas . This project describes characteristics of vegetation onmarl formations ( calcic , halite and gypsic marls) .
Material and Methods
General description of the study area According to the project aim and distribution of marl formation , the area has been studiedextensively . The study area is located in Semnan province and is limited approximately by coordinates : ５３° , １０′‐５４° , ４５′ Eastlongitudes and ３５° ,１５′‐３５° , ４０′ North latitudes .
Material The documents and information used for this study include :
１ . Topography maps ( scales １ :５００００ and １ :２５００００ ) , ２ . Geology map ( scale １ :１０００００ ) , ３ . Aerial photos ( scale １ :５５０００ ) , ４ .Satellite TM images ( scales １ :２５００００ , １ :１０００００) , image of Google earth site and ５ . Field observations .
Methods Geologic surveys ( tectonic and lithology ) , Geomorphology surveys and mapping ( water erosion ) , Collection anddetermination of vegetation cover .
Results
Climate The project area has an arid and semi‐arid climate . The average annual precipitation is about １４０mm and the averagetemperature is １４ ℃ .
Lithology A major part of the area is covered with marl which is considered as studied area . Marls are unconsolidated rocks withclay content and evaporative mineral composition ( calcite , halite , gypsum) .Clay content ranges between ３５％ ‐６５％ .Marls of the studied area have been classified as follows :
‐Gypsic marl , this marl contains considerably gypsum (３０％ ) .
‐Halite marl , which are as evaporative with more than ３０％ halite ( preliminary , secodery) .
‐Calcic marls , which are marine sediments and their calcite is more than ６０％ .
Vegetation
Vegetation of gypsic marl in the semi arid region The most dominant plant of this landform is Artemisa heba‐alba with otherassociated plants as follows :Anabasis setifera , Astragalus fridde ,Gypsophyla mucronifolia , Moltkia gypsacea . Vegetative coversin the main drainage network of this area are follows : Trachomitum venetum ,Phrgmites australis ,Lomatopodium strawroph .
Vegetation of gypsic marl in the arid region The plants of this landform distribute in the uphill and downhill ( river ) and the
percentage of vegetation canopy is less than ５％ . Anabasis setifera , Salsola arbucula , Salsola turcomanica , Salsola incanescens ,Cornulaca momacantha .
Vegetation of saline marl In this marl formation , although , vegetation density is less than other types of marls and reaches up to
２％ but vegetation diversity is high . Salsola tomentosa , Salsola arbuscula , Salsola orientalis , Salsola incanescens , Seidlitziarosmarinus Suaeda fruticosa ,Reaumuria alternifolia .
Vegetation of calcic marl In this marl formation , vegetation density and diversity is higher than other types of marls and reachesup to ２０％ . Artemisia herba‐alba , Euphorbia sp . , Stachys inflat , Stipa barbata , Teucrium polium , Ziziphora tenuior ,Atraphaxis spinosa ,Zoegea purpurea .
Discussion In addition to climatic condition , lithologic characteristic have considerable effects on vegetation cover ( density anddiversity) .This research showed that in similar lithologic condition , more humid climate results is improved biologic grow thand consequently density and types of vegetation cover increases . Therefore climatic condition is more important than lithologyon distribution of vegetation .Also , in similar climatic condition , meanwhile calcic , gypsic and saline marls have improveddiversity and density of vegetation cover . Then based on lithology type , availability of salt with high ion exchange providesmore limitation than salt with low ion exchange .The current study also implies that anthropogenic activities on semi arid region marls is more apparent than arid regions .Generally for development and improvement of vegetation , it is necessary to limit human activities and to plant native species inthe region .
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The study and evaluation on the ecosystem recovery and reconstruction of the southern mountain
areas of Ningxia based on the �3S" technology
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Introduct The Southern Mountain Areas of Ningxia is located on the east of North‐western part of china and also located on theupper reaches of Yellow River , which are covered by loess , uplands and ravines and Liupan Mountain is located in the middle ofthis region , with less precipitation and dry climate . It is the poorest area in China both in environment and economy because ofthe serious maladjusted man‐land relationship , the lose of water and soil and the deteriorated ecosystem caused by thecomparatively small capacity of original natural environment , weak ecosystem and huge population pressure .
In order to recover the ecology and promote the regional social economic development , the Chinese government launched the
grand Ecosystem Recovery and Reconstruction Project in １９９９ — the Project of Returning Farmland to Forrest and Grassland .
Guided by the theory of ecology development , we set Pengyang county as an example to evaluate the Project of ReturningFarmland to Forest and Grassland in the Southern Mountain Area of Ningxia based on the �３S" Technology . We chose thedifferent TM satellite image of ２０００ , ２００２ and ２００５ in the same season , built the land use classified system and set up the
judge symbol through the field practice of GPS positioning and survey , and got the changes of types of land utilization by usingGIS sof tware , DEM images overlay and grade classification . To evaluate the condition of the Project of Returning Farmland toForest and Grassland in Pengyang county through these analysis .
Results The areas of Returning Farmland to Forest and Grassland is increasing from ２０００ to ２００５ in Pengyang county , and thereturning slope Farmland reached ５０２３９ .０２９ hm２ , the forest and Grassland increased from ５２５７０ .２２８hm２ in ２０００ to １４１５９８ .
４９９ hm２ in ２００５ , and ３８２４１ .８２６ hm２ barren areas become forest , the water area decreased ３８ .１４１ hm２ and the living area is
９１ .６３２ hm２ . According to the changes of the land use types in ５ years , the Project in Pengyang county is in favorable conditionwithin these five years .
Among the research areas , Farmland in every grade is decreasing , and the Farmland under １５° grade is also decreasing . TheFarmland below ５° grade decreased １２１９２ .６８７hm２ with the change ratio of ２８ .５２５％ ; the Farmland between ５‐８° decreased
４８０１ .９６１hm２ with the change ratio of ３３ .５６１％ ; the Farmland between ８‐１５° decreased １５８８７ .３６２hm２ with the change ratio of
５１ .７５８％ ; the Farmland between １５‐２５° decreased １３６８７ .１０４hm２ with the change ratio of ３９ .８５９％ ; the Farmland between
２５‐３５° decreased ３７９１ .７２５hm２ with ６５ .２７６％ change ratio , for those areas above ３５° decreased ４７８ .１９２hm２ with ７４ .４３６％change ratio . These data shows that the Project of Returning Farmland to Forest and Grassland in Pengyang county has focusedon the Farmland of above １５° grade , which measures up to national policy , ecology development , and the requirement ofecology recovery , and that is really very scientific . However , the Project in Pengyang county didn摧t distinguish the conditionand grade of different lands , that means it returned most areas of Farmland below １５° grade to forest and Grassland .
With regard to the changes of the land use types in recent ５ years , the Project of Returning Farmland to Forest and Grasslandin Penyang county is in a favorable condition . We combine planting in barren areas and returning Farmland to forest and
grassland together to plant in a large scale . The newly increased forest and Grassland reached ８９０２８ .２７１ hm２ . Therefore , theresources of forest and Grassland increased , the structure of land use is getting more reasonable , and the eco‐environment isimproved , which has made great effects on the water and soil reservation , the self‐restrain of water source , to stop the windand fixation of sand , to make the improvement of environment as well as the promotion of the sustainable development of thecomplex system of regional nature , economy and society .
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Introduction Resources assessment using traditional methods is usually time‐consuming and expensive . Also high speed ofnature dynamism forced specialists to seek for quick and precise methods . Remote sensing and GIS are kinds of newtechnologies . We used Landsat ７ ETM ＋ data to monitor this dynamism in a semi‐steppic region of Iran .
Materials and methods Landsat ７ ETM ＋ satellite data of ２００２ and also vegetation cover map of １９７６ were used for capabilityassessment of satellite data for preparing vegetation cover categories map and also vegetation monitoring in an area of about
２７０００ ha in Lar Dam Basin .
Sample points were selected af ter needed corrections . Appropriate band compositions were selected by paying attention toOptimum Index Factor ( OIF) , correlation matrix , Principal Components Analysis ( PCA) and ２‐dimensional diagram analysis .These compositions were classified using Maximum Likelihood , Minimum Distance and Box Classifier algorithms and thenMajority Filter was applied . Accuracy of resulted maps was evaluated by pixel to pixel method . Then Overall AccuracyCoefficient and Kappa Index were calculated . By considering these indices , the map resulted from classification of bandcomposition １２３４５７ with method of Maximum Likelihood and applying Majority Filter was selected as the vegetation cover mapof ２００２ . Vegetation cover map of １９７６ was used as the vegetation cover map of １９７６ . Then the changes happened in differentcategories was detected .
Results and discussion Results showed that ２８ .５５％ of total area covered by range types in １９７６ was unchanged , １４畅０３％ wasdecreased to lower categories and ５７ .４２％ increased to higher ones . Table １ shows amounts of change in each category . Whenwe decreased our cover categories from １６ to ４ , we observed different amounts of change in the mentioned period and alsoOverall Accuracy and Kappa indices were promoted . The map of vegetation cover changes was prepared , finally .
Table 1 Amounts o f change in cover categories .

Category ( ％ ) Area at １９７６ ( ha) Area at ２００２ ( ha) Change
０‐２５  ０ >.０ １５２９  .５ １５２９ 6.５
２６‐５０ 0１８８７８ 殮.１ ５７２９  .９ ‐１３１４８ ].２
５１‐７５ 0３０１ l.５ １１００１ +.７ １０７００ M.２
７６‐１００ G１７９０ 儍.１ ２７０８  .６ ９１８  .５

Conclusions We reached to acceptable amounts of Overall Accuracy and Kappa indices in this classification and it could beconcluded that ETM ＋ data are suitable for vegetation cover monitoring in similar conditions . As stated before , when wedecreased number of categories , amounts of cover fluctuations and accuracy of resulted maps were changed , as other authorslike Darvish Sefat (１９９８) and Alavi Panah (２０００) pointed out . Therefore , we have to pay a serious attention to precisely andaccurately definition of categories for classification of satellite data .
ReferencesAlavi Panah , S .K . , ( ２０００ ) . Assessment of error resources for preparing maps from GIS and RS , CD of proceedings ,Conference of using GIS & RS in desert areas studies , University of Tehran and Forests and Rangelands Organization ofIran .Darvish Sefat , A .A . , (１９９８) . Remote sensing , Tehran : University of Tehran , １６４p .
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Human migration , squatters and land cover change in the Chyulu Hills , Kenya
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Introduction Access to land remains critical to the survival and livelihoods for many rural people in Kenya . Migration is aresponse of the rural poor to acquire land , and when they occupy land for which they have no legal right to , they becomesquatters . The Chyulu Hills are recognised as a key site harbouring significant ecosystems and threatened biodiversity ( GEF
１９９９ ) but despite this , continues to attract many spontaneous settlers , which have sometimes triggered forceful evictions whensquatter encroach on protected lands . By focusing on the factors that encourage squatter settlements in the hills , the trajectoriesof land cover change , and the factors considered crucial in driving change , we aim to contribute insights on plausible futurechanges under different assumptions and how different planning and policy scenarios may be important in averting negativechange .
Materials and methods Amigration study is done using quantitative methods and the life history matrix and modelling the�pull"factors for the destination location . The study further applies a combination of social surveys using PRA tools , and communitymapping to establish settlement patterns and relationships with the land . Black and white photographs taken in １９６７ and １９７８at scales between １ : ２０ ,０００ and １ :５０ ,０００ are analysed in Landscape Mapper 棆 and ArcGIS ９ .２ 棆 . Landsat Imagery from １９８７

( TM ) , １９９９ and ２００７ ( ETM ＋ ) are analysed in ERDAS Imagine and ArcGIS . Generalised Linear Models and RegressionT rees are used to model the drivers and role of factors responsible for land cover change ( Veldkamp and Verburg ２００４ ) .
Results and discussion The work is ongoing , and preliminary findings indicate that the abundance of natural resources includingrelatively fertile soils and wetter climate than the surrounding rangelands are among the important pull factors for spontaneoussettlements . The population grow th rates are high due to the influence of migration . A multiplicity of land statutes and weakenforcement of land tenure regulations are part of a system of factors responsible for the consequent trajectories of change . Oura priori predictions are that between １９６７ and ２００７ ( a) squatter presence ( b) distance to roads ( c) distance to parks and ( d)agricultural suitability of land are major causes of land cover change . Policy acts as a bouncing pad on which land use decisionsare made , which consequently influence land cover change .
Conclusions Knowledge on the forces responsible for the long‐term dynamics in land resources use is limited in Kenya . Thisresearch integrates biophysical information with socio‐economic and policy issues to examine the trajectories of land cover .Spontaneous settlements may act as an accelerator in land cover change , exacerbated by a multiplicity of tenure arrangementsand weak enforcement . Policy options to avert the spiral of need created in the Chyulu Hills , currently necessitating allocationof land set aside for other uses to settle squatters are seen as a feasible option . Provision of alternative non‐agricultural‐basedlivelihood strategies for those squatters who are being settled could provide some reprieve for the ecosystem .
ReferencesGEF ( １９９９ ) , The report of the STAP expert group workshop on land degradation , GEF/C .１４ / Inf .１５ , The GlobalEnvironment Facility , Bologna , Italy .Veldkamp , A & Verburg , PH ( ２００４ ) , Modelling land use change and environmental impact , Journal o f Env ironmental

Management , vol . ７２ , no . １‐２ , pp . １‐３ .
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Genetic evaluation of sweet potato vine genotypes
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Introduction Sweet potato vines ( ipomea batatas) have been reported to be an important source of crude protein (１９ .５ /CP) withdigestibility of ８０％ ( Irungu et al . , ２００４) . According to Irungu the vines significantly improved intake in sheep ( P ＜ ０ .０１ ) andstimulated digestion of low protein forages . The sweet potato vines therefore can form a major source of nutrients to livestock .They adapted well to wide environmental conditions and require low soil fertilizer , and have few pest & disease infection . Theobjective of this study was to identify , evaluate and select genotypes with traits of high dry matter content , crude protein
( CP) , vigorous morphological characteristics , drought tolerance and resistance to pests and diseases .
Materials and methods Evaluation of ten vine types from a population of twenty three genotypes identified as potential vine types
( Ondabu et el . ２００４ ) was conducted at Lanet Research Centre . Lanet Research Centre is situated at an altitude of １９２０m abovesea level and receives ８００mm of rainfall per annum . The soil is deep loam with an average maximum and minimum temperaturesof ２６ ℃ and １０ ℃ , respectively . The experiment used a randomized complete block design ( RCBD) on plots measuring ３ × ５ mand replicated three times using a flat planting method . Vine spacing was maintained at ６０ × ３０ cm . Routine agronomic
practices were applied . Harvesting was done after ９０ days for laboratory analysis . The dry matter content was determined bydrying samples in an oven at １０５ ℃ for ２４ hours . Crude protein was determined according to official methods of Association ofAnalytical Chemists ( AOAC １９９０ ) . Morphological characteristics were determined by measuring leaf width , length and vinecircumference using a flexible tape measure . A sample of １００ vines and leaves were measured from each block . Data collectedwere subjected to analysis of variance using Genestat ( １９８８ ) . The means were separated by the least significant difference( LSD) .
Results

Table 1 Dry matter , crude p rotein , lea f and v ine measurements o f ten sweet potato v ine cultiv ars .
Cultivar DM ％ CP％ Leaf length Leaf width Vine circumference
Sample size １０  １０ �１００  １００ 趑１００ 挝Tuber weight per sq m
９９ /１ 5１３  .６e ２２ �.６a １２ 祆.０c ８ 槝.４f ２ r.５b ２ M.７
Ex‐mukuruini １１  .９g １８ �.６f １０ 祆.５e １１ 破.５b ３ r.０a １ M.０
Helena １６  .０c １９ �.８c １２ 祆.０c １３ 破.０a ３ r.３a ５ M.０
K０４９ L１８  .２a ２１ �.３b １１ 祆.０d ９ 槝.３d ３ r.０a ０ M.５
K１５８ L１６  .５b １９ �.５d １３ 祆.７a １１ 破.６b ３ r.０a ０ M.２
Kemb‐１０ 葺１２  .２f １６ �.４j ８ 揪.６g ７ 槝.３g ２ r.６b １ M.５
Kemb‐３６ 葺９ 苘.７i １６ �.９h ８ 揪.６g ７ 槝.５g ３ r.１a １ M.０
Light green １０  .２h １６ �.５i ９ 揪.３f ８ 槝.８e ２ r.３b ３ M.３
Marooko １４  .６d １８ �.８e １２ 祆.０c １０ 破.０c ２ r.５b １ M.５
Wagabolige １４  .６d １８ �.４g １２ 祆.４b １３ 破.０a ３ r.４a ０ M.９
LSD ０ 苘.２２ ０ 屯.０６ ０ 揪.２ ０ 槝.２ ０ r.２
Means within columns with different scrips are significantly different ( P ＜ ０ .０１)
Conclusions Dry matter , crude protein contents and morphological characteristics of the ten genotypes showed high variability .Genotype K０４９ had significantly high DM content while genotype ９９ /１ and K０４９ had significantly high protein content . All ten
genotypes had CP content of more than １６ .４％ and are suitable as protein supplements to grass based ruminant diets .Genotypes Wagabolige and Marooko manifested significantly high morphological characteristics , had low weed infestation ,tolerant to prolonged drought and had no disease attacks .
ReferencesAOAC (１９９０) . Official methods of analysis １４th ed . Association of Official Analytical Chemists Washington D .C .Irungu , K .R .G . , OndabuN . , Kitilit J .K . , Changwony K . , Kenana R . , (２００４) and Mwangi J . Nutrient intake by sheep fedon three cultivars of sweet potato vines . Proc . of ９th T riennial Symposium of the International Society for tropical root cropsAfrica Branch held in Mombasa Kenya ３１st October ５th November ２００４ .Ondabu N . , Irungu K .R .G . , Tarus W . , Ontiti S . and Mwangi J . (２００４) . Sweet potato vine cultivar selection . Proceedingsof ９th T riennial Symposium of the International Society for tropical root crops — Africa Branch held in Mombasa Kenya ３１stOctober — ５

th November ２００４ .
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Monitoring rangeland community/ health change using multispectral and hyperspectral satellite
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Introduction This work aims to develop new remote sensing methodology for mapping rangeland change and health indicators inthe province of Alberta in Canada . Change monitoring is performed based on cover fraction at ～ ２０m pixel of the followinglandcover types : trees , shrubs , grasses/ herbaceous , soil and water . The percent cover of plant litter , soil and noxious weedspecies is considered when monitoring the rangeland health .
Methods and results Various satellite data are acquired over four test sites located in southern Alberta . The broad‐bandmultispectral ( SPOT ) １０m/２０m data are collected at least three times during the growing season over each site whilehyperspectral ( Hyperion and CHRIS) data are collected at least once over each test site . Historical data for both are used totest the developed technologies for mapping rangeland change . In case of the SPOT data , the archived data goes back to １９８６and data from every ５ /６ years are used . Hyperspectral data are newer and data goes back only to ２００４ .
A spectral library database , including spectra of pure rangeland components and associated targets acquired in situ and in thelab , is also compiled for use in the mapping procedure . Additional parameters indicative of rangeland health such as biomass ,water content , and chlorophyll are also acquired .
Discussion The methodology developed applies both the spectral mixture analysis and the decision tree to satellite data to derivethe percent cover . Performances of these two methods are assessed against field ground‐reference information ( field data) andcover fraction maps derived from high resolution ( ～ １ /２ meter) aerial digital photos .
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Classification of rangeland resource types based on multi‐source remote sensing data
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Introduction The sustainable utilization of rangeland resources and the maintenance of ecological balance works on the premisethat the information about changing rangeland resources is obtained rapidly . In China , the studies of classification and mappingof rangeland resources can be traced back to the １９６０摧s ( LI Jianlong et al . , １９９６ ) , at that time interpretation was conductedusing large‐scale aerial photos , later they began to adopt satellite photos with the development of space‐flight technology . Sofar researchers of this field mostly use remote sensing data as a reference ( ZHEN Shoulin et al . , １９９０ ; LIU Fuyuan et al . ,
１９９１) . In this study , multi‐source remote sensing data were applied to investigate and classify rangeland resource types basedon the�３S" technical platform .
Materials and methods The site was on the northern slope of Tianshan Mountains in Xinjiang province , China ( ８６°０５′ ～ ８７°０５′E , ４３° ～ ４３°０８′N) ,the total area is about ５４４３ km２ . Three kinds of remote sensing data( Landsat‐７ / ETM ＋ ,CBERS ,MODIS)were selected to execute supervised classification after a series of technical processes including image registering , formatconversion , image enhancement and optimized band combination . With the support of Windows XP and GIS software ( ENVI４ .
０ , ArcView３ .２ , MapInfo ７ .０ ) , precision analysis and verification of the multi‐source remote sensing data were conducted ,combined with on‐site square check , digital elevation model (DEM ) and experts analysis , respectively .
Results ETM ＋ can discern and classify well whether in plain , partly mid‐mountain , sub‐alp or alp region ; the accuracy ratewas about ７３ .７９％ ～ ８６ .４３％ , but in low‐mountain ( １０００‐１６００ m ) and mostly mid‐mountain it is difficult to classify therangeland resources types . For CBERS , the accuracy rate decreased ５１ .１２％ ～ ８３ .６７％ from plain to alp region , and theaccuracy rate was higher in low‐mountain and mid‐mountain than that of ETM ＋ . MODIS could only classify the first units ofthe rangeland resources types because of its lower spectral resolution .
Conclusions It is most effective to adopt digital elevation model (DEM ) to improve the accuracy rate of classification . Both ETM ＋and CBERS are suitable for classification in rangeland resources , they can discern types of the first units except for plain and
partly mid‐mountain which had lower accuracy , but there were mixed types in the second unit ; MODIS is not suitable for theapplication in classifying , however , it can be used for carrying out dynamic monitoring and biomass estimating in rangelandresources .
ReferencesLI Jianlong , REN Jizhou , HU Zizhi , et al . ( １９９６ ) . The application trends and study prospects of the remote sensing in thegrassland . Pratacultural Science , １３ , ５５‐６０ .ZHEN Shoulin , MU Xindai (１９９０) . The application of TM image to the investigation of grassland resources .Chinese Journal

o f G rassland , ６ , ４４‐４８ .LIU Fuyuan , LI Zengyuan ( １９９１ ) . The methods of grassland resource investigation using remote sensing . A cta A grestia
Sinica , １ , ４４‐５０ .
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Application of Geographic Information System (GIS) for developing range improvement and
reclamation plans in Taleghan summer pastures
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Introduction Iran has ９０ million hectare in pastures . To manage and develop programs for the renewable resources requires asuitable and rapid method for collecting and analyzing the information . Geographic Information System ( GIS) can perform animportant role in this process . The program for improving and growing pastures is one of the best plans to obtain the goal ofoptimum pasture management . The main purpose of this investigation was to examine the capability of GIS in managing theenvironmental units and range improvement sites , and finally to produce a range management plan and model for a specific area .
Material and methods GIS has high capability in details and resolution and also incorporation of the local data . In this research ,some basic data such as slope , elevation , vegetation , soil depth and texture , range trend and condition were collected andmapped using GIS . Different layers of aforementioned information were integrated together in a GIS environment , and theuniform units were produced . Then in accordance to the traits of each unit and with the basic consideration of the vital rules of
pasture models , the management model was presented for improving pastures situation or stability at the current optimum statein the study area . The management needs such as grazing system , reseeding and exclosures were specified and scheduled for thestudy area .

　 　 Figure 1 Proposed reclamation p lans by using G IS .

Results and discussion Result of this study , which was performed inTaleghan summer pastures , is shown in ( Figure １ ) . In accordancewith ( Figure １ ) the total area of rangeland which should bemanaged by the natural method is ７８０ ha ( code １ ) , the area to bemanaged by the balance method is １０１０ ha ( code ２) , the area to bemanured is ５６５ ha ( code ３) , the area to be in an enclosure is ６１２ ha( code ４) , the area to be interseeded is ４８５ ha ( code ５ ) , the area tobe hoe sowed is ２８０ ha ( code ６ ) , the area to be seeded is ７８５ ha( code ７) , and the rest is rocky , river and farmland and residentialareas ( Figure １) .
Conclusions The study shows the area has a great potential forimprovement and GIS is a useful tool for analyzing the needs .Combining information layers offers a method to rapidly locate anddesign pasture management . The GIS integrated model forrangeland management could help us to achieve the informationmore conveniently and quickly . Clarification is another attribute ofthis model . It has to be noted that for large‐scale planning , someadditional data such as climatological , geological , isotherm andisohytal data may be needed . Azarnivand et al ( ２００７ ) reportedsimilar results .
ReferencesAzarnivan H , Namjooyan R . ( ２００７ ) . Localization of range improvement plans using GIS and comparing with suggestedprojects of range management plans in Lar region . Journal o f Rangeland ２００７ ; １(２ ) :１５９‐１６９ .Bailey , A .W . , ( １９７０ ) . Barrier effect of the shrub Elaegnus commutata on grazing cattle and forage production centralAlberta .Holechek T .L . , R . Pieper & H . Herbel Carlton , ( １９８９ ) . Range management ; Principles and practices , Second Edition ,Printed Hal Inc .
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The development of Landsat Cover Change Analysis in the pastoral grasslands of western
Australia
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Introduction This paper outlines the use of cross calibrated multi temporal Landsat data in developing summaries for landmanagers , land administrators and for the wider community information in reporting on vegetation cover change at variousscales .
Materials and methods The research was conducted in the Kimberley and Pilbara grasslands . The vegetation within these areaswas stratified into like soil and vegetation communities , for example , in the Kimberley , the black soil plains of approximately
５００ ,０００ ha over １０ stations , dominated by Astrebla spp . and Chrysopogon spp . and in the Pilbara , the red soil coastal plains ,of approximately １００ ,０００ ha over ３ stations and dominated by Eragrostis spp .
A cover index using Landsat data is derived for the stratified soil type to be analysed . Land system and station infrastructurevectors are incorporated through GIS for analysis , interpretation and presentation .
Results and discussion Summary products were developed for a range of scales and questions by various stakeholders as shown inTable １ .
Scale orquestion Regional summary Q .what is the stratifiedvegetation type doing ?

Station or management unitscale Q . quantify therelative performance ofstations within a district orpaddocks on a station .

Management unit Q .Identify areas of above orbelow average response .
Regional‐ managementunit‐ monitoring site Q .Identify areas of differingtrends .

Stakeholder State of EnvironmentGovernmentadministrators .Departmental Advisers .

Governmentadministrators .Pastoralists .DepartmentalAdvisers .

Pastoralists .DepartmentalAdvisers and Inspectors .Governmentadministrators .

Departmental Advisersand Inspectors .Governmentadministrators .Pastoralists .Monitoring .
Product Uncorrected time trace . �Corrected�time trace ,relative to the regionaltrend shown at lef t .

Recombined stratifiedpaddock summaries . T rend maps for definedperiods .
Example

　 　 　 　
Figure 1 Examp le o f black soil p asture show ing a positive response in cover index (8 units ) and monitoring site photograph
over an 8 year period , af ter earlier loss o f cover .

Conclusions Although only developed in relatively small areas at this point , products derived through Landsat Cover ChangeAnalysis have the potential to report on large areas of rangelands at varying scales , depending on the question and stakeholder .The Department of Agriculture and Food Western Australia and Curtin University will be looking at how to further extend thiswork over the varied vegetation communities in the pastoral rangelands of Western Australia and how best to integrate otherground based datasets from monitoring sites and traversing .
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Study on benefit detection of the grassland desertification control project in Xianghuang Banner ,
Inner Mongolia based on �3S" technology
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Introduction Desertification is now one of the worlds important environmental and social economy questions , that is threateninghumanity摧s survival and development . Our country , is one of most seriously affected by desertification in the world . In order toeffectively reduce grassland desertification , we started a series of grassland desertification control projects . But the projectimplementation摧s process is a non‐natural process , and we don摧t know the projects摧 progress or benefit . Therefore , monitoringthe benefit of the Grassland Desertification Control Project is urgent and essential .
Research method and technical route Through ground investigation based on Global Position System technology , we determinedvegetation condition data at accurately located points . Using remote sensing , we collected image data about the project area .We analyzed multiple source spatial matching data to get the projects摧 area , biomass on the ground 、vegetal composition 、vegetation cover etc , based on GIS technology . Finally , we thoroughly and systematically monitored the grasslanddesertification control projects�benefit . Technical route is as follows in Figure １ .

Figuer 1 Flow chart o f bene f it monitor o f p ro j ect .

Results Vegetation cover is an important index to reflect health of a grassland ecosystem . Compared with ２００３ , the vegetationcover has been improved by ８ .６４％ in the project area in ２００４ .
Vegetal composition is an important component of a grassland ecosystem , and affects ecosystem function . Compared withoutside of project , there were fewer A rtemisia f rigida w illd . . , Ceratoides arborescens ( Losinsk .) Tsien et C .G .Ma ,
L agochilus Bunge , Potentilla acaulis L inn . etc . inside of the projects . In general , these plants grow in dry or degeneratedhabitats . The decrease in density of these species , shows the habitat inside of projects improved .
The above ground biomass is an important factor to appraise productiveness of a grassland . Compared with August , ２００３ ,thebiomass on the ground increased by ５６ .７８％ in the project area in August ２００４ .
Conclusions The projects for controlling grassland desertification have effectively prevented grassland degradation ,protected bio‐diversity , and promoted the sustainable balanced development of the grassland resource .

"
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Mapping and monitoring Inner Mongolia rangeland based on remote sensing
X ing Qi ,Gao W a
Inner Mongolia Institute o f Rangeland Survey & Design , Hohhot , 010051
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Introduction Liu Jiyuan (１９９５) has published methods for surveying and researching resources in China in a macroscopic scaleusing remote sensing technology ( RS) . Data of state and change of rangeland resources can be obtained rapidly and accuratelyby applying the method of field measurements and RS material , which would provide help when making rangeland managementdecisions .
Methodology More than four kinds of indicators were specified such as major species , production and plant cover , as well aschange in ratio of selected plants . Some important information has been extracted based on ３S technology .A base map of １ :０ .１ million and １ :０ .２５ million has been set up , based on more than three thousand orientation data pointscollected through field measurement , and the corresponding relationship between the field data and RS material has beenestablished . We then used software such as ARC/GIS 、ENVI etc . , to map distribution of rangeland types , and calculate andanalyze changing trend in the rangeland area , and evaluate rangeland quality .
The result and discussion As result of the Study , the area and map of ８ types were obtained ( Tab .１) , and mapping precision isabove ９０％ and production estimating precision is more than ８０％ . The study also showed that due to non agriculture uses andovergrazing , rangeland area has decreased more than ３８１０５００ ha since the １９８０s( Tab .２) , production has dropped by ２１ .５８％ ,and the degraded area of rangeland has increased ３５ .６％ .

Table 1 Stat . table o f rangeland area o f Inner Mongolia .

Types Rangelandarea( ha) Unit yield
( kg / ha) Types Rangelandarea( ha) Unit yield

( kg / ha)
Meadow steppe ７５８  .８８ １４７９ uDesert １７５０ 儋.３ ２６１ 珑.９
Typical steppe ２５１３ C.２３ ７７４ Q.７５ Meadow ９６５ 档.４１ １６７２  .０５
Desert steppe １０６８ C.２３ ４３７ Q.８５ Swamp １４ 憫.６３ ２２１３  .８５
Steppe desert ３８０  .７１ ３９２ Q.８５ Hillymeadow ４７ 憫.９９ ２８４８  .６５

Table 2 Change dynamic o f area .

８０s ２００３ |
Compared with ８０s

Change Ratio

Area( ha) ７８８０ e.４５ ７４９９ F.３９ ‐３８１ !.０５ ‐４ 换.８４％

Unit yield
( kg / ha) １０６８ e.７５ ８３８ 4.０５ ‐２３０ 3.７ ‐２１ 屯.５８％

Conclusion and discussion The study has provided a background database of １２ Leagues and １０１ Banners of Inner Mongolia andwill provide a basic platform for digital rangeland monitoring .
ReferenceLiu Jiyuan . The study on survey and monitoring of Chinese resources [ M ] .Beijing :Publishing Company of China Science andTechnology , １９９５ .６１‐１１０ .
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Studying of the MODIS data potentials to assess the pastureland production in the arid region of
Semirom‐Iran
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Introduction Pasture management with domestic animal grazing should be based on an understanding of the spatial and temporaldistribution of forage production . To estimate the pasture production in any region , reliable and repeatable techniques areneeded for use by land managers . T raditional methods of estimating forage production have spatial and temporal limitations andcan not be applied on vast areas . Application of remotely sensed data is a suitable method to evaluate the pasture production andsequentially detect changes . The aims of the present research were : the study of the MODIS data capabilities to estimate
pasture production in the Semirom and Brojen regions‐Iran , while also selecting the proper vegetation indices to estimateproduction , as well as studying the pasture production dynamics through the multi temporal data in arid conditions .
Material and method The study area is located in Central Iran with Irano‐Toranian vegetation cover . Multi‐temporal imagesfrom a MODIS sensor were used to study these pastures . Various preprocessing of image analysis , including image geo‐referencing to topographic map with an RMSe ０ .５ pixel and the atmospheric and topographic corrections were applied usingsubtraction of dark objects and the Lambertian methods . Field data collections were begun on June ２００５ on ８００ ,０００ ha andcontinued for about ４ months for repeated assessments . Various vegetation types were sampled using the stratified randomsampling method . Twenty random sampling points were selected , and the pasture production was estimated using a doublesampling method . Four multi‐temporal MODIS images acquired from ２１ May to １８ September were used . The resulting modelswere processed and the resulting images were categorized into ７ pasture classes . Finally the produced maps were field checkedfor accuracy . Also post classification method was used to determine changes in the ７ pasture classes .
Results and discussion The results confirmed that the NDVI and SAVI maps are closely correlated with the field data . In addition , theindices involving the SWIR bands are more closely correlated with field data where the cover and yield are high . On these sites theregression R square exceeded ８５％ . Most of the produced maps had higher accuracies .
Table 1 Regression coe f f icient (R２ ) between herbage p roduction measurements and f our vegetation indices in di f f erent dates .
Indices ２２ May ２００５ 憫１１ July ２００５ e２１ August ２００５ 哪１８ September ２００５  
NDVI ０ 侣.６３倡倡

０ ＃.４倡
０ 剟.４２倡倡

０ e.５５倡倡

SAVI ０ 侣.６８倡倡
０ ＃.４１倡

０ 剟.４４倡倡
０ e.５５倡倡

ARVI ０ /６倡倡
０ /２７倡

０ /２５ ns ０ /１１ns
AFRI１ 档.６ ０ 侣.８４倡倡

０ ＃.４５倡倡
０ 剟.２３ ns ０ e.３倡

AFRI２ 档.１ ０ 侣.７５倡倡
０ ＃.４３倡倡

０ 剟.３７倡
０ e.４３倡倡

倡 Significant at the ０ .０５ level , 倡倡 Significant at the ０ .０１ level , ns : Non significant .
During the growing seasons , the most pasture production changes , belong to class １００‐２００ kg / ha to １０‐３０ kg / ha in the NDVIand SAVI indices map . The results of this study prove , that Monitoring herbage production changes and vegetation indices ondifferent dates shows that phytomass increases in spring and summer and decreases in August . The pastureland forage
production change is very rapidly during the growing season on over ９０％ of these lands . The results of this study prove thatthe MODIS data estimates the plant production very well in arid and semi‐arid regions . Through this data , one can monitor theforage production , and this is very useful for sustainable resource management as well as decision making for planning pastureutilization .
ReferencesKarnieli , A . And Kaufman , Y . J and Remer , L畅 and Wald , A .�AFRI — aerosol free vegetation index" , Remote Sensing o f

Env ironment , vol .７７ , No . １０‐２１ .Kuchler A . W . & I . S . zonneveld ( １９８８ ) . Vegetation mapping . Kluwer Academic publishers Group . the Nether Land .Weiss , J . L . , D . S .Gutzler , J . E . A . Coonrod , C . N . Dahm , ２００４ �Long‐term vegetation monitoring with NDVI in adiverse Semi‐arid setting , central New Mexico , USA" , Journal o f A rid Env ivonmats ,vol .５８ ,pp . ２４９‐２７２ .Lillesand ,T . , kieper , R . W . ,(２０００) , Remote Sensing and Image interpretations , Fourth Edition , John Wiely & Sons , Inc ,Newyork , Chichester . Brishane . Torento . Signapore , pp . ７２５ .
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Water content of grassland ecosystem and its economic value in Qinghai‐Tibet Plateau based on
RS and GIS
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Introduction Vegetation change is a key factor influencing regional water balance . Many previous researches have shown there isa close correlation between vegetation cover and soil water . In recent years , many scholars , at home and abroad , haveconducted a lot of studies on soil water , but few of them on Qinghai‐Tibet Plateau . An accurate evaluation of soil water contentof the grassland ecosystem in Qinghai‐Tibet Plateau is important for people to understand the functioning of grasslandecosystems and effectively protect the natural grassland . This paper , in accordance with the theory of large scale ecosystemfunction , will effectively evaluate the soil water‐holding capacity of the grassland ecosystem and its economic value in the
plateau using RS and GIS .
Material and methods In this paper , the basic data are from standard MODIS １B data , which has been geographically and
geometrically corrected . And the data were attained by : １) band selection : band １ (６２０‐６７０ nm) and band ２ (８４１‐８７６ nm) ; ２ )space selection : the area in ２５‐４０°N and ８４‐１０４°E ( with the restriction of remote sensing data obtained , which can basicallycover the most area of Qinghai‐Tibet Plateau) ; ３) time selection : January ２ , February １０ , March ７ , April ８ , May １０ , June ９ ,July ２０ , August １４ , September １ , October １７ , November １１ , December １１ in ２００２ ; ４ ) sof tware selection : ENVI ３ .５ andARCGIS ８ .３ .
Soil water content , an important component of soil , and soil fertility , are critical requirements for plant grow th . This paper ,therefore , will evaluate soil water content as a basic physical measure . Based on the selected model , the calculations are : １ )data pre‐processing ; ２) land cover classification ; ３ ) Albedo ( ABE) ; ４ ) day‐night temperature difference ( △ T ) , apparentthermal inertia ( A T I) and real thermal inertia ( RT I) ; ５ ) soil water content ; ６) water conservation ; and ７) economic value .
Conclusions Through calculation and analysis , some conclusions have evolved : ( １ ) Grassland ecosystem has large capacity forholding soil water . Owing to the influence of the area and soil water content per unit area of grassland , the contribution rate ofvarious grasslands is different for soil water content . They can be arranged in following order : alpine steppe ＞ alpine meadow
＞ temperate maintain meadow ＞ alpine desert ＞ alpine meadow steppe . ( ２ ) A periodical change occurs in soil water in thestudy area . As a whole , it decreases early and increases late in a year , taking July as the boundary ; moreover , this trend alsooccurs in the growing season ( April‐September) and non‐growing season ( January‐April and September‐December) . As for thetotal amount , the soil water is higher in non‐growing season than in the growing season , and higher in autumn and winter thanin spring and summer . ( ３ ) Due to different geographic locations , natural features and ecological functions , the grasslandecosystem in Qinghai‐Tibet Plateau varies regionally in both its soil water content and its economic value , i .e . , graduallydecreasing from the northwest to the southeast . It is necessary to state that because of the limited images received , the paperdid not cover the whole Qinghai‐Tibet Plateau . However , this study makes an attempt to reveal the soil water‐holding capacityof a grassland ecosystem and its value on a regional scale , and to dynamically evaluate service function of grassland ecosystem .



瞯 ]706　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Application of Information Technology in Monitoring and Managing Grasslands/Rangelands Resources

Study on technical method of remote sensing Monitoring for grassland degradation
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Introduction Yun Shipeng (２００１) and others have analyzed grassland degradation of the landscape and rangeland ecology in InnerMongolia by using remote sensing methodologies XU Peng et al . ( １９８８ ) also ustilized remote sensing images to classifyrangeland types .
Materials and methods Using field observations and remote sensing images , several characteristics were specified includingdominant species , production and percent cover , as well as changes in the proportion of indicator plants . Additional importantinformation has been gained using Geographical Information System ( GIS ) , global positioning system ( GPS ) , and remotesensing ( RS) technologies .
Results and discussion Rangeland degradation status has been determined based on RS , GIS , and GPS technologies . Figure １
provides data on changes in degradation status and extent since １９８０ . Figure ２ indicates the reason for the degradation andextent of changes since １９４９ .

Figure 1 Descrip tive tex t ( use tex t box or f igure
cap tion .

Figure 2 Descrip tive tex t .

Conclusions As a result of this study , we find that rangeland degradation on a large scale may be characterized and mapped usingRS ,GIS , ,and GPS technologies . In addition , monitoring dynamic changes of four key factors ( dominant species , production ,
percent cover , and change in the ratio of indicator plants) can be as useful determinants in mapping and monitoring rangelanddegradation .
ReferencesNot formatted according to http :/ / www .igc‐irc２００８ .org / papersubmit .htmlYun Shipeng . (２００１ ) . Analysis about breakage situation of the landscape and ecology of rangeland in Inner Mongolia by RS .Need volume number : ３５‐３８ .Xu Peng , Zhu Jinzhong need all authors listed in reference . ( １９８８ ) . A study about extracting rangeland typed based on RS .

Chinese G rassland ６ :６１‐６６ .
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The study of method on estimating aerial net primary production of rangeland by remote sensing
— A case study of Xilingol Grassland
L iu A i j un , W ang Jing j ie
( Inner Mongolia Rangeland Survey & Design Institute Hohhot ,Inner Mongolia ,China , 010051)

Key words :Rangeland ‐Remote Sensing Vegetation index Grazing intake Net primary production
Introduction The estimation for standing production of rangeland based on remote sensing ( RS) has been reported largely ( Huete& Jackson , １９８７ ; Beck , １９９０) ,but about grazing intake , reported infrequently .
Material and method The study has tried to extract information both grazing intake and aerial NPP by RS . The relationshipbetween GI of once every ten days gained from field test , and estimation model of standing production( SP) and GI index ( GII)model extracted by MODIS material , as well as NPP models .
Result and discussion

1 SP modelAccording to relativity between NDVI and field data , estimation model for rangeland production has been established , theexpression is as :Y ＝ EXP(５ .７７‐０ .４２ /X) ;　 X is NDVI . (１ )
2 GI index

　 GIxun ＝ NDVIdangxun‐NDVIxiaxun ＝ b０ ＝
a１１ a１２ 爥爥 a１n
a２１ a２２ 爥爥 a２nM M 爥爥 M
am１ am２ 爥爥 amn m × n

(２ )

a １１ ～ a mn are pixel values in MODIS material , bo is GI index .
3 GI model

　 Δy ＝ ex p{ 5 .77‐0 .42/b0 } , (３ )
4 Aerial NPP model

　 ANPP ＝ exp {５ .７７‐０ .４２ / ndv imax } ＋ exp {５ .７７‐０ .４２ / b０ } (４ )
Conclusion In the paper , the logic of extracting GI is based on the assumption that the difference between NDVI of two decaddays in border upon can be ignored or is zero . The limitation of quantitative analysis in the method is lack of verifying and testfor results because of difficult to gather data of aerial NPP and GI in field .
ReferencesBeck L .R . , Hutchinson C .F . & Zaunderer J . . A comparison of greenness measures in two semi‐arid grasslands . Climatic

Change , １９９０ .１７ : ２８７‐３０３ .Huete A .R . & Jackson R .D . Suitability of spectral indices for evaluating vegetation characteristics on arid rangelands . Remote
Sensing o f Env ironment , ( １９８７) . ２３ : ２１３‐２３２ .
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Predicting botanical composition of grass‐clover pastures mixtures using near‐infrared reflectance
spectroscopy
N . S . A L‐Ghumaiz 1 , R . H . Leep 2 , and T . S . Dietz 2

1 Department o f Plant Production‐Qassim University . Buridah , Qassim .51452 . Saudi A rabia2 . Department o f Crop and
Soil Sciences , M ichigan State University .East L ansing , M I . 48824 .USA . nghumai＠ msu .edu

Key words :NIRS , botanical composition , binary mixtures , predication equation
Introduction The development of a reliable and rapid approach for determining botanical composition has been a research goal formany years . Several researchers have attempted to use NIRS as an approach to determine botanical compositions . Someresearchers have already proven the capability of NIRS to determine species content in legume‐grass mixtures ( Pitman et al . ,
１９９１) . Our objective was to compare NIRS to other methods for separating complex mixtures of species .
　

Materials and methods Twenty‐four cool season clover and grass cultivars were used for this study . Clover species includedthree red clover( T ri f olium p ratense L ) cultivars , four white clover ( T rifolium repens L ) , and one kura clover ( T rifoliumambiguim . Bieb ) cultivar . The grass species included two festuloliums ( Festulolium braunii , K . A .) cultivars , fourorchardgrass ( Dacty lis glomerata L . ) , seven perennial ryegrass ( Lolium perenne L ) and three tall fescue ( Festuca
arundinacea Schreb) . The experiments were arranged in a randomized complete block design ( RCBD) with three replications .Each replication consisted of ６７ entries of different combinations of grass and clover cultivars . Samples were hand clippedwithin a ０ .２５ m２ quadrat in each plot when plants were ２０ cm in height and dried at ６５ °C then ground to pass through a １mm‐screen . Calibration equations were developed using １‐artificially pure mixed samples , ２‐hand‐separated samples from onelocation and year and ３‐hand‐separated samples from multiple locations and years . Standard deviation of calibration ( SD ) ,standard error of calibration ( SEC ) and calibration coefficient of determination ( R２ ) were used to evaluate the calibrationequation . Prediction coefficient of determination ( R２ ) , standard error of prediction ( SEP ) , slope , and bias were used asvalidation criteria of the equations .
Results Data from artificially pure mixtures shows a very strong calibration equation with R２ of ０ .９９ and standard error ofcalibration ( SEC) of １ .４ . However , regression analyses of the spectral data with botanical composition resulted in predictioncoefficient of determination ( R２ ) of ０ .３１ and ０ .２４ and SEP of ２８ .１ and ２６ .７ for grass and clover , respectively . The variationin plant maturity and weed content observed in the field samples were not represented in the lab mixed samples . Thus , thecalibration equation developed from the artificially mixed samples of several grass and clover species did not accuracy predict thespecies composition clipped from three different locations over three growing seasons . A higher prediction may obtain if thecalibration equation was derived from samples representing all locations and years ( Shaffer et . al . , １９９０) .
Equations developed from hand‐separation from one location and year had R２ of ０ .９７ for grass and ０ .９５ for clover . However ,when this equation was applied to predict the botanical composition of samples collected from three locations and three years ,similar predictions were obtained to the results of the artificial pure mixed samples with validation R２ of ０ .２５ for grass withsomewhat improvement prediction for clovers with R２ of ０ .３７ . This clearly reflects the problem of obtaining enoughrepresentative samples that can include all spectra data from other locations .
On other hand Calibration equations developed from hand‐separated samples collected from three locations over three years hadR２ of ０ .８２ for grass and ０ .８４ for both clovers and weeds . The validation statistics for these equations resulted in an R２ of ０ .６７to ０ .７２ , SEP of ６ .９ to １２ .８ , and a bias of ０ .３ to ０ .６％ . Slopes were close to one for the grass and clover . In spite of therebeing multiple species in the weeds portion , SEP for weeds was lower than grass and clover components . It is possible the weedspecies were more similar in reflectance values than the different species of grasses .
Conclusions Even though we had some success in predicting grass‐clover mixtures based on multiple locations and years ascompared with the equation created from a single location and year , this study did not result in as high R２ as those observed inother studies ( Locher et al . , ２００５ ) . The lower R２ observed were due to various factors . Environmental conditions and the
grinding and storing processes can affect NIRS prediction . This study , which presented two different strategies for developinga calibration equation , has shown that creating an equation from representative samples of a larger database of previously hand‐separated mixtures can increase the prediction accuracy .
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The study of changes detection of land covers in Zagros Mountain ,West of Iran .
F .K arami ,J .Oladi ,S .Smailpoor Podeh
Faculty o f natural recourses ,Maz andaran University ,Sari ,I ran

Key points This study was performed using TM & ETM ＋ data taken in １９９０ and ２００２ ,in order to investigating the trend andrate of cover degradation in Zagros Mountain ,Iran .The study area was located in part of central Zagros Mountain .Thesupervised classification was performed for the images using ML (maximum likelihood) .Ground truth maps were prepared fordegradation cover class in ６３ ha of area and also for forest sparse / non forest classes ,in ２００ ha of area (３％ of total area) usingGPS .Also ,the overall accuracy and Kappa were obtained ８３ .３８％ and ５３ .２３％ for classifying forest sparse/ non forest classes .With respect to comparison of classified map of １９９０ and ２００２ datasets ,１２ year period .The degraded area is calculated on ８１ .４７ha .The average of degradation per year has been ６ .８ ha or ０ .１％ of area .Key words : change detection ,Zagros Mountain ,degradation cover .
Introduction Change detection and monitoring involve the use of multi date image to evaluate differences in land cover ( Singh . ,
１９８９ ) .Rangeland and forest ecosystems of the Zagros Mountain in west of Iran are remarkably diverse and productiveconcluding to variety in landforms ,hydrology ,flora ,fauna ,and ecosystem processes .Satellite data over various spatial andtemporal scales offers the most reliable , time and cost effective means of assessing land cover change .Change detectionessentially comprises the quantification of temporal phenomena from multi‐date imagery ( Coppin . ,２００２ ) .The usefulness ofsatellite data in change detection is dependant not only on radiometric and spatial resolution of the data but also on subsequent
processing and quality of the preprocessed data ( Anuta . ,１９８４ ) .Degradation of vegetation is as a critical problem in ZagrosMountain ,west of Iran ,that regions have rangeland ,forest sparse ,in generally .In this study TM and ETM ＋ images recorded intime frame between １９９０ and ２００２ was evaluated to produce land cover maps for change detection analysis and determinationZagros plant cover change .Comparison of classification results each other and also with the available maps was realized in theGIS environment to show the cover changes happened in the interest area .
Materials and methods
Data This study performed in Zagros central mountain ,western of Iran ,is located in the between ４６°３３′& ４６°２６′E longitude and
３３°４３′ & ３３°３７′ N Latitude ( shown in Figure １ .) .This area have heterogeneous topographic with １３００ to ２６５０ m .
One was the TM image acquired on July ５ ,１９９０ and the other was the ETM ＋ image on august ７ ,２００２ .Hence ,the resamplingwas done using non‐parametric method ,nearest neighbor interpolation and affine transformation ,for both of datasets .The ２００２image was registered to available reference map ( RMSE ＝ １８ .３５ m) ,using ８‐GCPs with １ nd order polynomial statistics usingnearest neighbor interpolation and affine transformation .which further acted as reference image for image to image registrationwith １９９０ image .Image to image registration was done using １３‐ GCPs uniformly distributed over the image plane ( RMSE ＝
１３畅０５ m) .
Methodology T raining areas were selected in two datasets with ( TM４ ,３ ,２ and ETM ＋ ４ ,３ ,２ ) band combinations and field work .The ground truth map determined of the areas that degraded by road construction ,using by GPS in ６３ ha .Of the area by fieldwork ; in order to this ,the boundaries of degradation used as ground truth for cover degradation .Also forest sparse and non‐forest ground truth map provided using systematic‐random method from ３％ of the total area ( about ２００ ha .in samples with
３００ × ３００ m２ ) .For tacking the classes information used GPS ( field work) ,FCC image and toposheets .Post‐classification changedetection technique was applied .In order to better detection of plant cover for classification ,used NDVI .After selecting andcorrecting training samples histogram ,their separability was controlled using Bhattacharya distance index .The maximum ofseparability between training areas were １ .９９ and １ .９３ for ETM ＋ and TM data respectively .
Results and discussion The degraded area is calculated on ８１ .４７ ha .The average of degradation per year has been ６ .８ ha or ０ .
１％ of area .Hence ,１ .８４％ of total area has been degraded in the １２ year period of time .Overall accuracy and Kappa coefficientwere obtained ９１％ and ９２％ for determining degradation ,respectively .Land degradation processes in the study area are ;degradation of natural vegetation due to new road construction and fuel consumption ,fire .This needs to be seriously studied ,through multi‐dimensional fields including socioeconomic ,in order to preserve the newly reclaimed land .
Conclusions The changes in land cover led to vegetation degradation(８１ .４７ ha .) and water logging in part of the study area .studies regarding change techniques have been carried for a long time ,and have had developed many useful techniques .As thesestudies do not provide uniform methods ,hence ,further investigation is needed with the scale of application for different studies .Further ,an integration of other aspects as slope ,digital elevation model ,socio‐economic attributes etc by the aid of GIS layerseems to be a promising for change detection analysis .It is necessary to used of high spatial resolution as SPOT ,IRS １C ( ５ mresolution) and more recent IKONOS ( １ m resolution) satellite imaging systems .
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Regionalization of plant bioclimatic of Karoon Basin using statistical multivariate methods and
GIS
K hodagholi ,M 1 . ,Y az dani ,M .R .2 ,Shirani ,K .3
1 ,3 Researcher ,A griculture and Natural Resources Research Center ,Is f ahan ,I ran( E‐mail :m ＿ K hodagholi＠ yahoo .com)
2 Phd student o f Climatology ,Is f ahan University ,Is f ahan ,I ran(E‐mail :moreya1＠ yahoo .com)

Key word : climatic regionalization ,karoon Basin ,Factor Analysis ,Cluster Analysis
Introduction Climatologists and ecologists have studied a lot on generalization of plant bioclimatic .There are numerous methodsfor climatology classification presented by botanists and climatologists such as Guassan , koppan and Emberje . Theseclassifications mainly were based on a few parameters ( such as temperature and precipitation ) .Whereas weather is verycomplicated in spite of we use consider ２ or ３ factors only .It is require considering adequate parameters for climatologic zonation
purposes ( Stinger ,１９６５) .
Material and methods Karon basin with ４２７５４００ hectares area is located in southeastern of Iran .This region has a variableclimate due to intensive topographic conditions .In this study ,seasonal scales were used for precipitation .For other parameters ,average annual used July and January months ( as an indicator for the first and the second half of a year ) and April ( as aneffective month in vegetation grow th) .Data matris of Q from was prepared .Factor analysis with two methods of componentfactors and varimax rotation was used to decreasing matris size .Then cluster analysis with method of hierarchical clusteranalysis and ward was performed to determining bioclimatic regions .Maps of these changes were drawn with Surfer sof tware
Results Results of factors analysis indicated that ５ factors had the highest effect on bioclimatic of study area .These factorsinclude ９４ .２６ percent of variance with eigen value more than １ .Cluster analysis was performed on ５ factors scores using wardmethod .Regard to the dendrogram ,regionalization of bioclimatology was done .It is require selecting name for each climatologyclass .These names indicate general characteristics of the region climate .Map of each climatology region prepared and factorscores classified climatic region that are :Very hot and dry region ,Very hot and semi dry region ,Hot and semi humid region ,Semi hot and semi humid region ,Hot and semidry region ,Semi cool and wet region ,Cold and very wet region ,Cold and wetregion and Cold semidry with spring precipitation( Figure １) .

Figure 1 Regionaliz ation o f p lant bioclimatic o f study area .

Discussion In this study ５２ climatic variables were selected that have more influence on natural plants grow th .These variablesreduced to ５ factors using factor analysis .Bioclimatic regions were named regard to factor score and correlation maps of factors .Scores show a lot of changes of extraction factors .Primary variable in ９ climatic regions are similar in each region ,but are different inone or a few factors with each .Results indicated that multivariable method is capable in classification of bioclimatic regions comparedwith traditional method .It was proved by many researchers .Statistical methods of multivariable have several advantages such flexibilityand data reduction that can be used for regionalization purposes and are more suitable than traditional methods .
ReferencesHossel ,J .E .Riding A .E ,Dawson T .P .and P .A .Harrison ,１９９９ .Bioclimatic Classification for Britain and Ireland http : ／／www .ukcip .org .uk/ pdfs /monarch/Chapter２ ＿ final .pdfKhodagholi ,M .２００５ .A study on plant bioclimatic of Zaiandehrud Basin ,PHD thesis ,Natural Climatology Group of IsfahanUniversity ,Iran .
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Pasture grass and fodder evaluation and selection for dry season feeding in Nakuru ,Kenya
Ondabu N . ,K enana R . ,Mwangi J .
National Bee f Research Centre ,P .O .Box 3840 ,Nakuru ,Email : gondabu＠ yahoo .com

Key words :Digestible ,dry season ,quality feeds ,yield ,nutritive content ,dry matter ,crude protein
Introduction The major constraint to livestock production in Kenya is availability of quality feed resources throughout the year .Farmers offer their livestock with natural pasture and other grown fodders such as Napier ( Pennistenum perpureum ) or cropresidue such as maize stover or wheat straw .Nutritional characteristics of these feeds mentioned are of low digestible nutrientswith crude protein of less than ６％ .As a result animals fed solely on these feeds do not produce to their potential .The objectiveof this study was to evaluate and select pasture and fodder species for quality ,tolerance to drought ,for dry season feeding inNakuru Kenya .
Materials and methods Data were obtained from established pastures and fodders at Lanet Research Centre Nakuru .Theseincluded Star grass ,Rhodes grass ,Guinea grass ,Sweet potato vine types ,Lecauna and Sesbania sesban .Lanet Research Centre issituated at an altitutde of １９２０ m above sea level and receives ８００ mm of rainfall per annum . .The soil is deep loam with anaverage maximum and minimum temperatures of ２６ ℃ and １０ ℃ respectively .Grass leys were sampled using a quardrant at halfflowering stage when dry matter (DM ) and the protein levels are at their optimum .The sweet potato vines were sampled after
９０ days and the leucaaena and Sesbania sesban at １ metre high .The sampling was done in both dry and wet season and averagedDM analysis was done by drying samples at １０５０C ２４ hours in an oven .Crude protein was analysed using official methods ofassociation of analytical chemists ( AOAC １９９０) .
Table 1 Y ield and nutritive composition o f ley grass legumes sweet potato v ines and f odder trees on dry matter basis .
Ley grasses DM ％ CP％ NDF％ ADF ADL
Star g rass ２９ [.８b ９  .３６ ６９ 佑.２９ ４２ 悙.７８ ４ 怂.９３
Elmba Rhodes ２０ Y.３３ １２  .４５ ６４ 佑.３１ ４９ 悙.９４ ４ 怂.５７
Boma Rhodes ２１ Y.７３ １１  .１８ ６８ 佑.３４ ４２ 悙.６２ ４ 怂.３５
Guinea grass １７ Y.５５ １４  .３６ ６２ 佑.７８ ４０ 悙.９５ ３ 怂.９６
Sweet potato vines cultivars :
Wagabolige １４ m.６ １８ *.４ ３４ 佑.８２ ３１ 悙.１９ ７ 怂.８６
Marooko １４ m.６ １８ *.８ ３２ 佑.７３ ３１ 悙.３６ ６ 怂.７６
K１５８ m１６ m.５ １９ *.５ ２８ 佑.１６ ３５ 悙.１６ ６ 怂.３０
Fodder tree legumes :
Lauceana ３８ Y.５１ ２６  .１２ ４４ 佑.９８ ２０ 悙.９８ ４ 怂.６６
Sesbania sesban １８ Y.８４ ２６  .７４ ３３ 佑.７０ ２７ 悙.５８ ３ 怂.９１

Dry matter and crude protein content of the grass ley species showed variability . Star grass had the highest DM while guinea
grass had the highest protein content with lowest DM .The sweet potato cultivars showed excellent nutritive characteristics .Cultivar K１５８ had the highest dry matter １６ .５％ and １９ .５ crude protein content while cultivar Wagabolige had the lowest crude
protein content of １８ .４ .These cultivars showed high tolerance to drought and had digestibility of ８０％ when fed to sheep
( Irungu et al ,２００４) .Fodder trees ,Laucaena ,Sesbania sesban ,had significant differences in dry matter content with Laucaenashowing high content of ３８ .５１％ while Sesbania sesban had １８ .８４％ .The fodder trees however showed excellent tolerance todrought .
Conclusions The pasture and fodders species tested showed potential for dry season feeding .Sweet potato vine cultivars hadexcellent nutritional characteristics .Star grass had highest dry matter yield in the pasture grass group while boma Rhodes hadthe highest protein content of １２ .１７％ with good dry matter of ２１ .７３ .Laucaena had the highest dry matter content ３８ .５１％while Sesbania had １８ .８４％ .All the pasture and fodder species evaluated could be used for dry season feeding in NakuruKenya .
ReferencesAOAC (１９９０) .Official Methods of Analysis １４th ed .Association of Official Analytical Chemists .Washington DC .Irungu ,K .R .G . ,Ondabu N . ,Kitilit J .K . ,Kenana R . ,(２００４) and Mwangi J .Nutrient intake and digestibility by sheep fed onthree cultivars of sweet potato vines .Proc .of ９th T riennial Symposium of the International Society for tropical root crops‐Africa Branch held in Mombasa Kenya ３１st October‐５th November ２００４ .
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Reclamation of saline soils through revegetation in Australia : plants , processes and people
E .G . Barrett‐Lennard
Department o f A griculture and Food o f WA , Centre f or Ecohydrology ( M087 ) , University o f Western A ustralia ,
Nedlands , WA , 6009 A ustralia . E‐mail : egbarrettlennard＠ agric .w a .gov .au
Future Farm Industries CRC , University o f Western A ustralia , Nedlands , WA , 6009 A ustralia .

Key points : Secondary salinity ( salinity induced by human activity ) is a major world problem . Hydrological imbalances inlandscapes cause watertables to rise , drawing salt from deeper in the soil profile to the soil surface , where the combinedstresses of salinity and waterlogging threaten the grow th of crops and pastures . The reversal of salinity by the broad‐scalereintroduction of perennial plants back into landscapes may not be economically feasible , but watertables may be at least partlydirectly drawn‐down by the grow th of salt tolerant plants ( halophytes ) on saltland . This review summarises data fromAustralia in which the water use by perennial halophytes has been sufficient to facilitate the grow th of the less salt tolerantunder‐storey legumes balansa clover ( T ri f olium michelianum ) and burr medic ( Medicago polymorpha ) . Although thehalophytes may have undesirable nutritive value traits , these plants , mixed with the under‐storey species are then able to be utilised
profitably by grazing sheep .
Key words : Salinity , waterlogging , water‐use , forage , nutritive‐value
Introduction

About ～ １０％ of the world�s land surface is naturally salt affected ; in addition the world faces a major problem of land andwater salinisation . Secondary salinity ( salinity caused by human activity ) is estimated to occur on about ８０ Mha of land thatwas originally suitable for agriculture ( Ghassemi et al . , １９９５ ; Barrett‐Lennard , ２０００ ) . In many situations saltland is foundadjacent to the world�s major rivers : salinity therefore also impacts on the security of drinking water — an increasinglyimportant issue as we deal with climate change .
Australia has a major problem of �dryland�salinity , a form of secondary salinity that has arisen because of the clearing of ourdeep‐rooted sclerophyll forests to make way for European agriculture . Basically , the shallow‐rooted annual crops and pasturesthat were planted after clearing used less than the complete rainfall , allowing percolation of excess water ( recharge) deep intothe soil profile . Watertables rose over the hundred or so years after clearing and when the groundwater came to within ～ ２ m ofthe soil surface , large areas of land became saline , particularly in the broad relatively flat valley floors . It is estimated that ～ ５ .
６６ Mha of land are presently at risk of dryland salinity , and this area is forecast to increase to ～ １７ Mha by the Year ２０５０( National Land and Water Resources Audit , ２００１ ) .
Secondary salinity is often a relatively complex issue because plant grow th can be affected by two stresses : salinity andwaterlogging . The ways in which these stresses interact to affect plant survival , grow th and location in the saline landscape isstill being elucidated (Barrett‐Lennard , ２００３) .
Secondary salinity is human rights issue . Because it can strike relatively quickly , families and communities may have little timeto adapt . In developing countries , communities affected by secondary salinity can experience high levels of illiteracy , poorhealth care and a far lower capacity to purchase normal household goods (Barrett‐Lennard , ２０００) .
Secondary salinity is not democratic‐communities can be affected to differing extents depending on where they are located in thelandscape . In my home State of Western Australia , dryland salinity affects about １０ ,０００ of our １５ ,０００ farmers . For about halfof these farmers less than ３％ of the farm is salt‐affected ; however the upper decile of farmers have at least １８％ of their farmsalt‐affected , and some farms are more than ３０％ affected (Damien Shepherd , pers . comm . , ２００６) .
I have spent the bulk of my career studying the effects of salt and waterlogging on plants , and in developing agriculturalindustries for saltland ; most of this work has been in Australia and this paper draws on that experience . The paper has one
principle theme : if saltland is better managed it can be partly reclaimed ; if it is partly reclaimed it can become more valuable ; ifit becomes more valuable then such management can be justified . While the case presented here is specific to southern Australia , Ibelieve that the principles and approach are more universally applicable .
Plants for saltland

Halophytes ( plants that complete their life cycles in saline environments ) constitute about １％ of the world�s flora ( TimFlowers and Tim Colmer , pers . comm . , ２００８) . The United States Department of Agriculture halophyte database lists about
１８００ species with their potential uses ( sl .arswww .us .usda .gov / pls/ caliche/ Halophyte .query ) . However , saline agriculturalsystems around the world probably focus on no more than ～ ２０‐３０ species .
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Although salinity has affected agriculture for thousands of years , the recognition that salt‐affected land can be used foragriculture is relatively recent ( see papers cited in Barrett‐Lennard et al . , １９８６ ) . Initially the focus was on the better use ofland that was becoming salinised because of irrigation ; focus is now moving to dryland salinity ( Ghassemi et al . , １９９５) .
In Australia , interest in saltland revegetation began in the １９４０s and １９５０s when tall wheatgrass ( Thinopy rum ponticum ) ,saltwater couch ( Paspalum vaginatum ) , small‐leaf bluebush ( Maireana brev i f olia ) , old man saltbush ( A trip lex
nummularia) , and creeping saltbush ( A trip lex semibaccata ) were promoted for saltland revegetation ( Teakle and Burvill ,
１９４５) . The first screening of herbaceous germplasm (６９ grasses and forbs) occurred from １９５４ to １９５９ ( Rogers and Bailey ,
１９６３) and resulted in the release of the Turkish grass Puccinellia ciliata . Subsequent screenings of halophytic shrubs( Malcolm and Swaan , １９８９ ) resulted in the widespread use of wavy‐leaf saltbush ( A trip lex undulata) and river saltbush( A trip lex amnicola) .
Can dryland salinity be reversed ?

If salinisation is caused by the removal of perennial plants from the landscape , then surely we should be able to reversesalinisation by re‐establishing perennial plants ( trees , shrubs or deep rooted herbaceous plants) back into the wider landscape .These plants should act as �functional mimics�of the original vegetation system , decreasing �recharge�to the groundwater ,and reversing the processes leading to landscape salinisation ( Hatton and Nulsen , １９９９) .
In practice the problems with this approach are two‐fold . Firstly , to achieve change on the scale required , deep‐rooted perennialplants need to be re‐established over a substantial proportion of the landscape . For example , in a survey of ７８ sites revegetatedwith trees in Western Australia , the rate of watertable rise or fall was linearly related ( P ＜ ０ .００１) to the percentage cover ofthe landscape planted to trees ( George et al . , １９９９ ) . On average , revegetation of ～ ２０％ cover was required for watertableequilibrium , and revegetation with about ５０％ cover was required for watertables to fall by ～ ０ .４ m/ yr ( recalculated fromGeorge et al . , １９９９ ) . Using a two‐dimensional hydrological model called Flow tube , George et al . (２００１) , modelled the effectsof the re‐incorporation of different levels of perennial vegetation on the predicted expression of salinity moving up the length ofthree catchments in the Western Australian wheatbelt . Their work suggested that with traditional agricultural practice , ７２‐
９４％ of the valley floor length in each catchment would become saline over the next １００ years . However , even with theincorporation of sufficient perennial vegetation to decrease recharge by ３０‐５０％ , a substantial proportion of the valley floorlength (４０‐６０％ ) would still become saline after １００ years .
Secondly , farmers need to make a living from their land and will only change their farming practices if new industries based on
perennial plants can compete financially with their current annual‐plant based industries ( cereal crops and annual pastures ) .Unfortunately there are no excep tionally attractive industries based around perennial plants for low‐medium rainfall ( ３５０‐５００mm) zones of southern Australia . Because of their mediterranean climate , southern Australian farming systems generally havea fodder deficiency in summer and autumn , and deep‐rooted perennial pasture species have premium value at this time of year .However , even plants that are able to fill this role like lucerne ( Medicago sativ a) , have decreasing economic value to thefarmer as they become incorporated into more than １０‐２０％ of the farm area (Bathgate and Pannell , ２００２ ; Robertson , ２００６) .
Clearly given the above issues , it is unlikely that perennial plants will be adopted into lower rainfall Australian agriculturalsystems on the scale required to reverse the rising watertables that are causing salinity . Farmers therefore need strategies to livewith salinity .
Using saltland plants to lower watertables

Research shows that in the wheatbelt of Western Australia , watertables that rise to ～ ２ .１ m from the soil surface are critical tothe grow th of wheat ( Nulsen , １９８１) . At depths greater than this , the movement of salt towards the soil surface by capillarityis less than its leaching downwards by rainfall and good wheat grow th is possible ; at shallower watertable depths than this , thereverse is true , the land becomes increasingly saline and the grow th of wheat is threatened . This raises the question : canhalophytic plants growing on saltland help draw down watertables to levels where the grow th of a wider range of less salttolerant plants is possible ? In this scenario , the halophytes could be considered to be a kind of �biological pump" .
There is now a range of evidence to suggest that the grow th of some halophytes can sufficiently lower watertables to at least
partly drain saltland in a mediterranean environment . Additional modest drainage using shallow drains to help control flows ofsurface water would further assist with this ( Barrett‐Lennard et al . , ２００５) .
The key factors that will govern rates of water use by halophytic plants on saltland are :
１ .Rates of water use will depend on the amount of transpiring leaf relative to the soil surface area . Stands of small plants atclose spacings can therefore achieve similar rates as large plants at wide spacings .
２ .Soil conditions ( especially levels of salinity and waterlogging ) will affect the amount of leaf relative to soil surface area ( point
１ above) and will therefore also affect rates of water use .
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３ .Rates of transpiration will be affected by evaporative demand . Better soil drying will therefore occur if plants are managed sothat they have a full leaf cover in summer .
４ .Although many halophytes can accumulate salt in their leaves , water will always be taken‐up faster than salt . Salt willtherefore accumulate in the root‐zone in the capillary fringe above the watertable , which may eventually decrease rates ofwater use because of adverse effects on plant grow th and leaf formation ( see point ２ above) .
５ .As watertables are lowered locally beneath individual plants , water will increasingly move laterally along the hydraulic
gradient towards the transpiring plant . Large‐scale watertable drawdown will therefore require large‐scale plantings .
Evidence in support of these�rules of game�comes from the following studies .
１ .Salt accumulation in the root‐zone . Using measurements of salt accumulation in the root‐zone , Barrett‐Lennard and Malcolm
(１９９９ ) estimated that stands of five different saltbush ( A trip lex ) species at spacings varying between １０ ,０００ and １ ,３３３stems per hectare used between ６０ and １００ mm of groundwater over two years . This was an under‐estimate of the rate ofwater use as : ( a) it didn�t take account of the use of rainfall ( ４６０ mm fell over the two year period — use of this water wouldnot have resulted in an accumulation of salt in the root‐zone) , and ( b) it didn�t take account of the increase in salinity of thegroundwater immediately below the plants . Plant spacing and plant species both affected use of groundwater through theireffects on the ratio of leaf weight to soil surface area . Linear relationships between use of groundwater and ratio of leafweight to soil surface area were highly significant ( P ＜ ０ .００１) in both cases .

２ .Measurements o f evapo‐transp iration . Rates of evapotranspiration ( ET ) can be measured directly using ventilated chambersor estimated from the daily rise and fall of watertables beneath stands of perennials . Using these two techniques , Bleby et al .(１９９７ ) estimated rates of ET by stands of tall wheatgrass ( Thinopy rum ponticum ) at ４畅２ mm/day in summer ( potential ET
５ .４ mm/day) and measured rates of ET of １ .３ mm/day in winter ( potential ET ２ .８ mm/day) .

３ .Watertable draw down . In the summer of ２００６ /０７ , watertables became stabilised at a depth of ～ １ .６ m deep beneathrelatively small (２０ m x ２０ m) plot of old man saltbush ( A trip lex nummularia) ; in an adjacent control bore watertableswere ～ １ .１ m deep . In this case the plot was so small that the lateral movement of water into the plot prevented furtherdeclines in watertable depth beneath the plants ( Barrett‐Lennard and Altman , unpublished) . However on another stand inwhich saltbushes were established over many hectares , and lateral intrusion of groundwater beneath the plants was no longeran issue , watertables were drawn down from ～ １ .２ m in summer to ～ ２ .５ m in summer over a period of five years ( Barrett‐Lennard , ２００２) .
In conclusion , the grow th of perennial halophytes can lower watertables sufficiently so that less salt and waterlogging tolerant
plants can be grown adjacent to or as an under‐storey .
Industries for saltland

If partial reclamation of saltland is possible through the grow th of halophytes , how can such revegetation be paid for ? Ideallywe would like to see agricultural industries developed around the use of halophytes so that the environmental benefits ofrevegetation can be achieved through the intervention of farmers .
So what industries can be established using plants grown on saltland ? While several researchers have proposed a range of
products or services that could be developed using salt tolerant plants ( see Barrett‐Lennard , ２０００) , the most extensive industryfor saltland that has developed in Australia is the grazing of sheep on salt tolerant forages . This industry has the advantage thatthe animals process the plants directly into useful products ( meat and wool) , the farmers who seek to become involved alreadyunderstand the industry and have facilities for handling sheep , and the industry has well‐developed markets and a marketing process .
The grazing of sheep directly on halophytic plants has faced three practical problems . The halophytes ( especially A trip lexspecies) produce relatively low yields of leaf , the material has a relatively low digestibility so the net energy that the animalscan gain from the feed is low , and the plants can accumulate such high concentrations salt in the leaves ( ２０‐３０％ of leaf dryweight) that grazing animals will limit their feed intake ( reviewed by Barrett‐Lennard et al . , ２００３ ; Masters et al . , ２００１) .
As a result of these two problems , the saltland grazing industry in Australia went into decline from ～ １９９４ to ２００４ . However ,as the benefits of the halophytes in drawing down watertables and partly restoring the productivity of saltland became evidentanother possibility for saltland pasture design presented itself : why not use halophytes to lower watertables so that less salt andwaterlogging tolerant understorey species could be grown , and graze the sheep substantially on these other species ( Barrett‐Lennard and Ewing , １９９８ ) .
This is now the major approach used today . On saltland in much of the ３００‐５００ mm rainfall zone of southern Australia ,saltbushes ( A trip lex species) are grown primarily as agents of hydrological change . However , the stands incorporate an under‐storey of annual legumes , especially balansa clover ( T ri f olium michelianum ) and burr medic ( Medicago polymorpha) toimprove the nutritive value of the feed on offer . Economic analyses show that these systems can deliver benefits to farmers of
＄ AUS ４０‐８０ / ha/ yr ( Andrew Bathgate , Felicity Byrne , John Young and Ziaul Hoque , pers . comm . , ２００７ ) .
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Recognition of the importance of under‐storey plants in generating economic benefits from revegetation has forced us to considerthe importance of saltland capability assessment . Clearly such under‐storey will best grow on land that is on moderately affectedby salinity and waterlogging . Can we really identify such land ?
Recent research suggests that a reasonably robust saltland capability assessment tool can be based on assessments of the levelsof salinity ( average ECe values) in the upper ２５ cm of the soil profile , the average depth to watertable on saltland and the
presence of plant �indicator species" (Barrett‐Lennard et al . , ２００８ ; Bennett and Barrett‐Lennard , ２００８ ) . The profitability ofthe grazing system will be highest if plantings are confined to land with average ECe values less than ８ dS /m and watertables insummer less than ～ １ m . These sites are indicated by a high cover with annual species like capeweed ( A rctotheca calendula) andannual ryegrass ( Lolium rigidum ) ( Bennett and Barrett‐Lennard , ２００８ ) . Of course , saltbushes will also grow under moresevere conditions ( average ECe values in the range ８‐１６ dS /m and a depth to watertable of ～ １ m in summer) indicated by highcover with cotula ( Cotula coronop i f olia) , slender iceplant ( Mesembryanthemum nodi f lorum ) and annual ryegrass ( Barrett‐Lennard et al . , ２００８ ; Bennett and Barrett‐Lennard , ２００８) , but these pastures are likely to be deficient in energy for grazinganimals and sheep will need to receive an energy supplement of hay or grain .
Mobilising people

Scientific research has its limits . Major change on the ground can only occur if our ideas are adopted by farmers . Many farmersare sceptical about the idea of productive use of saline land . And why should they not be : salinity has been an enemy ofagriculture for thousands of years .
So working in partnership with groups of farmers is critical . Incentive schemes also have their place . In the Sustainable Grazingof Saline Lands initiative that operated between ２００２ and ２００７ , farmer groups were offered the chance to conduct an�experiment" on their own land ; we offered the farmers some technical assistance , some financial support ( sufficient to coverabout ５０％ of their costs in trialling the saltland pasture) . Over １２０ sites were supported across the four southern States ofAustralia . Not surprisingly , the results were variable : results on some sites were affected by factors that we had no controlover‐drought occurred in eastern Australia and some sites were affected by plague locusts . Nevertheless the program had theeffect of �kick‐starting" a major change in attitude across Australia in terms of what could be possible for saltland ( Barrett‐Lennard et al . , ２００５ ) . These incentive schemes are now being continued by the Western Australian Saltland PasturesAssociation , a farmer group promoting saltland pastures , working in collaboration with the Avon Catchment Council , one ofWestern Australia�s major regional authorities concerned with natural resource management .
Future research

Australian researchers from the Future Farm Industries Cooperative Research Centre ( FFICRC ) believe that furtherdevelopment of this saline agricultural system is possible . Over the next six years we will investigate two further areas indevelopment of the saltbush/ annual legume under‐storey system .
瞯 Bio‐economic modelling by O�Connell et al . ( ２００６ ) has suggested that the economic gains associated with the grow th ofsaltbush species will double if the digestibility of the feed on offer can be increased by ～ １０％ . The FFICRC has thereforeassembled a major collection of A trip lex nummularia germplasm from throughout southern Australia (２７ provenances from
３ sub‐species) . Over the next six years , this material will be screened at four sites for productivity and morphological andbiochemical traits associated with improved nutritive value . Our aim is to commercially release clones of the best materialwithin three years .

瞯 Both our current major under‐storey species ( burr medic and balansa clover ) have limitations in terms of their tolerance tocombinations of salinity and waterlogging ( Nichols et al . , ２００７) . Attention has now moved towards Melilotus siculus whichhas tolerance to both these traits . However , the application of M . siculus may be limited in the field by its ability to fixnitrogen over the relevant range of soil conditions and salinity stresses . Research is therefore focusing on the selection of elitestrains of root nodule bacteria ( Rhizobium) that can be reliably introduced , and that will persist and effectively fix nitrogen .
Acknowledgements

The development of saline agricultural systems in Australia was the lifetime quest of the late Clive Malcolm who pioneered thiswork for ５０ years . I am also grateful for the more recent contributions of many other colleagues from the Cooperative ResearchCentre for Plant‐based Management of Dryland Salinity . Financial assistance for our work came from the Sustainable Grazing onSaline Lands initiative , an activity within the Land , Water and Wool Program , which was supported by Australian WoolInnovation Ltd , Meat and Livestock Australia , Land and Water Australia and the Cooperative Research Centre for Plant‐basedManagement of Dryland Salinity . We also received important support from a number of farmer partners .
References

Barrett‐Lennard , E .G . , ２０００ . Salt of the Earth : time to take it seriously . In : The Food and Env ironment T ightrope ( ed . H .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]719　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Reclamation of Grasslands/Rangelands

Cadman) . Proceedings of a seminar conducted by the Crawford Fund for International Agricultural Research , ParliamentHouse , Canberra , ２４ November , １９９９ . Monograph No ６３ , Australian Centre for International Agricultural Research , pp .
１３５‐１４５ .Barrett‐Lennard , E .G . , ２００２ . Restoration of saline land through revegetation . A gricultural W ater Management , ５３ , ２１３‐
２２６ .Barrett‐Lennard , E .G . , ２００３ . The interaction between waterlogging and salinity in higher plants : causes , consequences andimplications . Plant and Soil , ２５３ , ３５‐５４ .Barrett‐Lennard , E . , Ewing , M . , １９９８ . Saltland Pastures ? They are feasible and sustainable — we need a new design . In :
Proceedings o f the 5th National Con f erence on Productive Use and Rehabilitation o f Saline L ands , １０‐１２ March ,Tamworth , pp . １６０‐１６１ .Barrett‐Lennard , E .G . , Malcolm , C .V . , １９９９ . Increased concentrations of chloride beneath stands of saltbushes ( Atriplexspecies) suggest substantial use of groundwater . Australian Journal of Experimental Agriculture , ３９ , ９４９‐９５５ .Barrett‐Lennard , E .G . , Malcolm , C .V . , Stern , W .R . , Wilkins , S .M . , １９８６ . Forage and Fuel Production from SaltAffected Wasteland . Elsevier , Amsterdam , ４５９ pp .Barrett‐Lennard , E .G . , Malcolm , C .V . , Bathgate , A . , ２００３ . Saltland Pastures in Australia — a Practical Guide , SecondEdition . Sustainable Grazing of Saline Lands ( a sub‐program of Land , Water and Wool) , １７６ pp .Barrett‐Lennard , E .G . , George , R .J . , Hamilton , G . , Norman , H . , Masters , D . , ２００５ . Multi‐disciplinary approachessuggest profitable and sustainable farming systems for valley floors at risk of salinity . Australian Journal of ExperimentalAgriculture , ４５ , １４１５‐１４２４ .Barrett‐Lennard , E . , Mason , W . , Hannon , F . , Powell , J . , Munday , B . , ２００５ . Australia�s sustainable grazing on salinelands initiative : creating attitudinal change on a grand scale . In : Proceedings o f the International Salinity Forum , ２５‐２８April , Riverside , California .Barrett‐Lennard , E .G . , Bennett , S .J . , Altman , M . , ２００８ . The survival and early grow th of perennial halophytes can bepredicted using measurements of soil salinity and depth to the watertable International Salinity Forum , Adelaide ( In Press) .Bathgate , A . , Pannell , D . J . , ２００２ . Economics of deep‐rooted perennials in western Australia . A gricultural W ater
Management , ５３ , １１７‐１３２ .Bennett , S .J . , Barrett‐Lennard , E .G . , ２００８ . Incorporating indicator species into predictions of watertable depth and soilsalinity levels for land capability assessment . International Salinity Forum , Adelaide ( In Press) .Bleby , T .M . , Aucote , M . , Kennett‐Smith , A . K . , Walker , G . R . , Schachtman , D . P . , １９９７ . Seasonal water usecharacteristics of tall wheatgrass [ A gropy ron elongatum ( Host ) Beauv .] in a saline environment . Plant , Cell and
Env ironment , ２０ , １３６１‐１３７１ .George , R .J . , Nulsen , R .A . , Ferdowsian , R . , Raper , G .P . , １９９９ . Interactions between trees and groundwaters inrecharge and discharge areas — A survey of Western Australian sites . A gricultural W ater Management , ３９ , ９１‐１１３ .George , R .J . , Clarke , C .J . , Hatton , T . ２００１ . Computer‐modelled groundwater response to recharge management fordryland salinity control in Western Australia . A dvances in Env ironmental Monitoring and Modelling , ２ , ３‐３５ .Ghassemi , F . , Jakeman , A .J . , Nix , H .A . , １９９５ . Salinisation of Land and Water Resources : Human causes , extent ,management and case studies . University of New South Wales Press L td , Sydney , ５２６ pp .Hatton , T .J . , Nulsen , R .A . , １９９９ . Towards achieving functional ecosystem mimicry with respect to water cycling insouthern Australian agriculture . Agroforestry Systems , ４５ , ２０３‐２１４ .Malcolm , C .V . , Swaan , T .C . ,１９８９ . Screening shrubs f or establishment and surv iv al on salt‐af f ected soils in south‐western
A ustralia . Technical Bulletin ８１ , Department of Agriculture of Western Australia , South Perth , ３５ pp .Masters , D .G . , Norman , H .C . , Dynes , R .A . , ２００１ . Opportunities and limitations for animal production from saline land .
A sian‐A ustralian Journal o f A nimal Science , １４ , １９９‐２１１ .National Land and Water Resources Audit , ２００１ . Australian Dryland Salinity Assessment ２０００ . Extent , impacts , processes ,monitoring and management options . Land and Water Australia , Canberra , Australia .Nichols , P .G .H . , Craig , A .D . , Rogers , M .E . , Albertsen , T .O . , Miller , S . , McClements , D .R . , Hughes , S .J . , D�Antuono , M .F . , Dear , B .S . , ２００８ . Production and persistence of annual legumes at five saline sites in southern Australia .
A ustralian Journal o f Ex perimental A griculture , ４８ ( in press) .Nulsen , R .A . , １９８１ . Critical depth to saline groundwater in non‐irrigated situations . A ustralian Journal o f Soil Research ,
１９ , ８３‐８６ .O�Connell , M . , Young , J . , Kingwell , R . , ２００６ . The economic value of saltland pastures in a mixed farming system inWestern Australia . A gricultural Systems , ８９ , ３７１‐３８９ .Robertson , M . , ２００６ . Lucerne prospects : drivers for widespread adoption of lucerne for profit and salinity management .Cooperative Research Centre for Plant‐based Management of Dryland Salinity , Perth , ６０ pp .Rogers , A .L . , Bailey , E .T . , １９６３ . Salt tolerance trials with forage plants in south‐western Australia . A ustralian Journal o f
Ex perimental A griculture and A nimal Husbandry , ３ , １２５‐１３０ .Teakle , L .J .H . , Burvill , G .H . , １９４５ . The management of salt lands in Western Australia . Journal o f A griculture o f
Western A ustralia , ２２ , ８７‐９３ .



瞯 ]720　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Reclamation of Grasslands/Rangelands

Restoration of desertified grassland and challenges in northern China — for the possibility of
sustained desertification reversion
Xue‐yong Zhao , H a‐lin Zhao , X iao‐an Zuo , Y a‐yong Luo , Shao‐kun W ang ,倡 Zhi‐qiang Kou ,H ao Qu
Naiman Deserti f ication Research Station , CERN , L anz hou 730000 ,倡 Inner Mongolia H ydrological Research Institute ,
Hohhot , 010000 , nmz haoxy＠ cern .ac .cn

Key points : There is about ０ .３９ billion ha of grassland in China , covering about ４０％ of the country�s land , of which ５２％ is inthe western five provinces . However , about ７０％ of the grassland is desertified due to climate and land use changes . Throughmore than ５０ years of efforts in combating desertification , grassland desertification was reversed in northern China , particularlyin Horqin Sand Land of Inner Mongolia .
Research in Horqin Sand Land showed that desertification of grassland has been reversed since the middle of the １９８０s .Reversion occurs over a much longer time period than degradation and the restoration of grassland function is far slower thanthat of grassland vegetation characteristics , such as height and coverage . However , this reversion is challenged by severalfactors , such as reduction of water availability and increasing land use change .
Key words : grassland , desertification , climate change , land use change , reversion
Introduction

Grassland is one of the important biomes in the world , and it has nourished not only lives , but also different cultures in the longhistory of its succession . However , grassland has been rapidly decreased due to degradation caused by climate change andhuman activity ( UNEP , １９９７) .
China is one of the countries in the world with the largest grassland . The total grassland in China is about ３９０ million hm２ ,covering about ４０％ of the country�s land ( Q . Zhang , etc . , １９９８ ) , and about ５２％ of the grassland is distributed in InnerMongolia , Gansu Province , Qinghai Province , Xinjiang Uyur Autonomous Region and Tibet . However , grassland has beenseverely degraded in the last century threatening about １２０ million people and more livestock , and unknown wild species ( ZhaoHalin , ２００４) . The agro‐pastoral transitional area , covering ０ .８０‐１ .００ million km２ in northern China has been identified as oneof the areas of high risk of desertification due to its ecological fragility .
In the last ５０ years , the Chinese Central Government and local organizations have made a great effort in restoration of degradedgrassland . However , the general trend of desertification expansion has not changed . That is why people persistently ask howdesertification has changed and what are the challenges or obstacles to the reversion of grassland desertification now and in theforeseeable future . These questions on desertification in Northern China were discussed with Horqin Sand Land as a case studyin this article .
Horqin Sand Land is a typical agro‐pastoral transitional area , located in the northeastern part of Inner‐Mongolia of China . Thelandscape is mainly characterized with gently undulating sandy land dotted with various sizes of dunes , meadows andfarmlands . The zonal soil is chestnut , but it is almost replaced with eolian sandy soil due to desertification . The undergroundwater table is ２‐５ m . The aboriginal vegetation is tree‐scattered steppe , but now , mostly replaced by psammophytes .Desertified land was increased from ２０％ of the total land in the １９５０s to ５３％ in the １９７０s and ７０％ in the １９８０s . In the past
４０ years , approximately ４００ ,０００ ha grassland and ２７０ ,０００ ha farmland had been buried under drif ting sand in TongliaoPrefecture , which covers about ５６％ of Horqin Sand Land . Monitoring has found that desertification , as a whole , in HorqinSand Land has been revered since １９８７ . However , this reversion is challenged by the reduction of water availability , degradedvegetation components and function .
Materials and methods

Data of grassland and desertification changes and sand and dust storms are from the database of Naiman DesertificationResearch Station , Chinese Ecosystems Research Network ( CERN ) . Vegetation data is from the Grazing Experiment . MSExcel ２００３ and SPSS １１ .４ were used to analyze the data .
Results
Grassland Distribution in China

As mentioned above , China is one of the countries with the largest grassland in the world . However , grassland distribution isvery diverse , about ５２％ of the grassland is distributed in the five western provinces , such as Inner Mongolia , Gansu , Ningxia ,Xinjiang and Tibet . Inner Mongolia has the largest area of grassland . Of this grassland , about ７０％ has been degraded due to
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overgrazing and fuel wood harvesting ( Liu Xinming , etc . , １９９３ ) .
This distribution pattern means that grassland is mainly distributed in the arid and semi‐arid and sub‐humid area of China andthis puts the grassland ecosystems into severe risk of high fragility . Since the late １９

th century , cropland has invaded thefrontier of grassland , the agro‐pastoral area , and this invasion has been identified as one of the primary forces leading todesertification ( Zhu Zhenda , １９９４ ; Zhao Halin , ２００４ ) .
Grassland Degradation

It is calculated that desertified land covers about ７４０ ,０００ km２ in China and is expanding at an annually averaged rate of １ ,５６０km２ in the period of １９５０摧s to １９７０摧s , ２ ,１００ km２ f rom １９７０摧s to late １９８０摧s , and ２ ,４６０ km２ in the period from １９８０摧s to
１９９０摧s , as well as‐１２５０ km２ f rom ２００１ to ２００４ ( Zhu Zhenda , １９８９ ; １９９４ ; Wang Tao , ２００３ ; Wu Wei , １９９７ ; ２００１ ; NationalForestry Administration , ２００５) . About ５０％ of the desertified land is from grassland degradation in the five provinces due toover‐grazing , cropland invasion into grassland , fuel wood collection and misuse of water .

Figure 1 Deserti f ied land change in Horqin Sand L and (Wu Wei , 2001) .

Horqin Sand Land is once one of the four larger grasslands in Inner‐Mongolia . However , according to Wu Wei (２００１) , it wentthrough a phase of rapid desertification from １９５９ to １９８５ . Since １９８７ , desertification has been reversed from ６１ .０１ thousandkm２ to ５０ .２ thousand km２ in ２００２ ( Figure １ ) . This reversal is being questioned , given the recent increase in the frequency ofsand and dust storms and decreased water availability ( Zhaohua Huang , １９９７ ; Xueyong Zhao , ２００１) .
Causes of Grassland Degradation It is impossible to quantify the historic causes of desertification . Fortunately , there is a seriesof records of sand and dust storm frequencies and population change in the history of China .

Figure 2 Population and dust storm changes ( le f t , SD ＝ sand & dust ) and land use change ( right , redrawn f rom Gao
Qinghua , etc . , 1994) in China .

Figure ２ ( lef t ) shows a close relation between the population and sand and dust storm frequency . Is this relation just ahaphazard or reflection of the inner characteristics of these two parameters ?More data and research are needed .
Figure ２ ( right) shows the land use change in China since the Xizhou and Xihan Dynasty (２０６b .c .‐a .d . ２２０ ) . It is clear thatcropland in the Early Xihan was distributed in the Middle of the Eastern Part of China and then expanded to the large areabetween the Huanghe and Yangtze River and westwards to Southern Xinjiang in the middle of the Han Dynasty . This coincideswith the facts of expansion of desert and desertified land in Xinjiang . In the Sui and Tang Dynasty ( ５８１‐９０７ ) , croplandextended further to the Southern Part of China and in the Ming Qing Dynasty , cropland was expanded to the northeastern part
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of China and Northern Xinjiang . Since the early of last century , cropland has extended even far northwards into the grasslandof Inner Mongolia , which is more fragile to human activity . As one of the results , cropland land in Horqin Sand land accountsfor ３６％ of the total of Inner Mongolia . This change in land use has made this area into a part of the most severely desertifiedland during the period of １９５０s to １９８０s and it has become the leading cause of the reduction of water availability and the topchallenge to desertification reversion in this region ( Zhao Xueyong , ２００１) .
Climate Change

Figure ３ showed that in the past ４０ years , the air temperature has increased by about ０ .６‐０ .９８ ℃ , and the annual meanprecipitation has reduced by ５０‐１８０ mm in Horqin Sand Land , particularly since １９９９ . This change has greatly reduced thewater availability , characterized with drying‐up of the West Lakes and Xiliao River and the reduction of underground water by
２ .４ to ４ .６ m (Zhao Xueyong , ２００１) . It also clearly showed that there is a general trend of aridification in Horqin Sand Landsince the late １９９０s . This trend has impacted severely on the ecosystems and socio‐economic activities .

Figure 3 Changes o f annual p recip itation and air temperature in Horqin Sand L and ( Data f rom Naiman Deserti f ication
Research Station) .

Restoration of Degraded Grassland

China has put the greatest efforts in desertification control , including promoting desertification research and related techniquesfor shif ting dune fixation and strategies for sustainable land use . The most influential effort is implementation of the national
projects �Re‐afforestation in the Northwestern , Northern and Northeastern Part of China�, known as the�Three Northes Re‐afforestation�Project , and �Restoration of Cropland into Grassland or Woodland Project�. In the past ２０ years , the �ThreeNorthes Re‐afforestation�Project has planted ２５ .１６ million ha of trees and bushes , and about １ .５ million ha of grassland wasprotected and ３０ .０３ million ha of degraded grassland restored from １９９９ to ２００４ . Inner Mongolia has also restored ２ .４４ millionha of cropland into grassland . In addition to these projects , the Chinese government has made a series of laws to enhance and/or secure desertification control , such as the Soil and Water Conservation Law , Forest Law , Law of Desertification Preventionand Control , and Grassland Law . Horqin Sand Land is one of the first places that is implementing these projects and adoptingthe related laws .
Monitoring has shown that grassland has only changed slightly between １９８０ and ２００４ in Gansu , Qinhai , Xinjiang and Tibet .However , it has increased from ０ .７９ million hm２ in １９８０ to ０ .８９ million hm２ in Inner Mongolia . This increase is mainlyattributed to the implementation of the project摧s restoration of cropland into grassland and/or woodland . For example , about
２３ .０ thousand km２ cropland was restored into grassland from １９９９ to ２００２ in Inner‐Mongolia .
However , either in the restored grassland or abandoned cropland , vegetation restoration needs a long time and is influenced byvarious factors . Figure ４ ( lef t ) presented the results of a grazing experiment . This experiment includes one control of nograzing ( NG) , one heavy grazing ( HG) , one moderate grazing ( MG) and one light Grazing ( LG) . From １９９１ to １９９６ , thesethree treatments were applied . Since １９９６ grazing was prohibited and the grasslands were restored . From Figure ４ , it is clearthat the vegetation height was gradually restored after grazing was excluded but has declined since １９９９ when this area sufferedfrom drought . Those of the heavily grazed , moderately grazed and slightly grazed treatments decreased from １９９１ to １９９６ , andthen were restored after grazing was excluded in １９９６ ( Zhao Halin , ２００４) .
After ２０‐years of restoration , the vegetation change of the control represented the natural restoration process of the degradedgrassland . It is interesting that Ulmus pumila , one of indicative aboriginal species in the region , has been gradually restored .But this restoration is challenged by the evidence that productivity has consistently decreased from about ５００g /m２ in １９３７ , to
３７０ g /m２ in １９８２ , ２２０ g /m２ in １９９３ and to １９２ g /m２ in ２００２ ( Figure ４ right) ( Zhao Xueyong , ２００７) .
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Figure 4 Height Change o f Restored G rasses ( le f t) in G raz ing Ex periment Sites and aboveground biomass ( right) in Horqin
Sand L and .

Discussion

Grassland covers about ０ .４ billion ha in China , and about ５２％ of this grassland is distributed in Inner Mongolia , Gansu ,Ningxia , Xinjiang and Tibet . This distribution pattern puts grassland ecosystems into a high risk of degradation , with about
５０％ of the grassland in theses provinces degraded .
China has put a great effort into combating desertification , and have been rewarded by local restoration of degraded ecosystems ,however as a whole , desertification is still expanding at an arguable rate . Ecological vulnerability of northern China is theleading factor of desertification ; however , problems in the implementation of the laws and projects that are aimed at reversingdegradation are obstacles to progresses in desertification prevention and control . The growing population and the expectation ofthe locals for growing capital income are also driving forces to challenge combating desertification in northern China ( SaraBrogaard , ２００２) .
Restoration of the degraded ecosystems should include the restoration of both composition and function , such as diversity andbio‐productivity , of the ecosystems . Taking the reduction of water availability and bio‐productivity into consideration , clearly ,desertification reversion in Horqin Sand Land means only restoration of vegetation cover ( Zhao Xueyong , ２００１ ; ２００７ ) . Eventhis restoration strongly showed the potential of natural restoration of degraded grassland ecosystems driven by the annual
precipitation of ３００‐５００ mm ( Xueyong Zhao , ２００１ ) . That is why research‐based objective assessment of the restoration ofdesertified land and the development of a set of indicators for this assessment has become the top two issues in desertificationresearch and desertification prevention in grassland ecosystems .
The emergence of Ulmus pumila in the controlled grazing experiment showed the potential and possibility of natural restorationof the degraded grassland to its original state or near‐original state ( Zuo Xiaoan , ２００７ ) . It seems clear that improper humaninterference is the key obstacle to restoration of grasslands to their near‐original states , as a whole , in China , and how to getsustained reversion of desertification will be the impending challenge that faces both the researchers and decision makers .
Conclusions

From the above , it is tentatively concluded that China has the largest area of grassland in its western , northern andnortheastern part , but about ７０％ the grassland has been desertified . In the past ５０ year , China has made some progresses incombating desertification of grassland through restoration of desertified grassland , particularly in the region of annual
precipitation of ２００ to ５００ mm . But the progress has been challenged or even compromised .
These challenges were mainly caused by the problems of inappropriate land use driven by the ever‐lasting increase in
population , and expectation of the locals for growing capital income , in addition to the high ecological vulnerability of theecosystem .
Through more than ５０ years of efforts in desertification control and rationalization of land use , desertification in Horqin SandLand was reversed . But reduction of the water availability and nearly stagnant restoration of the degraded ecosystem functionand diversity , compared to the degradation process , leave several key issues for researchers and decision makers .
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Zoning of risk of death of Brachiaria brizantha in the State of Acre , Brazil
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Introduction The establishment of cultivated pastures is the main cause of deforestation in the Brazilian Amazon . In Acre ,cultivated pastures represent ８２ .５％ of the total area deforested ( ACRE , ２００６) . Since １９９４ , farmers in the Brazilian Amazonstarted to observe the death of marandugrass ( Brachiaria briz antha) in some pastures under poorly‐drained soils , a processthat have caused widespread degradation of pastures in the region ( Andrade & Valentim , ２００７ ) . The objective of this studywas to define zones of risks of death of marandugrass as a support decision tool for policymakers and farmers in dealing withthis problem in the Brazilian Amazon .
Materials and methods In ２００６ the Government of Acre concluded the State摧s Ecologic and Economic Zoning ( ZEE Acre) in the
１ :２５０ ,０００ scale integrating studies of natural resources , socioeconomic , cultural and policy aspects ( ACRE , ２００６) . The soil摧sdata bank of ZEE Acre was structured based on ２３０ soil profiles containing morphologic , physical , chemical and mineralogicalattributes . This data bank associated with the map of soils of Acre was used as the basis for the zoning of edaphic risk of deathof marandugrass . Previous studies indicated that this syndrome was associated with plintic soils with low permeability
( Valentim et al . , ２０００ ) . Therefore , the following soil attributes that contribute to low permeability and hidromorphismconditions were selected to define zones of risk of death of marandugrass : plintite , drainage , depth of horizon A , depth ofsolum , silte content in horizon A , clay activity in horizon A , carbon content in horizon A , content of iron oxides in horizon A ,content of iron oxides in horizon B and clay activity in horizon B . These parameters were treated within the same mapping unitwith a ponderated mean and were reclassified to generate the map of indexes of risk of death of marandugrass . In order toimprove visual comprehension of the results , this map was reclassified in the following categories : extremely low risk ; lowrisk ; moderate risk ; high risk ; very high risk ; and extremely high risk . Field validation of the map was carried out during therainy season by crossing the different categories of the map of risk with visual evaluation of marandugrass in the different soilmapping units .

　 　 Figure 1 Syndrome o f death o f marandugrass risk map f or the
State o f A cre , Braz il (scale 1 ∶ 250 ,000) .

Results and discussion The results indicate that theState of Acre has the following proportions of itsterritory in the different categories of risk of death ofmarandugrass : ３ .１％ with extremely low risk ; ３ .
５％ with low risk ; ４６ .６％ with moderate risk ;
２３畅８％ with high risk ; ５ .６％ with very high riskand １７ . ５％ with extremely high risk . Fieldvalidation of the resulting map of risk confirmed thatall areas classified with moderate risk or above
presented symptoms of the syndrome of death ofmarandugrass .
Conclusions Soil attributes that contribute to low
permeability can be effectively used to identify areassuitable or unsuitable for the establishment ofmarandugrass pastures or areas already establishedwith this grass cultivar which are under moderate toextremely high risk of degradation . The zoning ofrisk of death of marandugrass is an excellent supportdecision tool to help policymakers and farmers indealing with this problem in the Brazilian Amazon .
ReferencesACRE . Governo do Estado do Acre . ２００６ . Programa Estadual de Zoneamento Ecológico‐Econ蹦mico do Acre Fase II .Documento síntese Escala １ :２５０ .０００ . Rio Branco :SEMA . ３５０ p .Andrade , C .M .S . , Valentim , J .F . ２００７ . Síndrome da morte do capim‐brizant本o no Acre : caracterí sticas , causas e s olu毕泵estecnológicas . Rio Branco :Embrapa Acre ,４０ p . ( Embrapa Acre . Documentos , １０５) .Valentim ,J .F . ,Amaral ,E .F . ,Melo ,A .W .F . Zoneamento de risco edáfico atual e potencial de morte de pastagens deBrachiaria brizantha no Acre . Rio Branco : Embrapa Acre , ２０００ . ２６p . ( Embrapa Acre . Boletim de Pesquisa , ２９) .
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Induced plant succession as a strategy to reclaim degraded pastures in the Brazilian Amazon
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Introduction Succession , the change in botanical composition over time , is currently a subject of great importance in bothnatural and sown pastures ( Tow & Lazenby , ２００１ ) . In sown pastures , scientists worldwide have been working hard toovercome and prevent degradation and to improve long‐term performance of these pastures , almost always by using techniquesto help stop plant succession ( e .g . avoiding weed invasion) . However , plant succession can also be induced by human actionsto improve pasture performance and sustainability ( e .g . overseeding of legumes) .
During the ８０摧s and ９０摧s marandugrass ( Brachiaria briz antha cv . Marandu ) was widely planted in Brazil to substitutesignalgrass ( B . decumbens ) and B . humidicola pastures suffering from spittlebug attack . However , when planted in poorlydrained soils , marandugrass started to die due to its low adaptability to waterlogging , which predisposes the plant to infectionby some soil phytopathogenic fungi ( Andrade & Valentim , ２００７ ) . When marandugrass started to die in mixed pastures with
B . humidicola , signalgrass or tropical kudzu ( Pueraria phaseoloides ) , these species progressively dominated the sward , aplant succession that prevented weed invasion in these pastures . Farmers initially viewed this process as those plants killingmarandugrass . Researchers viewed this kind of plant succession as an excellent opportunity to reclaim degraded monocultures ofmarandugrass in poorly drained soils .
In this work we describe the development of a pasture reclamation strategy , based on plant succession , which is now helpinghundreds of farmers to reclaim degraded marandugrass pastures in the Western Brazilian Amazon .
Materials and methods From １９９８ to ２００４ , a team of pasture scientists of Embrapa Acre interacted with some farmers in theState of Acre to establish participatory on‐farm trials to validate and generate technical coefficients of a new pasture reclamationtechnique . This involved manual planting of stolons of one or more forage species into the empty spaces lef t in the pasture soonafter the death of marandugrass tussocks . Soil preparation or fertilization was not applied . The species tested were B .
humidicola , african stargrass ( Cynodon nlem f uensis ) , tannergrass ( B . arrecta) , tangolagrass ( B . arrecta x B . mutica) andforage peanut ( A rachis p intoi cv . Belmonte) .
Results and discussion This method of pasture reclamation was successfully applied , especially in the beginning of the pasturedegradation process ( low weed percentage) . Once established , the stoloniferous species were able to gradually colonize newbare areas lef t by the death of marandugrass plants and to efficiently prevent weed infestation . Generally , three to five years arenecessary for a complete colonization of the sward ( plant succession) . Some advantages of this technique are : １) its low cost ,since only manual labour (８ to １２ man‐days/ ha) are involved during two to three rainy seasons ; ２ ) the soil is not exposed toerosion ; and ３) grazing is not interrupted . Because of the moderate to high fertility of these poorly drained soils , fertilizationhas not been used . Some lessons were learned during the development of the technique : a ) plant succession is faster when
pasture is intermittently stocked ; b) the process is cheaper and faster when started soon after marandugrass begin to die ; c)pasture colonization by grasses , especially African stargrass , is faster when tropical kudzu previously dominated the sward ; andd) forage peanut is the most efficient specie to colonize sites dominated by the grass weed Pasp alum conj ugatum . Thistechnique has been called �ecological pasture reclamation" and is now helping small , medium and big farmers to overcome thesyndrome of death of marandugrass in the Western Brazilian Amazon . It has been successfully applied also to pastures sufferingfrom repeated spittlebug attack .
Conclusions Plant succession in sown pastures can be induced by planting stoloniferous forage species in situations where theoriginal forage specie has problems with diseases , pets or poor environmental adaptation .
ReferencesAndrade , C .M .S . , Valentim , J .F . ２００７ . Síndrome da morte do capim‐brizant本o no Acre : caracterí sticas , causas e solu毕泵estecnológicas . Rio Branco :Embrapa Acre ,４０ p . ( Embrapa Acre . Documentos , １０５) .Tow , P .G . , Lazenby , A . ２００１ . Competition and succession in pastures — some concepts and questions . In : Tow , P .G . ,Lazenby , A . ( ed .) Competition and succession in pastures . New York : CABI Publishing , １‐１３ .
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Introduction Brachiaria briz antha cv . Marandu ( marandugrass) is well adapted to deep and well drained soils with medium tohigh fertility . Since its release in １９８４ , the high speed of establishment , resistance to spittlebug , vigorous plant regrow th ,high forage yield and quality led to rapid adoption of this grass by farmers throughout Latin America . This resulted in over ６０million hectares of marandugrass pastures in Brazil , w ith more than ５０％ in the Legal Brazilian Amazon . In １９９４ , farmers ofAcre began to observe the death of marandugrass plants in some pastures ( Valentim et al . , ２０００) . The problem has also beenreported in other regions of Brazil ( Teixeira Neto et al . , ２０００ ) . Since ２０００ , the seriousness of the problem led the BrazilianAgricultural Research Corporation ( Embrapa) to establish a multidisciplinary research task force to identify the causes anddevelop solutions for this problem . In this paper we describe the results of these studies .
Materials and methods During ２０００ research specialists from Embrapa in the areas of soils , pastures , plant pests and diseasesconducted several field expeditions in the Brazilian Amazon to diagnose the Syndrome of Death of Marandugrass‐SDM . Thesestudies were conducted in healthy and unhealthy pastures and consisted of : １ ) soil physical and chemical characterization ; ２ )evaluation of root distribution and biomass in the soil profile ; ３ ) investigation of possible plant pests and pathogens ; and ４ )evaluation of nutrient content in aboveground biomass . Besides that , greenhouse studies were conducted in order to evaluate
physiological and morphological responses of this grass to flooding ( Dias‐Filho & Carvalho , ２０００ ) and to somephytopathogenic fungi isolated from diseased marandugrass plants (Duarte et al . , ２００７) .
Results and discussion Low soil fertility and pest problems were not involved with the syndrome . Field and greenhouse studiesconfirmed that the lack of adaptation of marandugrass to waterlogged soils is the triggering factor of the SDM , predisposing the
plants to attack by soil phytopathogenic fungi of the genus Rhizoctonia , Fusarium and Pythium ( Andrade & Valentim ,
２００７) . The solution for this problem has been the use of other grass and legume cultivars adapted to low permeability orwaterlogged soils and resistant to the pathogens involved with the syndrome . The association of the SDM with poorly drainedsoils allowed the zoning of the risk of death of marandugrass in the State of Acre ( Amaral et al . , ２００８) . Simple and low costmethods has been developed to reclaim degraded marandugrass pastures ( Andrade & Valentim ,２００８) .
Conclusions The syndrome of death of marandugrass occurs when this cultivar is established in low permeability soils , acondition which affects plant physiology , morphology and metabolism and predisposes the stressed plants to the attack of soil
phytopathogenic fungi .
ReferencesAmaral ,E .F . ,Valentim ,J .F . ,Lani ,J .L . ,Bardales ,N .G . ;Araújo ,E .A . ,Andrade ,C .M .S . ２００８ . Zoning of risk ofdeath of Brachiaria brizantha in the State of Acre , Brazil . In : Proceedings o f the X X I International G rassland Congress ,Hohhot , submitted .Andrade , C .M .S . , Valentim , J .F . ２００７ . Síndrome da morte do capim‐brizant本o no Acre :caracterí sticas ,causas e solu毕泵estecnológicas . Rio Branco :Embrapa A cre , ４０ p . (Documentos , １０５) .Andrade , C .M .S . , Valentim , J .F . ２００８ . Induced plant succession as a strategy to reclaim degraded pastures in the BrazilianAmazon . In : Proceedings o f the XX I International G rassland Congress , Hohhot , submitted .Dias‐Filho , M .B . ; Carvalho , C . J .R . ２０００ . Physiological and morphological responses of Brachiaria spp . to flooding .
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Plant functional groups composition associated to management practices in temperate natural
grasslands (Flooding Pampa , Argentina)
A gnusdei M .G .1 , Fernández O .2 , Colabelli M .2 , Vázquez P .1 , V ignolio O .2 , Fernández Grecco R .C .1
1 Instituto Nacional de Tecnología A gropecuaria ( IN TA ) . 2 Fac . Ciencias A grarias , Univ . Nac .Mar del Plata . CC 276 .
7620 Balcarce . A rgentina . magnusdei＠ balcarce .inta .gov .ar

Key words :C３ /C４ species , Flooding Pampa , glyphosate , stocking rate , temperate natural grasslands
Introduction The natural grasslands of the Flooding Pampas are characterized by a yearlong coexistence of C３ and C４ species . Inthe last decade there was a ２‐fold increase in stocking rates above the historical levels as a consequence of the agricultural
pressure . In addition , a technique called �annual ryegrass promotion" is being fostered to increase cool season herbageproduction . It is based on prescribed applications of glyphosate for removing the interference of C４ vegetation to theestablishment of over‐sown or seed‐bank resident �annual ryegrass" At present , there is concern about the impacts of bothdriving forces for the ecosystem function . Our purpose was to carry out a vegetation inventory to diagnose the status ofrepresentative grassland types as related to the degree of modification generated by grazing and by the intensity of �promotion" .
Materials and methods Data were collected from February to June ２００７ , ３１ vegetation stands being sampled along a E‐NW
geomorphological gradient . Two landscape positions defined with GIS support were selected : ４０‐５０％ ( Site L ) and ３０％ ( SiteH ) water lodging risk (Vázquez et al . ,２００７) . A multi‐scale botanical composition sampling was achieved in nested areas alonga randomly placed ６４m transect . Botanical composition and species functional groups ( annual C３ and C４ grasses , perennial C３and C４ native grasses‐PC３ and PC４‐ , dicots and legumes‐Leg‐) contribution to total aerial biomass were estimated . ANVA andcurve fitting was performed to data .

　 　 Figure 1 Functional groups abundance ( ％ aerial biomass ) and degree o f
modi f ication .‐1 and 1 denote oldest �p romotions" and less stocked natural
grasslands .

Results and discussion Lowest speciesnumber (１９ .７ ± ５ .０ ) were observed forthe oldest �p romotions " ( １０‐１１consecutives) , no significant differencesbeing detected between naturalgrasslands ( NG ) , abandoned�p romotions " ( Abn ) and ３ to ７consecutive �p romotions" ( ４０ .８ ± ８ .５ ,
３８ . ０ ± ８ . ２ and ２９ . １ ± ８畅９ ,respectively ) . Botanical compositiondiffered between vegetation groups :�p romotions" , annual ryegrass ＞ ８０％ ;Abn , perennial native grasses ≌ １５％ ;NG , perennial native grasses ≌ ５０％ . Adimensionless classification of the degreeof modification ( Dm ) was achieved :
�Promotions" ,‐y( i) / y( max ) （y ＝ years ofconsecutive �promotion " ; negative xvalues in Figure １ ) ; the rest , ＃ PC３ ( i) /
＃ PC３ ( max ) ( PC３ ＝ perennial C３ grasses ;positive x values in Figure １) , accordingto Agnusdei et al . (１９８９) and Jacobo et al . ( ２０００ ) . �Promotion" abandonment would lead to an increase of PC４ （１１％ perunit Dm) and no significant response of PC３ . This suggests a greater sensibility of the soil propagation bank ( seeds , vegetativeorgans) with respect to PC４ . The reduction in the Dm was associated to increases of PC４ and PC３ groups in both sites .Abundance of C４s was higher in Sites H than L , both sites having similar total C３ abundance with maximums of ≌ ３５％ madeup by grasses or a combination of grasses and legumes , respectively . While positive results might be expected in response torehabilitation practices applied to degraded highly stocked or �promoted" vegetation , more information is needed to analyzetransitions and restoration likelihoods .
ReferencesAgnusdei M .G . , Collantes M .B . , Anchorena J . , １９８９ . Temperate native grasslands evaluation through an inventory of soils‐botanical composition and history of use ( Argentina) . Proc .XV I Int .G rassl .Congress .N ice , France .II : １４１７‐１４１８ .Jacobo E .J . ,Rodríguez M .A . ,Rossi A . ,Salgado L . ,Deregibus V .A . ,２０００ . Winter productivity improvement throughcontrolled grazing in the argentinian Flooding Pampa rangelands . J .Range Manage . ５３ :４８３‐４８８ .Vázquez P ,Masuelli S . ,Platzeck G .Y . ,Boolsen O . ,２００７ . Recurrencia de anegamiento en la depresión del río Salado :subcuenca B４ . X I I Congreso Internacional de Teledetección de la A ET . Editorial Martin . Pp . １７１‐１７８ .
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Grassland deterioration in the source region of Yangtze‐Yellow Rivers in China and integrated
control of ecological environment
Chen Quangong , Mao Y ulin
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Key words : grassland deterioration , black barren , ecological environment , integrated control
Introduction Black Barren indicates seriously deteriorated alpine meadow . It is a comprehensive symbol for ecologicalenvironment deterioration in Yangtze‐Yellow Rivers摧 source region in China , displaying serious grassland degeneration andspreading of desertification ; aggravation of soil erosion and water loss ; threatened biological diversity and increased frequencyof natural disaster .
Materials and methods Gansu Grassland Ecological Research Institute applied remote sensing , geographic information systemand ground survey ; by comparative analysis of Dari county摧s １９８５‐１９９７ ground survey data and remote sensing image data ,established dynamic monitor model of grassland resource remote sensing .
Results Comparing surveys in １９８５ and １９９７ , reveals that Dari county摧s forage yield and carrying capacity decreases annually
２畅１７

倡
１０

４ t f resh yield and １ .００ 倡
１０

４ SU separately ( Table １) ; black barren increases to ８１８ .９７ km２ ( Chen , １９９８) ( Table ２ ) .There is overgrazing in specific place , time , partial grassland ; speaking as a whole , however , entire grassland is not overgrazed
( Table ３) . Change by global temperature rise should be the major cause for grassland deterioration and occurrence of vastsheets of semi arid‐semi humid area摧s Dari county摧s black barren (Ding , ２００１) .
Table 1 Change o f animal husbandry condition o f Dari county .

Year Totalareakm２ i
Crasslandkm２ 祆

Usable grasslandkm２ 破
Dense brushkm２ �

Black barrenkm２ O
Bared rock and otherkm２ 珑

１９８５ 垐１４８４２ J.４７ １３６８９ 屯.８０ １１１７２ Ё.５３ ３２６ b.４７ １４５  .１３ ６８０ 殮.１７
１９９７ 垐１４８４２ J.４７ １３２２５ 屯.９０ １０７９３ Ё.６６ ３１９ b.６２ ８１８  .９７ ４７７ 殮.９８

Table 2 Change o f landuse o f Dari county .

Year Usable grassland
４ level ５ level ６ level

Theory yield
１０

４ t Theoretic stockingrate １０４ SU
１９８５ T１０３３  .６０ ５８２４ �.４３ ４３１４ 鲻.２０ ３７１ 种.３８ １７２ 殮.４３
１９９７ T０  ５３５６ �.１０ ５７５４ 鲻.３０ ３４５ 种.４５ １６０ 殮.３９

year decreases ２ è.１７ １ l.００
Table 3 The theoretic and real stocking rate o f Dari county between １９８５ and １９９７ .
Year １９８５ S１９８６ 敂１９８７ 种１９８８  １９８９ Y１９９０ 殮１９９１ 圹１９９２  １９９３ ^１９９４ 煙１９９５ 後１９９６ "１９９７ c
Stocking rate
(１０４ head) ５２ 鼢.０ ５４ 8.２ ４６ z.０ ４０ 换.４ ３８ �.８ ４０ >.９ ４４ �.０ ４５ 亮.０ ４５  .０ ４７ C.０ ４７ 厖.０ ４９ 破.０ ５０  .０
Sheep unit
( SU ) １２６ <１３１ }１１１ 靠９７ 换.７ ９３ �.８ ９８ >.９ １０６ 哪１０９  １０９ G１１４ 垐１１４ 适１１９  １２ 5
Theoretic CarryCapacity( SU ) １７２ <１７１ }１７０ 靠１６９ １６８ B１６７ 儍１６６ 哪１６５  １６４ G１６３ 垐１６２ 适１６１  １６０ L

Discussion and recommendation Climatic warming up is the principal cause of deteriorated alpine meadow in this region , andunreasonable grassland utilization enhances the expansion and damage of the Black Barren . Four recommendations are madearound changing unreasonable grassland utilization , i .e . to combine ecological control with grazing adjustment , to carry outintegrated control on base of small river valley , to apply ３S technology in accurate planning and to introduce key technologies .Fencing natural grassland , warm pen construction , establishment of perennial pastures , use of solar energy are key techniquesto be introduced soon .
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Establishing a dynamic US federal national vegetation classification process standard in
partnership with non federal partners
Ralph H . Craw f ord
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Key words : vegetation types , vegetation classification
Introduction The overall purpose of this Federal National Vegetation Classification Standard ( NVC ) is to support thedevelopment and use of a consistent national vegetation classification in order to produce uniform statistics about vegetationresources across the nation , based on vegetation data gathered at local , regional , or national levels .
Material and methods The following is the twelve step process for formal development of a FGDC Standard ( OMB １９９０ ) . １‐develop proposal ; ２‐review proposal , ３‐set up project ,４‐produce working draft , ５‐review working draft , ６‐review and evaluatecommittee draft , ７‐approve standard for public review , ８‐coordinate public review , ９‐respond to public comment , １０‐evaluateresponsiveness to public comments , １１‐approvestandard endorsement , １２‐endorsement .
Results This will facilitate cooperation on vegetation management issues that transcend jurisdictional boundaries . It is thereforeimportant that , as agencies map or inventory vegetation , they collect enough data to translate it for national reporting ,aggregation , and comparisons . The ability to crosswalk other vegetation classifications and map legends to the NVC willfacilitate the compilation of regional and national summaries .
Conclusions The overall purpose of this standard is to facilitate and support the development of a standardized vegetationclassification for the United States and its use for information sharing . It also will define and adopt standards for vegetation datacollection and analysis used in support of the classification to maintain scientific credibility of the national classification througha peer review process . Finally this Standard will facilitate inter‐agency collaboration and inter‐agency product consistency .
ReferenceOMB .１９９０ . Circular A‐１６ Coordination of Geographical Information and Related Spatial Data Activities . O f f ice o f

Management and Budget . Washington , DC .
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Rethinking overgrazing and strategies for its management in Inner Mongolia
Dalintai
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Key words : grassland degradation , overgrazing , animal husbandry , Household Production Responsibility System
Introduction During the last fif ty years , grassland degradation has become more and more serious . Most methods for restoringdegraded grassland are based on the assumption that overgrazing is the main reason for grassland degradation . However , this
presumption has not been tested scientifically .
Materials and methods Data was obtained from the Animal Husbandry Management Station of Inner Mongolia , Inner Mongolianstatistical yearbooks and field work . The technique of energy analysis is used to identify the livestock population sustained byenergy derived from outside the pastoral system created by the Household Production Responsibility System ( HPRS ) . Thisincludes sources such as anti‐disaster bases maintained by both government and herders and also ecological compensation foragetransported by government from rural areas .
Results Livestock population figures in statistical yearbooks of Inner Mongolia show a continued increase which should lead toovergrazing and grassland degradation . However , as shown in Figure １ , livestock population depending on natural grassland inInner Mongolia decreased af ter １９９０ , and do not support this supposition . In fact , statistical data do not only include livestock
grazed on natural grassland , but also livestock that rely on energy inputs from outside of pastoral system . Moreover , this hasbeen increasing rapidly under the HPRS for three reasons . (１) Herders have to buy forage from outside , such as in rural areas ,to maintain their herds during natural disasters as the HPRS prevents them from moving livestock to other places to avoiddisasters . ( ２ ) In order to prevent serious livestock loss from natural disasters , herders and government have investedsignificant effort to build systems to combat disasters . ( ３ ) Natural grassland has continued to decrease and degrade due toreduction in grazing scale ( Dalintai et al . , ２００５ ) , repeated trampling by livestock and increase in cultivated grassland .Therefore , the proportion of livestock living on energy from outside the pastoral system has increased sharply under the HPRS .Unfortunately , this cannot be shown through statistical data , and this has led to the false presumption that overgrazing isuniversal on natural grassland in Inner Mongolia . Measures taken to eliminate overgrazing and restore grassland based on thisfalse assumption are unable to achieve their objectives .

Figure 1 The change o f L ivestock population (sheep unit) depending on natural grassland o f p astoral area o f Inner
Mongolia(1949 － 2005) (unit :10 ,000 sheep Unit) .

Conclusions By using energy analysis , it is concluded that most livestock in Inner Mongolia are not sustained by natural
grassland , but by energy derived from outside this system . Therefore , it is unreasonable to identify reasons for naturalrangeland degradation as overgrazing by livestock living on outside energy . Change in grassland use and disaster managementdue to HPRS implementation should be carefully studied to reveal the underpinning reasons for grassland degradation and toidentify appropriate countermeasures .
ReferencesDalintai , Alatengbagena . ２００５ . Rethinking grassland desertification . Journal o f College o f Finance and Economics o f

Guiz hou . ３ (２００５) : ４６‐５０ ( in Chinese) .
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Self rehabilitation of degraded Mongolian rangeland by grazing exclosure
Darhiihuu A .1 , O . Lkhagvaj av 1 , A . Mels 1 , B . Baatar 1 , B . Densambuu2 , L . Namdag2 , T . Sainkhuu2 , A . Lüscher 3 , J .
N迸sberger4
1 Research Institute o f A nimal H usbandry o f Mongolia , Zaisan , Ulaanbaatar‐210153 , Mongolia ,2 摧Green Gold摧 Program ,
Sw iss A gency f or Development and Cooperation , PO Box 218 , Ulaanbaatar‐38 , Mongolia ,3 A groscope Reckenholz‐T惫nikon
Research Station A RT , 8046 Zürich , Sw itzerland , andreas .luescher ＠ art .admin .ch ,4 ET H Zurich , Institute o f Plant
Science , Universit惫tstrasse 2 , 8092 Zurich , Sw itzerland

Key words : pasture degradation , overgrazing , fencing , grazing exclosure , resting
Introduction Due to its continental and dry climate , Mongolia is one of the world摧s large rangeland areas . Nomadic pastoralismon these rangelands is the backbone of Mongolia摧s agricultural sector and builds the basis of income for many herder families .However , large areas of Mongolian rangeland pastures are heavily degraded , mainly due to overgrazing . We examined whethera resting time without grazing results in self rehabilitation of degraded rangeland .
Materials and methods At five sites selected according to their level of degradation grazing exclosures with fences were installed .After four years vegetation inside ( rested ) and outside the fences ( grazed) were compared . Standing biomass and biomassproportions of grasses , forbs and sedges were measured by cutting ten replicates of １ m２ areas . Canopy cover , basal cover ,litter cover and proportion of bare soil were measured using the line point intercept method . Data were analysed with analysesof variance .
Results and discussion Degradation was characterised by a strong decrease in canopy , basal and litter cover resulting in a strongincrease in open soil . The proportion of grass species dramatically decreased with increasing degradation as observed by Sasaki
et al . (２００７ ) . In parallel the species number and the standing biomass decreased . All these strong effects ( all P ＜ ０ .０００１ )indicate how much the different services rangelands provide are impaired by degradation .
Resting time of four years strongly increased canopy ( P＜ ０ .０００１ ) and litter ( P＜ ０ .０１) cover and thus reduced open soil ( P＜
０ .０００１) . These changes may have protected soils from erosion and formation of hard soil crusts . This may , in turn , haveameliorated the conditions for the recovery of the existing vegetation . In fact , key grass species as A gropy ron cristatum and
Stip a sibirica strongly profited from the resting ( grass proportion , P＜ ０ .０００１) .
An important finding of the study was that the success of fencing strongly varied among the three levels of degradation forimportant characters as canopy cover , litter cover , bare ground , standing biomass and grass proportion ( degradation level xresting ; P＜ ０ .００１) . The lacking effect of resting on species number ( P : ns) and the still nearly inexistent grass proportion inthe totally degraded site suggest that the capacity of a plant community for resilience may be high as long as adapted plantspecies are still present above a minimum threshold . Reintroduction of species that were lost during the process of degradationseems much more difficult ( Ulambayar et al . ２００８) and time consuming .
Conclusion Self rehabilitation of degraded rangeland by grazing exclosure was successful as long as the adapted plant specieswere still present in the plant community i .e . as long as degradation was not too severe .
Table 1 E f f ect o f degradation level and f our years o f resting ( graz ing exclosure ) on species number ( Sp N r ) , cover o f
canopy , p lant bases , litter and bare soil , standing dry mass ( DM ) and dry mass p roportion o f p lant ty pes . ( SEM :
standard error o f mean ; n ＝ ２０ f or slight and heavy degradation and １０ f or total degradation) .
Degrad .Level Resting SpNr

( m‐２ ) Cover( ％ ) DM
( g m‐２ ) DM proportion( ％ )

Canopy Basal Litter Bare Grass Forb Sedge
Slight Yes １３ 蝌６４ è１７ ^２８  ８ 唵.３ ６８ 亖３７ 7５８ 眄４ Ё.９

No １３ 蝌６１ è２２ ^１４  ２５ 怂６０ 亖２６ 7６８ 眄５ Ё.１
Heavy Yes １１ 蝌９３ è５  .７ ５ 舷.５ １ 唵.７ ９９ 亖４８ 7３３ 眄１９ 祆

No １１ 蝌８０ è２  .８ ６ 舷.７ １４ 怂５４ 亖２４ 7４５ 眄３２ 祆
Total Yes ５ �.１ ７４ è０  .０ ４ 舷.７ ２１ 怂５３ 亖１ 蝌.６ ８６ 眄１２ 祆

No ２ �.７ ４７ è０  .０ ０ 舷.３ ５３ 怂２４ 亖０ 蝌.３ ８４ 眄１６ 祆
SEM ０ �.８ ２ c.５ ２  .０ ２ 舷.３ ２ 唵.５ １０ S.２ ３ 蝌.８ ４ è.２ ４ Ё.０

ReferencesSasaki , T . , et al . , ２００７ . Threshold changes in vegetation along a grazing gradient in Mongolian rangelands . Journal o f
Ecology ９６ , １４５‐１５４ .Ulambayar , B . , et al . , ２００８ . Restoration of degraded Mongolian rangeland by overseeding techniques ? This Volume .
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Strategy and issues of ecological grass construction in Jilin province
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Key words :Jilin province ,ecological grass construction ,strategy ,existing problem
Introduction Ecological grass is conservation and restoration of vegetation through combination of grasses , shrubs , and trees ,both natural and artificial , to improve ecosystem functions and environmental conditions in the areas of severe sandification ,alkalization and degradation . Based on ecological principles , ecological grass construction includes a series of engineeringapproaches such as prohibiting grazing and other human activities on desertification grassland through enclosure and fences ,
planting shrub and sowing grass , and promoting development of understory vegetation , to control and manage desertification .The total area of desertification has reached ０ .７ １０

６ hm２ in western Jilin , which significantly reduces productivity of farmlandand grassland ( Yanchun Liu ２００７ ) . Ecological grass construction may have potential to significantly reduce degradation andsalination of grassland that has been a severe issue in environment management of Jilin Province .
Material and method Analysis was based on the field reconnaissance survey of ecological grass construction project inChangling , Qianan , Qianguo and Tongyu County , western parts of Jilin Province , interview with local farmers and foresters ,and review of existing literature . Problems and issues were identified and strategies were proposed to improve ecological grassconstruction in Jinli Province in this paper .
Results
Development of ecological grass construction The action �Converting Thousands of Desertification Land Into Greenland" wasinitiated by the Forestry Department of Jilin Province in ２０００ , as a major step for ecological grass construction . Prominentachievements in the control and management of desertification has been made since then . By the end of ２００６ , to tal accumulativeinvestment reached ０ .３ billions RMB and over fif ty thousand people took part in ecological grass construction through variousways . About ４１０ ,０００ ha ecological grass land has been constructed and covered over ６２％ of severe desertification land . Thetotal vegetation cover in Jilin Province has reached ４４％ , af ter establishment of ３３ natural conservations with a total land coverof ２ ,２１７ ,９００ ha . The ecological grass construction has contributed to the increase of vegetation cover , biodiversity , biomass ,and organic matter , nutrition and moisture in the soil , and reduction of salination soil . Desertification has been reversed .
Issues in ecological grass construction Despite of significant achievement , ecological grass construction is still low in speciesdiversity , and lack of high quality species and variety and quantitative results for further scientific evaluation . Local residentssometimes did not pay adequate attention to ecological grass construction such that inappropriate use of rangeland such as
grazing on prohibited land or overgrazing still occurs . There is a level of risk that restored grassland through ecological grassconstruction degrades again . Production of high quality forage is at a lower level .
Strategies to improve ecological grass construction According to the objective of achieving ecological Province in Jilin , efforts needto be made to accelerate ecological grass construction through sustainable development , greater control of desertification ,sandification , alkalization and degradation of grassland , and increases of vegetation cover and use of science and technology .Wesuggest decision and policy makers to enhance public awareness and education of ecological grass construction through variousmedia and more intensive propaganda and to secure funds from various sources . Legislation should also be made to protectecological grass construction from illegal grazing , releases of waste materials , water , and gases , and destructive use of land , toensure the responsibility and benefits of stakeholders , and to support science‐based engineering approaches for ecologicalrestoration of grassland ( Jingmin Shang ２００３ ) . Some of the focused areas can include development of high quality foragevariety , establishment of seed orchards for high quality species and varieties , introduction of high quality variety and culturetechniques , and increase of commercialization and economical scale on ecological grass construction ( H .Y . Ni ,２００６ ) .
Conclusions Ecological grass construction has played significant roles in restoration of ecological function of grassland in Jilin
province . Despite of great achievement , some issues exist and must be addressed to order to achieve the objectives of ecologicalgrass construction . Ecological grass construction may provide a platform to meet the needs of community energy , economic andsocial development , and ecological restoration on sustainable basis .
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Bush encroachment : a major threat to pastoralists livelihood in Ethiopia
Abule , Ebro
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Introduction Ethiopia has a vast area of rangeland (６１ to ６７％ of the land area) located around the periphery and they are foundbelow １ ,５００ m .a .s .l . They support pastoral and agro‐pastoral communities ( mostly Somalia , Afar and Borana) of about ９ .８million people belonging to ２９ ethnic groups . The rangelands are not only important for livestock raising but also for wildlifehabitats , ecotourism , irrigated agriculture , medicinal plants , conservation of biodiversity , and exploitation of natural resources
( Abule et al . , ２００５) . However , bush encroachment , the process of open grassland savanna being transformed into bushes &shrubs , is a major problem . Therefore , the objective of this paper is to review the status of bush encroachment and its effect onthe livelihood of the pastoralists in Ethiopia .
Materials and methods Ethiopia , with a land area of １ ,１０４ ,３００ km２ , is located in the horn of Africa bordered in the north byEritrea and Djibouti , in the south by Kenya , in the east by Somalia and in the west by Sudan . The rangelands have unreliableand erratic rainfall , w ith regularly high temperature . This paper is based on reviewing literatures and documents .
Results According to the pastoralists compared to the past , the rangelands are bush encroached and the major triggering factorswere the lack of prescribed fire , severe overgrazing , drought and the expansion of farming into the rangelands . Accordingly ,there is a change in the species composition of livestock they keep from grazer ( cattle and sheep ) to browsers ( camel and
goats) . Furthermore , the pastoralists have noticed that bush encroachment is leading to agricultural and biodiversity problems .It has created a decrease in grass production , difficulty in livestock herding , damage by wildlife , and problems of bloating . Theencroaching species and their density also varied from rangeland to rangeland . The major encroaching species in the Afar regionare Prosop is j uli f loria , A cacia seyal , A cacia melli f era and A cacia senegal while in the Borana rangeland species of A caciaand Commiphroa and in parts of the Somalian rangeland , A cacia nubica and A . Melli f era . The communal grazing lands aremore bush encroached ( greater than ２ ,５００ woody plants/ ha) than the other grazing types and Parthineum hysterophores isbecoming a major concern . In some rangelands , the bush encroached area is about ５２％ of the total land area . There is novisible bush control method being undertaken by the pastoral communities on their own effort except in the Borana rangelandwhich was supported by different organizations ( Oba et al . , ２０００ ; Gemedo , ２００４ ; Abule et al . , ２００５ ; Admasu , ２００６ ;Amaha , ２００６ ; Belaynesh , ２００６ ; Teshome , ２００７) .
Conclusions Bush encroachment has created a difficulty for the pastoralists to plan effective resource management and utilizationstrategies . Accordingly , the control of bush encroachment must be given due attention which requires a proper understanding ofcausal factors , invasive species , the degree and extent of encroachment , the mechanism and the population dynamics of invasivespecies and long‐term community based control programs .
ReferencesAbule Ebro , Snyman HA and Smit GN . ２００５ . Comparisons of pastoralists perceptions about rangeland resource utilization inthe middle Awash valley of Ethiopia . J . Env i Manage . ７５ : ２１‐３５ .Admasu Terefe , ２００６ . Pastoralists perceptions on range‐livestock management practices and rangeland assessment in Hamerand Benna‐Tsemay districts of South Omo Zone . An MScThesis Presented to the School of Graduate Studies of AlemayaUniversity , Ethiopia . １５９p .Amaha Kassahun , ２００６ . Characterzation of rangeland resources and dynamics of the pastoral Production system in the Somaliregion of Estern Ethiopia . A PhD Thesis Presented to the University of the Free State , Bloemfontein , South Africa . ２３２p .Belaynesh Debalkie , ２００６ . Floristic composition and diversity of the vegetation , soil seed bank flora and condition of therangelands of the Jijiga Zone , Somali Regional State , Ethiopia . An MSc Thesis Presented to the School of Graduate Studiesof Alemaya University , Ethiopia .１４４p .Gemedo Dalle , ２００４ . Vegetation Ecology , Rangeland Condition and Forage Resources Evaluation in the Borana Lowlands ,Southern Oromia , Ethiopia . A PhD Thesis Presented to the University of the G迸ttingen , Germany . ２５３ pp .Oba G , Post E , Syvertsen PO and Stenseth NC .２０００ . Bush cover and range condition assessments in relation to landscape and
grazing in southern Ethiopia . L .scape Ecol .１５ : ５３５‐５４６ .Teshome , Abate . ２００７ . T raditional utilization practices and condition assessment of the rangelands in Rayitu district of Balezone , Ethiopia . An MSc Thesis Presented to the School of Graduate Studies of Haramaya University , Ethiopia . １２９p .
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Ecological indicators in a derived savanna disturbed by oil spillage and vegetation fire in Nigeria
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Introduction Guinea and Sudan savannas covering about ５４６ ,４００ sq . km . , representing ６０％ of the entire Nigeria摧s land mass ,harbor a significant proportion of Nigeria摧s population who are engaged mainly in nomadic and arable farming and are where alarger proportion of Nigeria摧s domestically grown food is produced . Oil pipelines that transverse these grasslands are frequentlysubjected to vandalization by restive youths which cause oil spillage and vegetation fire ( NEST ,１９９１) . This study examined theindicators of this growing ecological problem in Nigeria摧s savannah ecosystem .
Materials and methods The investigation was carried out in a community with a derived savanna vegetation near Ovim , AbiaState , Nigeria where there was oil spillage and vegetation fire on a land area covering about ３ ha in ２００３ . Starting from thepoint of punctured pipeline ２ transects were cut perpendicular to each other and transversing the fire burnt area passing througha border area and reaching the unaffected adjacent plot . Along each transect , sample plots with size of ５m × ５m were createdand replicated at ３ points using an interval ２０ m on both the affected , border and unaffected areas . In each sample plotvegetation survey was done to identify , enumerate and classify species according to families and lifeforms . Twenty gram soilsamples were also collected at ０‐１５ cm and １５‐３０ cm soil layers from all the sample plots and analyzed in a laboratory for N ; P ,K ; Organic Carbon ; pH ; Fe and Pb using appropriate analytical methods . The data collected from soil were later statisticallyanalyzed .
Results and discussions The mean total population of plant species in the unaffected , border and affected plots were ５４０６ .２５ ,
５００７ .５ and ６４３５ plants/ ha respectively . In terms of family representation ７ , １０ and １６ families were encountered in theaffected plot , border and the control plots respectively . Although the area affected by oil spillage and vegetation fire had higher
plant population density than the other ２ areas surveyed yet it had less species diversity . Bracharia de f lex i , I pomea
involucrata and Pennisetum polystachion were the most abundant species but they existed in the ３ plots .A ndropogon gayanus ,
Perotis indica , A diatum caudatum and Schiz achy rum ex ile were ４ plant species with occurrence only in the land area affectedby oil spillage and vegetation fire , and they appear to be adapted to the changed environment which could have significance inany planned land resuscitation . Re‐grow ths of wood species were not encountered in the area affected by both oil spillage andvegetation fire unlike where the savanna disturbance was vegetation fire alone . Chamaephytes dominated the affected area .The soil pH was reduced to ６ .０１ in the affected plots compared to the unaffected plots and this continued to the deeper soillevel (５ .４３) . Magnesium level was significantly lower in both ０‐１５ and １５‐３０ cm soil depths . The pattern would have been thereverse if the disturbance was from vegetation fire alone which releases Mg from the ash products into the soil . The N and Klevels were ０ .０４４％ and ０ .０７１ Cmol/ kg respectively at ０‐１５ cm in the area affected by oil spillage and fire ; and these weresignificantly lower than that of unaffected plots . The reduction in N content by oil spillage and vegetation fire was not limited to
０‐１５ cm alone but extended deeper into soil ( １５‐３０ cm ) . Levels of P and organic carbon were significantly low in both theborder and control plots when compared with the area affected by oil spillage and vegetation fire . The oil products , which initself contained hydrocarbons , spilled in the disturbed area apparently contributed to the observed increase in the level oforganic carbon . The observed impacts on most soil parameters manifested at １５‐３０ cm which were different from reports ofordinary vegetation fire alone whose effects were restricted to the initial ０‐１０ cm depth ( Tongway and Hodgkinson , ２０００) butthat of oil‐fueled fire penetrates deeper and persist for a longer period in the soil ( Al‐sawari et al , １９９８) . The concentrations ofFe and Pb (mg / kg ) at both ０‐１５ and １５‐３０ cm soil depths were all significantly higher in the disturbed area than either theborder or control plots . Fe and Pb in the affected plot were ７６％ and ４００％ higher than the control plot at ０‐１５ cm soil depth .The involvement of oil spillage in the fire disturbance of the derived savanna of a community near Ovim in Abia State Nigeria ,made the vegetation and soil to respond differently in terms of reach and they need to be accommodated in subsequent land usemanagement .
ReferencesTongway , D . J . , Hodgkinson , K . C . , ２０００ . The effects of fire on soil in a degraded semi‐arid woodland III . Nutrient poolsizes , biological activity and herbage response . Australia J . Soil Sci . ３０ : １７‐２６ .Al‐sawari , M . , Massoud , M . S . , Al‐Abdali , F . , １９９８ . Preliminary assesment of oil contaminated with oil lakes in the
greater Burgan oil fields , Kuwait . Water , A ir and Soil Poll . １０６ : ４９３‐５０４ .Nigerian Environmental Study /Action Team ( NEST ) , １９９１ . Nigeria摧s threatened env ironment : A profile , pp . ２８８ .
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Study on soil properties of degraded desert plain grassland in north Tianshan of Xinjiang
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Introduction Xinjiang is one of China摧s main pastures , but its grassland has been degraded as a result of overloading grazing . Inthis study , the soil physical and chemical properties of the degraded desert grassland were studied to reveal the relationship oflivestock‐vegetation‐soil .
Materials and methods The study was conducted in artemisia desert grassland at Ashili rural of Changji city in Xinjiang .Through field investigation of the status of species , the degraded series were divided into three stages : moderate degradation ,heavy degradation and over degradation ( Liu Hong‐lai , et al . ２００７ ) , and １２ representative plots were set . From moderatedegradation to over degradation , the predominance species is : Gagea bulbi f era ＋ Seriphidium transillense → Gagea bulbi f era
＋ Geranium p ratense → Petrosimonia sibirica ＋ T rigonella arcuata ＋ Geranium p ratense . Soil samples of ０‐３０ cm depth weredug for analyzing the mechanical composition , bulk density , density , organic matter , total salt , total nitrogen , total
phosphorus , total potassium , available nitrogen , available phosphorus , and available potassium .
Results and discussion From moderate to over degradation stage , the soil clay content increased gradually , the sand / clay ratiodescended significantly , decrease was ８５ .９％ , which indicates that the surface soil is not rough so as to emerge the landdesertification . Soil bulk density increased , and porosity decreased , the two were very significant negative correlation .Compared the soil bulk density of moderate degradation stage with heavy and over degradation stage , the difference wassignificant . In over degradation stage , the total salt content was minimum , but in the other stages , it was rather high , but soilhad not yet reached the soil salinization .
Due to the number of livestock was large , a large number of animal manure were added into the soil , the organic matter was
gradually accumulated , which caused soil organic matter and soil nitrogen content to gradually increased , the total nitrogenincreased ３１ .８％ , available nitrogen increased ３５ .９％ , the three were very significant positive correlation , Some researchesconsider that grazing accelerates N cycle of grassland , especially heavy grazing ( Unkovich M , et al . １９９８) , so that the amountof available nitrogen conversion to the total nitrogen is increased , this study also proved this opinion .
Soil phosphorus and potassium levels were reduced and then increased followed the degraded series , and the relation of total andavailable nutrient was significantly positive correlation . The influence of grazing intensity and livestock excretion on soil
phosphorus and potassium was great ( Yu Jun‐ping , et al . ２０００) .
Conclusions With the intensification of grassland degradation , soil physical properties changed bad , bulk density increasedsignificantly . The soil organic matter , available nitrogen and total nitrogen gradually increased . The contents of available
phosphorus , total phosphorus were undulate . The stability of grassland ecosystems has been depressed , so measures should betaken to reduce grazing intensity for promoting grassland ecosystems to benign development .
ReferencesLiu Hong‐lai , et al . ２００７ . Division on degraded successional series of Seriphidium transillense desert grassland . X inj iang
A gricultural Science Journal , ４４(２ ) : １３７‐１４１ .Unkovich M , Sanford P , Pate J , et al . １９９８ . Effects of grazing on plant and soil nitrogen relations of pasture crop rotations .Aust J A gric Res Journal , ４９(３ ) : ４７５‐４８５ .Yu Jun‐ping , Lan Yun‐feng , Wu Li‐ji , et al . ２０００ . Nitrogen circling of the grassland ecosystem in �soil‐grass animal" .
Neimongol Prataculture Journal , ３ : ５３‐５６ .
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Preliminary study on classified index system of grazing subalpine meadow in northwest Sichuan
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Introduction Through studies in north‐west of Sichuan , a study on an index system of degraded grassland was conducted whichhas a practical and instructional function for the ecological regeneration of grassland .
Materials and methods A study using method of spatial changes in place of temporal changes on grazing subalpine meadow wasconducted in northwest of Sichuan Province . According to the standing crop , the theoretical grazing feed intake , the area andthe time of grazing grassland , the grazing degree was determined as ４ levels : zero ( CK ) , slight ( SG ) , moderate ( MG ) , andheavy( HG) in which the randomly‐selected １m２ quadrat sampling was conducted for ５ times . Record and description of thecommunity characteristic were conducted . Soil of ０ to ３０ cm , area of which was １００ cm２ , was taken using trench method from
５ randomly selected points . Every １０ cm deep accounted for a layer . A general soil analysis was conducted .
Results The correlation of total coverage of community between HG and MG was significant ( P ＜ ０ .０５ ) . But correlationbetween SG and MG was insignificant ( P ＞ ０ .０５ ) . Total coverage of community , richness and biodiversity were advisable assecondary indexes . There were ２ ～ ３ indicators plants for moderate and heavy degradation , such as Potentilla anserina ,
Ranunculus tanguticus , Plantago dep ressa . Standing crop in plant community and variety range of organic matter content oftop ０ ～ １０ cm soil could be direct indexes . ( Table １)
Table 1 The classi f ied index system o f degraded grassland o f subalp ine meadow .

Index
( Primary indices)

ZeroDegradation SlightDegradation ModerateDegradation HeavyDegradation
PNP AG biomass ( ％ ) Few ＜ １０％ A few １０ ～ ２０％ Abundant ２０ ～ ３０％ Mostly PNP ＞ ３０％

Ground Coverage Few bare‐ground A few bared Abundantly bared VE disappears or bared
AG Biomass( kg / hm２ ) ＞ ９０００ 儋６５００ ～ ９０００ 苘４０００ ～ ６５００ 倐＜ ４０００ 3
０‐１０cm OM ( g / kg ) ＞ １００ 侣６５ ～ １００ 棗４５ ～ ６５ &＜ ４５  
Soil Surface Hardly eroded Seldom eroded Rather eroded Eroded

( AG ＝ Above Ground ; PNP ＝ Poisonous and Noxious Plants ; OM ＝ Organic Matter ; VE ＝ Vegetation)
Conclusions In allusion to the degradation characteristics and degrees of subalpine meadow in North‐west Sichuan , poisonousand noxious plants above‐ground biomass , ground coverage , above‐ground biomass , organic matter of ０‐１０cm soil and soilsurface condition are advisable as primary indices in this area .
ReferencesGAN You‐min , LI Zhi‐dan , ZE Bai et al . (２００５) . The Changes of Grassland Soil Nutrition at Different Degradation SubalpineMeadow of Northwest in Sichuan . A cta Prataculturae Sinica , ４ , ３８‐４２ .GAN You‐min , LI Zhi‐dan , WANG Qin et al . ( ２００５ ) . Study On Grazing Degenerating Succession of Subalpine Meadow inNorthwestern of Sichuan Province . A cta Prataculturae Sinica , １３ , ４８‐５２ .
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The degeneration evaluation of Xilamuren grassland
Gao Yong , L i L anH ua , Meng ZhongJu
College o f Ecol . and Env . Sci , Inner Mongolia A gric . Univ . , hohhot 010019 .E‐mail : mengz hong j u＠ 126 .com
National Natural Science Fund :(30771765)

Key words :Xilamuren grassland , situation evaluation , degeneration mechanism , overgrazing , exclosure
Introduce At present , about ９０ percent grassland has degenerated , Xilamuren grassland is a typical dry grassland of InnerMongolia plateau , which is a good grass production base . However , with the development of local tourism , the grassland isfurther degenerating . In order to seek a effective way , the nature and characteristics of local community need to be fullyunderstood ( Valle １９９８) . The object of this paper is to analyze the degradation mechanism and establish a reasonable evaluationsystem , to reverse the bad trend and provide a scientific basis for rational use and management of grassland .
Materials and methods the cite is on a hilly grassland in Xilamuren ( ４１°２０′E ,１１１°１０′N) ,mean rainfall is ２８１mm/ year . In the
process of experiment , three different treatments including tourist area , rotational grazing area and exclosure are studiedrespectively , using �nesting quadrat" ( Ames ２００３ ) of French ecologists to select ２３ quadrats with each area of ２５ × ２５m
( located by GPS) in different types of units randomly ,the investigation indicators are floristics , height , coverage , biomass anddominant species coverage , the experiment has last ４ years . This study make an initial draft of three programs to evaluate thegrassland : (１) evaluate no exclosure areas( The State Forestry Bureau １９９８ ) .( ２ ) evaluate less degenerative areas .( Gao ShangWu １９９８) . (３) classify the degeneration standard(Wang Ji ２００３) .
Results Xilamuren grassland is already in a state of overall degeneration . most of it is in a state of moderate degeneration , .slight degradation exists in exclosure , severe degradation is seen only in tourist areas .
Table 1 Evaluation o f x ilamuren grassland degeneration .

treatments biomass( g /m２ ) coverage( ％ ) height( cm) clay content( ％ ) grades
tourist area ４０ 哌.３３ ２１ 鬃.７９ ５ 父.２３ ９ �.７９ severe

rotational grazing area ８９ 哌.８３ ３９  ７ 父.９４ １４ 破.２８ moderate
exclosure １３９ 鲻.１７ ５５ 铑.２ １２ 舷.０１ ２３ 破.６５ slight

Conclusions Xilamuren grassland is already in a state of overall degradation , degradation degrees can be divided into three
grades , slight , moderate and severe , overgrazing and unreasonable development of tourism are the main reasons for grasslanddegradation .
ReferenceDel Valle , Flisalde , Gagliardini , etal . Status of Desertification in the Patagonian Region : Assessment and Mapping fromSatellite Imagery [ J] .A rid Soil Research and Rehabilitation ,１９９８ ,１２ :９５‐１２２ .
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Impact of wildfire and seeding on the range plant community in the dry forests of southern
British Columbia
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Introduction Much controversy exists over the use of seeding as a rehabilitation tool af ter wildfires . The role of using seeding tolimit invasive weed spread is poorly understood and some findings suggest that the seed mixes themselves could be consideredinvasive and lead to a decrease in species richness of the native plant community ( Keeley ２００６ ) . Also , it has been welldocumented that , although much postfire seeding occurs , not much quantitative monitoring occurs to assess whether or not theseeding was effective ( Robichaud et al . ２０００ ) . The objective of this study was to track vegetation change in seeded versusunseeded areas that had been impacted by wildfires and specifically to determine if seeding after wildfire １ ) is an effectivemethod to reduce weed invasion and ２) impacts the native plant community that may become established on the site .
Materials and methods In late summer of ２００３ three large wildfires burned through the dry forests in the southern interior ofBC . In ２００４ two treatments , burned and seeded ( seeded) and burned and unseeded ( unseeded) , were established as pairedplots and replicated at seven sites in the burned areas . At each site ２０‐１ × １ m quadrats were systematically sampled along ２‐５０metre transects to determine％ cover and frequency by species in ２００４ , ２００５ and ２００６ and ２‐１ × １ m ( per sample line) areaswere clipped , dried and weighed to determine total biomass production .
Results The seeded sites had a significantly ( P ＜ ０ .０５) higher total cover ( Table １ ) than the unseeded sites in ２００４ and ２００５ .Not displayed on the table is the information that grass cover was also significantly higher in the seeded sites in ２００４ (４１ .３ vs
４ .８％ ) and ２００５ (８４ .８ vs １１ .７％ ) . Seeding also significantly increased the overall species richness in all years ( Table １ ) butwhen the seeded species were removed from total species there was no significant difference between treatments . There was notreatment effect on weed cover ( ％ ) although weed cover on all treatments in all years remained low ( Table １) . In general theplant community components did not differ between treatments ( forb cover , shrub cover , and tree cover ) . One of the mainspecies used in the seed mixes , Lolium multi f lorum , significantly decreased ( p ＝ ０ .０１７ ) f rom ２００４ ( １９ .４％ ) to ２００６

(３畅３％ ) .
Table 1 Total cover , species richness and％ weed cover in the seeded versus unseeded sites in ２００４ ,２００５ and ２００６ .
Variable Year Seeded Unseeded SEM P Value
Total Cover ( ％ ) ２００４ 崓７２ ).３ ４３  .２ ６ 觋.１０ ０ 後.００５

２００５ 崓１７０ W.５ １１６ N.６ ２０  .０８ ０ 後.０３６
２００６ 崓１０２ W.７ ８９  .２ １３  .４１ ０ 後.３３９

Species Richness ( no .) ２００４ 崓２０ ).７ ２６  .０ １ 觋.９０ ０ 後.０１４
２００５ 崓３６ ).４ ２９  .７ ３ 觋.５２ ０ 後.０２５
２００６ 崓３９ ).９ ２９  .７ ３ 觋.９６ ０ 後.０４３

Weed Cover ( ％ ) ２００４ 崓０ �.６ １ 蝌.２ ０ 觋.５６ ０ 後.３０４
２００５ 崓７ �.４ ７ 蝌.９ ２ 觋.４４ ０ 後.８４９
２００６ 崓３ �.５ ５ 蝌.８ １ 觋.９６ ０ 後.３０１

Conclusions Seeding in this environment did not alter weed cover but overall weed cover was low in both treatments indicatingweeds may not have been a major problem at these sites . Seeding did temporarily increase total cover which could be beneficialin areas where erosion is a concern or where weeds might be present in higher amounts . The plant species seeded did notindicate invasive qualities . The long term effects of seeding af ter wildfire on plant community change needs to be investigatedfurther and monitoring on these sites will continue for a ten year period post fire .
ReferencesKeeley , J . ２００６ . Fire management impacts on invasive plants in the Western United States . Conserv ation Biology ２０ :３７５‐３８４ .Robichaud , P . , Beyers , J . and Neary , D . ２０００ . Evaluating the effectiveness of post fire rehabilitation treatments . RockyMountain Research Station ( RMRS)‐GTR‐６３ , online publication .
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Land application of biosolids to restore disturbed western rangelands
L .K . G reenhalgh1 倡 ,M .J . McFarland2 , I .R . V asquez 2 , M .V utran2 , M . Schmitz 3 , R . Brobst 4

1 倡 Utah State University Cooperative Ex tension , 151 North Main , Tooele , Utah , 84074 USA . 倡 Contact E‐mail : lindeng ＠

ex t . usu .edu . 2 Dep artment o f Civ il and Env ironmental Engineering , Utah State University , 1405 Mount Logan Drive ,
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84103 , USA . 4 US Env ironmental Protection A gency Region 8 , 1595 8OC‐EISC , 595 W ynkoop St . , Denver , Colorado ,
80202‐1129 , USA .
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Introduction Many rangelands in the western U .S . have been degraded through improper grazing . Biosolids are an inexhaustibleresource that can be utilized to restore disturbed rangelands . Application of biosolids poses little threat to groundwaterresources in areas with adequate groundwater depth because evapotranspiration generally exceeds total precipitation ( Evans etal . , ２００１ ; Harris‐Pierce et al . , １９９５ ) . The current study compared effects of biosolids application to disturbed rangelands .
Materials and methods Biosolids were applied to private rangeland in Tooele County , U tah . A control plot served as a treatment
performance baseline . The agronomic application rate of nitrogen ( N ) in tons/ hectare was determined to be １６８ kg of N / ha( McFarland , ２００１ ) . Biosolids were applied at １X , ５X , １０X and ２０X the agronomic rate . Soil and forage samples were takenfrom each .１３ ha plot .
Results and discussion Nitrate concentrations increased with increasing depth . Phosphorus values were highest at the soil surfaceand decreased with increasing depth . Electrical conductivity was similar to that of nitrate while ammonia levels remainedrelatively low for all application rates . T reatment forage production ranged from １４７ to ７４４ kg / ha compared to ９４ kg / ha for thecontrol . Forage crude protein levels were significantly greater for treatment ( ２０％ ) than for control (１０％ ) .
Conclusions The increase in forage yield and quality underscored the value of biosolids land application while providing thefollowing advantages in restoring disturbed rangelands : reduction in the use of costly , petroleum‐based , fertilizers , reduced soilerosion , improved soil aeration/moisture infiltration , reduced water use ( greater moisture retention capacity ) and enhanced
plant biodiversity .
ReferencesEvans , R . ; Rimer , R . ; Sperry , L . ; Belnap , J . (２００１) �Exotic Plant Invasion Alters Nitrogen Dynamics in Arid Grassland"

Ecological A p p lications . １１ (５) :１３０１‐１３１０ .McFarland , M .J . (２００１ ) Biosolids Engineering McGraw‐Hill , Inc . New York , N .Y .Harris‐Pierce , R . L . ; Redente , E . F . ; Barbarick , K . A . ( １９９５ ) �Sewage Sludge Application Effects on Runoff WaterQuality in a Semi‐arid Grassland" Journal o f Env ironmental Quality . ２４ :１７５‐１８２ .
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Reasons of the deterioration of grassland eco‐environment in Inner Mongolia pasturing areas
Haishan
Geography Science College o f Inner Mongolian Normal University ,Hohhot ,China

Key words : Inner Mongolia pasturing areas , grassland eco‐environment , overgraze , predatory management , the sustainabledevelopment
In the past over twenty years , the drastic deterioration of grassland eco‐environment in Inner Mongolia pasturing areas not onlyendangers the North ecologic safety , but also affects the eco‐environment safety of neighboring countries ; therefore , it hasaroused great attention of people at home and aboard , especially academic circles .
With the deterioration of grassland eco‐environment , reasons of grassland eco‐environment deterioration have been become afocus of debate . And there are some theories about deterioration reasons , such as theory of over‐grazing , theory of extensivemanagement , theory of drought , theory of population overloading , theory of disappearance of nomadic ( change of culture) ,theory of traditional nomadic , theory of meadow property rights , theory of goat‐eating and theory of development of society andeconomy . In this all , the theory of over‐grazing become the mainstream point and the fundamental basis for rules and policiesby government .
By contrast the actual and theoretical animal number of the grasslands in Inner Mongolia for the past fif ty years , we can draw aconclusion : the basic reason of the deterioration of grassland eco‐environment in Inner Mongolia pasturing areas is �locatedherd" mode of production by the system of grassland contracted to households and un‐herdsman destructive activities such as
grass mowing , medical materials digging , unauthorized and wasteful mining ; not overgrazing by herdsmen and livestock .Especially ,�located herd" mode of production by the system of grassland contracted to households is the basis ; other predatoryactivities are appeared on the precondition of the policy of grassland contracted to households .
Some pursuing national policies is not fundamental control measures , such as T reatment Project of Sandstorm Sources ofBeijing and Tianjin , keeping the balance of grassland and livestock , rest‐grazing in spring , forbid‐grazing and fencing andpopulation migrating . Government must adapt policy about the pasturing areas . First , by grassland shareholding and nationalsupport , establish modern nomadic management , rebuild benign running mechanism of man‐land relationship of pasturingareas , raise the overall efficiency of animal husbandry and recover dry grass layer of meadows . Second , issue certificates tocertify the right to use the land that collectively owned by herdsmen , resolve the main body to original herdsmen . Third , the
grassland is protected by government legislation . Government must improve the ecological efficiency compensation and controlmechanism , prohibit any destructive activities of grassland eco‐environment .
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Study on responses of Leymus chinensis of degraded grasslands to kinds of improved measures
He Dan , L iX ianglin ,W an L iqiang , He Feng
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Introduction As a result of influences of climates and human beings , more than ７０％ grasslands are degraded and graduallyincreasing . The pasture husbandry is highly influenced and so the income of humans . This study was used kinds of improvedmeasures in order to increase constitutes of dominant species and the productivity of grassland ( Vallentine , １９８０) .
Materials and methods The site was on the country of Tai Pusi , Xilin Gol League of Inner Mongolia (１１４°５１′ ～ １１５°４９′E , ４１°
３５′ ～ ４２°１０′N) . The altitude is between １４００m ～ １５００m and the mean rainfall was ４０７mm . The dominant species of pasturewas Leymus chinensis , and other species such as Pottentilla acaulis ,Pottentilla bi f urca ,Cleistogenes squarrosa ,A gropy ron
michnoi ,Stip a ,Thalictum petaloideum ,A rtemisia f rigida etc . From May ２００７ to Sep . ２００７ , ５ treatments were adopted in arandomized uniform block and each treatment plot was ８００m２ . They were : ( １ ) meadow cutting ( H ) :１０cm depth along thecontour line ; (２ ) irrigation ( G ) : ４０m３ water each plot ; ( ３ ) meadow cutting and irrigation ( H ＋ G ) ; ( ４ ) fertilizing andirrigation : four concentrations of urea (４６％ nitrogen) as follows : N１ (２５kg / hm２ ) 、N２(５０kg / hm２ ) 、N３(７５kg / hm２ ) 、N４(１００kg /hm２ ) , each plot was ５ m × ２ m with ３ replicates ; ( ５ ) fertilizing : ５０kg / hm２ of urea (４６％ nitrogen) . The indexes of height ,density ,coverage and weight of L . chinensis were measured once every month . Data were analyzed using SPSS １３ .０ .
Results The height , density , coverage and DW of Leymus chinensis in each treatment were increased more or less and the DWwere highest in August . The increasing percentage of DW were ９９ .３４％ ,１９６ .４８％ ,２８２ .４９％ ,１８３ .０８％ ,１１４ .２８％ ,３６０ .９４％ ,
２００ .７６％ and ２０１ .４４％ separately ( Table １) .
Table 1 E f f ects o f imp roved measures on DW o f Leymus chinensis (g /m２ ) .

T reatment June July Aug . Sep .
CK ８ 蜒.１１ a １７ �.０４ a １７ p.２９ a １６ 4.７３ a
H ７ 蜒.８９ a １４ �.４４ a ５４ X.９７ ab ４０ 0.６５ b
H ＋ G １９ 蜒.５２ bc ４１ è.１９ b ７２ A.９２ bcd ４１ G.８ b
G ２４ 蜒.１９ bc ５１ 晻.９２ bc ９８ Y.５２ cd ５１ 0.６９ b
S ９ 蜒.６２ a ３５ 敂.１９ ab ６９ Y.１７ bc ５３ 0.５２ b
N１ 櫃１７ 滗.４８ b ３６ 敂.０１ ab ３４ X.７３ ab ３８ 0.５７ b
N２ 櫃３３ 邋.８６ d ７０ �.２８ c １１０ 剟.４８ d ５８ 0.１２ b
N３ 櫃２３ 蜒.１４ bc ４４ è.５４ b ５９ Y.５８ bc ５０ G.７ b
N４ 櫃２７ 蜒.２６ cd ５５ 晻.０８ bc ４８ X.３４ ab ４７ 0.６８ b

Conclusions Water is the limiting factor to the productivity of grassland . Meadow cutting can promote the reproducibility of L .
chinensis . These measures were all effective to degraded grasslands . They were all significantly increased the productivity of L .
chinensis . The concentration of ５０kg / hm２ of urea (４６％ nitrogen) was critical and it was the most effective way to improve the
grasslands in the treatment .
ReferenceVallentine J . F . １９８０ : Range development and improvements . Second Edition . Brigham Young University Press , Provo .U tah .
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Predicting soil erosion and deposition effects on plant establishment : a key to increasing
restoration success
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Introduction Land degradation is frequently associated with soil erosion and deposition . This can result in significantmodification of the soil profile , including changes in soil surface texture and structure . Soil surface texture and structure affectplant water availability through their effects on infiltration rate and plant available water holding capacity . Plants in arid andsemi‐arid environments are particularly susceptible to desiccation during establishment . Consequently , changes to soil surfacetexture , structure or depth can affect establishment , as well as the productivity of the established plant community . In extremecases , re‐establishment of the original plant community may be impossible , even with significant external inputs ( Bestelmeyeret al . , In Press) .
While the negative impacts of soil erosion are widely recognized , the potentially positive and negative effects of deposition onrestoration potential are often ignored . Large areas of the world are affected by soil deposition . The most visible examples areassociated with dune systems , but significant soil deposition can occur without dune formation downslope or down wind ofcultivated fields , roads and other disturbances .
Where all other factors are equal , deposition of small quantities ( several centimeters) of coarse‐tex tured material on top of fine‐textured material should increase infiltration and surface water holding capacity while reducing evaporative losses . Exposure ofa fine‐tex tured layer by erosion of coarse‐textured material should have the opposite effect . The effects should depend on thedepth of soil added or removed , and on initial soil profile characteristics . Soil surface structure degradation or the addition ofdegraded soil tends to reduce both infiltration and water holding capacity .
Materials and methods A series of field studies and modeling exercises are currently being completed at the USDA‐ARS JornadaExperimental Range , located in the northern Chihuahuan Desert in south‐central New Mexico , USA to examine the effects ofsoil erosion and deposition on plant establishment . This area receives approximately ２４５ mm of precipitation , over half of whicharrives in convective storms during the growing season . Several areas of fine tex tured soils on the Jornada are being buried bysand from upwind areas . This study design exploits these landscape dynamics .
Results Examples of the effects of a change in soil surface texture on soil water availability are shown in Table １ . As predicted ,model results showed that sand addition to the soil surface affected establishment differently depending on the amount of sandadded and the initial soil tex ture . Field studies of areas where sand deposition has been occurring during past several decadesindicate that plant community dynamics are controlled by a number of different factors in addition to sand deposition , and thatfeedbacks with the plant community itself are likely to be important .
Table 1 Samp le e f f ects o f sur f ace tex ture change f rom loam to sand based on agricultural soils ( Sax ton and Raw ls ２００７ ) .
Input tex ture and bulk density data are f rom a depositional site on the Jornada . E f f ects on rangeland soils may be di f f erent
due to di f f erences in soil structure , but general p atterns should be similar .
Texture Sand Silt Clay BulkDensity SOM( est .) AvailableWater Available WaterTop １０cm Sat . Hydr .Cond .

％ mm mm/ hr
Loam ３９ v３４ 蝌２７ n１ 趑.３６ １ S.０ １３ 噜１３ q１５ x
Sand ９０ v５ 圹５ W１ 趑.５１ ０ S.１ ４ 缮４ Z１２６ 弿
Change ＋ ５１ い‐２９  ‐２２ }＋ ０ ".１５ (‐０ b.９) ‐９ 刎‐９ j＋ １１１ 浇

Conclusions Careful characterization of site conditions and soil profile characteristics should be completed before restoration . Ata minimum , changes in soil water characteristics should be predicted using texture relationships .
ReferencesBestelmeyer , B . , K . Havstad , B . Damindsuren , G . Han , J .R . Brown , J . Herrick , C . Steele , and D . Peters . In Press .Resilience theory in models of rangeland ecology and restoration : the evolution and application of a paradigm . In : R . J .

Hobbs and K . Suding , eds . New models f or ecosystem dynamics and restoration . Island Press .Saxton , K .E . and W .R . Rawls . ２００７ . Soil water characteristics hydraulic properties calculator . Downloaded ６ November ,
２００７ . http :/ / hydrolab .arsusda .gov / soilwater/ Index .htm .
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The response of Potentilla acaulis population property to desertification grassland in agro‐
pastoral ecotone of northern China
J .M i , J .W ang , L .L in and K .W ang
Institute o f G rassland Science , China A gricultural University , Bei j ing 100094 , China , E‐mail :w angkun＠ cau .edu .cn
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Introduction Potentilla acaulis is a typical perennial clone plant in desertification grassland of Northern China and it has astrong adaptability to sanded soil , which is always the last existent plant population in the process of grassland desertification(Wang and Li , １９９９ ) .Quantitative characteristics of Potentilla acaulis population were used to evaluate vegetal adaptivestrategies to habitats in this study .
Materials and methods Three typical sample regions were selected and set up in northern of Hebei province in accordance withvegetation , soil and meteorology properties ( data no shown ) , which separately presented the light , medium and heavydesertification degree of grassland . ３０ replicated Potentilla acaulis tuf ts (６０cm ＜ diameter size ＜ ８０cm) were randomly selectedin every experiment region . In each replicated dose , the above‐ground and below‐ground biomass of １５ cm × １５ cm quadrat wascollected in ５ incessantly months of growing period . The Roots , stems and leaves of plant tufts were separately treated withsuitable methods . The data were analyzed by SPSS１３ .０ .
Results During all the growing periods , the below‐ground biomass of heavy degree region was the lowest level of the threesample regions ( Figure １ ) . This was demonstrated that the desertification degree of grassland was the crucial factor thateffected on the below‐ground biomass of Potentilla acaulis population . With the desertification strengthened , the ratio ofabove‐ground to below‐ground biomass was increased , which showed Potentilla acaulis population distributed more nutrientsto the above‐ground . Specific leaf area , leaf longevity and specific stolon internode weight of Potentilla acaulis population wereobviously affected by desertification degree of grassland ( Table １ ) .

Figure 1 Above/below‐biomass o f Potentilla acaulis population under various deserti f ication degreed in ２００７ .Data o f biomass
is dry weight o f １５ × １５ cm quadrat .

Table 1 Speci f ic lea f area , lea f longev ity and speci f ic stolon internode weight o f Potentilla acaulis population in differentdesertification degreed .
T reatment Light Medium Heavy
Specific leaf area
( cm２ / g .dw ) ３８９ 鲻.１８c ２６３ (.８２b １８２ C8畅７９

a

Leaf longevity ( day) ２７
ab

６５
c

２２
a

Specific stolon internodeweight( mg /cm) ２ 殮.４２a ４ 烫.８１b ６ 珑.２５c

Conclusions Different desertification degrees of grassland caused changes of biomass allocation and modules of Potentilla acaulis
population . Fast‐grow th of leaves and adventitious roots were the growing strategy of Potentilla acaulis population respondingto desertification grassland .
ReferenceWang S .P . and Li Y .H .(１９９９) . Degradation mechanism of typical grassland in Inner Mongolia . Chinese Journal o f A p p lied

Ecology , １０ , ４３７‐４４１ .
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Remote sensing to detect deterioration of Flooding Pampa rangeland by the use of glyphosate
Jacobo , E . Rodriguez , A . , Heinrich , N . & Fraschino , L . Departamento de Producción A nimal , Facultad de A g ronomí a ,
Universidad de Buenos A ires . A v . San Martí n 4453 , Buenos A ires 1417 , A rgentina . E‐mail : e j acobo＠ agro .uba .ar
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Introduction A technique based on spraying glyphosate to Flooding Pampa′s rangelands in late summer has been widespreadduring the last decade . This technique eliminates green vegetation growing in late summer with the aim of improve germinationand establishment of cool season ( C３ ) annual grasses , which , in turn , increases winter forage offer and allows increment ofmeat production . We postulate that this technique would negatively affect plants that vegetate in summer , causing changes inthe seasonal pattern of above‐ground net primary production ( ANPP) . Considering that ANPP of Flooding Pampa′s grasslandscan be accurately estimated using the spectral information provided by remote sensing ( Pi鼻eiro et al , ２００６ , Grigera et al ,
２００７) , we used the amount of photosynthetically active radiation absorbed ( APAR) by the capopy to compare the seasonalpattern of the APAR of non‐treated vs . glyphosate‐treated rangelands .
Materials and methods We used data provided by a geographic information system ( GIS ) built and maintained by the LART
( Laboratorio de Análisis Regional y Teledetección ,Faculty of Agronomy IFEVA ,UBA / CONICET). The spectral informationwas provided by the MODIS and consisted of gridded‐１６ days composite images at a spatial resolution of ２５０ m２ . We selected ７
paddocks of native rangeland ( never treated with glyphosate) and ８ paddocks that have been treated with glyphosate in latesummer from １ to ５ years consecutively . Monthly , from June ２００３ to June ２００５ , we calculated APAR as the product of PARobtained from the nearest weather station and fPAR derived from MODIS NDVI for each paddock . We compared monthlyAPAR among non‐treated vs . glyphosate‐treated paddocks during two consecutive periods ( June ２００３‐May ２００４ and June
２００４‐May ２００５ ) . Kruskal‐Wallis test by ranks was used ( p ＜ ０ .０５) .
Results and discussion APAR of glyphosate‐treated paddocks during the warmest months was significantly lower than that of thenon‐treated paddocks in the first ( Figure １a) and in the second ( Figure １b) period . APAR of glyphosate‐treated paddocksduring the whole warm season ( from November to March) was lower than that of the non‐treated paddocks in both periods
(５５８ vs ８２６ MJ/m２ 爛 １５０ days in the first and ６０５ vs ８７６ MJ/m２

１５０ days in the second period) , which may be a consequenceof the increment of dead material of cool‐season grasses and the reduction of warm‐season species population .

Figure 1 Amount o f photosynthetically active radiation absorved (A PA R ) by the capopy o f gly phosate‐treated
and no‐treated p addocks in the f irst ( a) and in the second (b) period .

Conclusions The reduction of the APAR during the warm season as a consequence of spraying glyphosate annually in latesummer suggest a deterioration process related to the lost of warm season species and the reduction of biodiversity .
ReferencesGrigera ,G . ,Oesterheld ,M . & Pacín ,F . ２００７ . Monitoring forage production for farmers摧 decision making . A gricultural

Systems ９４ : ６３７‐６４８ .Pi鼻eiro , G . , Oesterheld , M . & Paruelo J .M . ２００６ . Seasonal Variation in Aboveground Production and Radiation‐useEfficiency of Temperate rangelands Estimated through Remote Sensing . Ecosystems ９ : ３５７‐３７３ .
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Efforts to reduce wind erosion from unpaved roads cut through environmentally sensitive Alaskan
and Hawaiian rangelands
James P . Dobrowolski , National Program Leader Rangeland and G rassland Ecosystems , USDA Cooperative S tate Research ,
Education and Extension Serv ice , W ashington DC and Calv in F . Bagley , A ssociate Director , Center f or Env ironmental
Management o f M ilitary L ands , Fort Collins , CO . E‐mail : j dobrowolski＠ csrees .usda .gov
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IntroductionWind erosion is a critical issue on lands disturbed by off road vehicle us in the Delta Junction area , Alaska and inthe saddle between Mauna Loa and Mauna Koa , Hawaii . Low visibility for off road vehicles , impacts on restoration potential ,public transportation and quality of life for area neighbors are concerns . In Alaska , cold temperatures slow plant grow th andsoil genesis ; thus erosion losses have long‐term (１００ ＋ years) effects ( Grantham et al . ２００１ ) . Reduction of accelerated winderosion is a significant first step to insuring ecological integrity , and minimizing safety and quality of life concerns .
Materials and methods The study area in central Alaska has soils derived from glacial and glaciofluvial deposits that are dry ,gravelly , and well drained . The area is needleleaf forest that annually averages ３８１ mm precipitation and temperatures of‐３ .
９ ℃ . The study area , centered on the island of Hawaii has poorly developed and excessively drained soils , derived from nearlybarren lava flows . It is cool tropical averaging １８６２ mm rainfall and temperature of １２ .８ ℃ . Threshold friction velocitymeasurements ( u 倡 ) through a portable wind tunnel were successfully used to evaluate changes in soil surface characteristics(Williams et al . １９９５ ) . In Hawaii , we tested the affect of dust palliatives on the threshold friction velocity of soil particleentrainment for disturbed rangeland sites . Five treatments were applied to soil surfaces with and without Hydretain 棆 topromote plant establishment . Five treatments over four replications with sampling were two concentrations (９ .５ l/ plot , E１ ; ４ .
７ l/ plot , E２) of Envirokleen 棆 , a continuous life dust control agent applied directly over disturbed sites , and the application attwo concentrations (３畅８ l/ plot , S１ ; １ .９ l/ plot , S２ ) of Soil‐Sement 棆 , a polymer emulsion dust retardant , both treatments non‐hazardous , and untreated controls ( C) . Threshold wind velocity data were analyzed by a fixed effects General Linear ModelsAnalysis of Variance ( GLM ANOVA) with mean separation by Fischer摧s Least Significant Difference ( LSD) . Dust palliativetreatments and data analysis were the same for Alaska — no Hydretain was applied .
Results In Hawaii , pre‐palliative testing of plots treated with ( P ＞ ０ .０５ ) and without ( P ＞ ０ .０５ ) Hydretain showed nosignificant change in threshold friction velocity . Threshold wind velocity means were significantly different among soil surfacetreatments after dust palliative application and with ( P＜ ０ .０５) and without ( P＜ ０ .００１) Hydretain ( Figure １) . LSD separatedmeans between Soil‐Sement when compared with Envirokleen and controls with and without Hydretain . In Alaska , pre‐palliative testing of plots showed no significant background changes in threshold friction velocity ( P＞ ０ .０５ ) . Mean thresholdwind velocities were significantly different among soil surface treatments after seeding , raking and dust palliative application( Figure ２ , P＜ ０ .００１) . LSD separated means of both Soil‐Sement treatments ( S１ , S２) from both Envirokleen treatments andcontrol plots .

Figure 1 Post‐treatment threshold w ind velocity
means and standard errors f or the control in
H awaii (Vertical bars ＝ s .e .) .

　 　 　 　 　 　 　 　

Figure 2 Post‐treatment threshold w ind velocity
means and standard errors f or the control in
A laska (Vertical bars ＝ s .e .) .

Conclusions At both locations with different soils , Soil‐Sement ( S１) provided superior retention of possible airborne particles towind velocities greater from ８０‐１６０ km / h . Soil‐Sement ( S２ ) bound soil particles and resisted wind erosion less , from ７２‐１２８km/ h , still far superior to Envirokleen and controls . Both E１ and E２ produced large surface aggregates that were mobilizedfrom ３２‐６４ km / h . Soil‐Sement is less viscous that allows for greater infiltration , a more uniform application that providesdeeper cementation of surface soil particles . However , surfaces bound by Soil‐Sement were observed at times to completely peelaway at higher wind velocities . Plots with higher soil moisture when treated with Soil‐Sement appeared to produce a stronger bond .
ReferencesGrantham ,W .P , E .F . Redente , C .F . Bagley , and M .W . Paschke . ２００１ . T racked vehicle impacts to vegetation structure andsoil erodibility . J . Range Manage . ５４ :７１１‐７１６ .Williams , J .D . , J .P . Dobrowolski , N .E . West , and D .A . Gillette . １９９５ . Microphytic crust influence on wind erosion .T rans . Am . Soc . A gric . Eng . ３８ :１３１‐１３７ .
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The study for grassland nutrition of typical grasslands difference degradation grade
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Introduction The grassland degradation leads tovegetation decay , reduction of grass yield , grow th of coarseness grass , soilerosion , soil salination . And it results in weight of livestock losing , outbreak of rats and pests .
Materials and methods Based on the distance from the village , the grassland was divided into four degradation grades . They areheavy degradation area , moderate degradation area and light degradation area , the no grazing pasture as the comparison area( LiBo ,１９９７) . For each degradation grade , three quadrats of １ × １ square meter were established . Cut grass in quadrats andanalyze the grass nutrition components in terms of Forage analysis and f orage quality examine technique ( YangSheng １９９３) .
Result and analysis

Table 1 The grass摧 nutrition component o f di f f erent monitoring quadrats (DM ) .
Quadrats Degradation grade EE DF CP Ash NFE

Comparison area ０ ┅.９７８ ２７  .２８８ １０ Q.１０８ ７ 倐.１５０ ４７ 9.７０３
No .１ 苘Light degradation area １ ┅.８９２ ２９  .４４３ ９ :.３５５ ５ 倐.９６１ ４７ 9.９８５

Moderate degradation area １ ┅.３４６ ３２  .０９６ １２ Q.９２０ ６ 倐.８４８ ４０ 9.８９５
Heavy degradation area １ ┅.７３８ ２５  .０５６ ２０ Q.９３１ ９ 倐.２４７ ３６ 9.８６４
Comparison area ２ ┅.１６４ ３５  .５６３ １０ Q.２６９ ７ 倐.１１５ ３７ 9.４６１

No .２ 苘Light degradation area ２ ┅.３２１ ２９  .２６１ １０ Q.６４０ ６ 倐.０６８ ４５ 9.５２４
Moderate degradation area ２ ┅.５２０ ３２  .８２６ １２ Q.９３６ ６ 倐.６１８ ３８ 9.６０５
Heavy degradation area ０ ┅.８５６ ２４  .４７７ １６ Q.４４０ ７ 倐.９５４ ４４ 9.０１８

The Table １ showed that the Crude Fibre variety tend and the Crude Protein variety tend , i .e . the more the grasslandsdegenerates , the better the nutritional quality of the plant flora . The more vegetation was utilized so as to the grass摧 grow thperiod is delayed in the heavy degradation area . And the grass is tender leaves with lower coarse fibre . The grass is growingand becomes scorch quickly when the comparison area isn摧t grazing and the leaves is less than stalk so that the more CrudeFibre .
Conclusions The study results showed that the degradation grade would increase extremely , the Crude Fibre will drop off andthe Crude Protein will increase gradually , as well as the better nutritional quality of the grass . The research results were closeto the reports of others research . The reasons , on the one hand , the grazing grassland was done by sustainable utilization so asto the grass was more rebirth in the natural grassland grow th period . On the other hand , annual grass was more grow th withfresh so more protein of the grass . But when the grass was utilized lower and the grass grow up fast so as to the Crude Proteinwill decrease in light grazing area .
ReferencesLiBo . １９９７ . Grassland摧s Degradation and Prevention Countermeasure in north of China , [ J ] Peking : China A gricultural
Publishing House ３０(６) pp . １‐９ .YangSheng . １９９３ . Forage Analysis and Test Technique of Forage Quality , [ M ] Peking : China A gricultural University
Publishing House pp . １５‐１７ .
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Changes of persistent soil seed bank in degraded Seriphidium transillens desert grassland
JIN Gui‐li , ZHU Jin‐z hong , L IU Hong‐lai
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Introduction Seriphidium desert is generally the dominant native grassland type and is extensively distributed in central Asia ,especially on the northern slopes of the Tianshan Mountains . It playing an important role in stockbreeding and ecosystem .Persistent soil seed bank plays a key role in vegetation restoration after disturbance ,but research about Seriphidium transillensdesert seed bank is relatively few . In this paper we address the following two questions :( １ ) what changes happend underdifferent degradation degreea about soil seed bank ? (２) why the changes happened ?
Materials and methods The study area is the spring– autumn pastures of Ashili village ( N４３°４９′ ～ ４３°５６′ ,E８７°０２′ ～ ８７°０５′) , isopen flat alluvial plain and located on the northern side of the Tianshan Mountains , in Xinjiang , China . The dominant flora onthe study sites is Seriphidium . transillense , the companion species are Petrosimonia sibrica , Tulip a iliensis , T rigonella
arcuata and Ceratocarpus arenarius . We divided grassland into four types according degradation gradients , non‐degradation( ND) , media‐degradation( MD) , heavy‐degradation( HD) and over‐degradation( OD) . Samples of soil seed bank were collectedon April １７ , ２００６ , sample摧s area is ３８ .５ cm２ , and soil depth are ０ ～ ５ , ５ ～ １０ and １０ ～ １５ cm respectively , and everydegradation stages set four repetitions . Use Germination Method to identify the seeds in greenhouse .
Results and discussions Composition of soil seed bank :ND has ６ species , Seriphidium transillense , Tetracma quadricornis ,
Eragrostis p ilosa , Chenopodium alubum , Amaranthus retro f lexus , and Malcormia af ricana , MD has ８ species ,
Seriphidium transillense , Petrosimonia sibirica , Eragrostis p ilosa , Tetracma quadricornis , Chenopodium alubum ,
Amaranthus retro f lexus , T rigonella arcuata , and Ferula f erulaeoides , HD has ７ species , Eragrostis p ilosa , Tetracma
quadricornis , Chenopodium alubum , Amaranthus retro f lexus , T rigonella arcuata , Peganum harmala , and Amaranthus
mangostanus , and OD has ８ species , Kochia p rostrata , Petrosimonia sibirica , Salsola bracchita , Eragrostis p ilosa , Tetracma
quadricornis , Malcormia af ricana , T rigonella arcuata , and Peganum harmala . We use Mehinick Richness Index ( MRI) ,Alatalo Evenness Index( AEI) , Gini Diversity Index ( GDI) to study species diversity of the persistent soil seed bank . The threeindexes have the same change tendency , and least in ND , increase from ND to MD and then decrease little from MD to OD . Inthe course of degradation , invasive species occupy the niche of dominant species , so the species diversity of soil seed bankincreased . But it will decrease as the degradation enhanced . The seed number are ６８３ ,４５５ , ３７４ , and ６１１ seeds/m２ respectivelyin four degradation stages . In ND , the rate of constructive species seeds , Seriphidium transillense , is ５０％ , but ５％ in MD ,
０％ in HD and OD . Constructive species can not complete its life history under higher grazing stress , so seed number decrease .But in OD , invasive species replaced constructive species gradualy , and their reproductive strategy made seed number increase .To the three vertical layers , the distribution rate of seeds is respectively ６２％ , １４％ , ２４％ in ND , ７２％ , １４％ , １４％ in MD ,
４４％ , ３５％ , ２１％ in HD , ８３％ , ６％ , １１％ in OD . The total seeds number decrease gradually with soil depth , and ６６％ oftotal seeds distribute in ０ ～ ５ cm soil depth . Grazing stress made soil compaction increase , so it is difficult for seeds tosedimentate , and most of total seeds exist in surface layer of soil .
The soil seeds of suffrutex artemisia and ephemeral/ ephemeroid species are both more than the number of their overground
plant seedlings , but result of annual species is reversed . Grazing stress made the two types of species sufferr much more , theyhave no chance to produce seeds , so convert to agamogenesis strategy , furthermore most of seeds remain dormant in soil , so
give annual community an opporunity to grow and propagate .
Conclusions As the grazing stress enhanced , (１) Richness , evenness , and diversity of vegetaton all increase more or less , andspecies invade severely in MD . (２ ) Seed number decrease from ND to HD , but increase much in OD . And most of seeds existin surface layer of soil . ( ３ ) Seeds of suffrutex artemisia and ephemeral/ ephemeroid species , select temporary dormancystrategy to evade adversity , but these stimulate the seeds of annual species to bourgeon and propagate .
ReferencesLIU Hong‐lai , ZHU Jin‐zhong , JIN Gui‐li , et al . , (２００７) . Division on degraded successional series of seriphidium transillensedesert grassland . X inj iang A gricultural Sciences , ４４ (２) , １３７‐１４２ .
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The role of Sansevieria intermedia in degradation and recovery in Kenyan drylands
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Introduction In some heavily grazed rangelands of north‐central Kenya , many local pastoralists are concerned over theproliferation of Sansev ieria intermedia , a leaf succulent that forms dense patches and prevents livestock foraging and passage .As a first step toward understanding the dynamics of the increase of S . intermedia , this paper presents findings of bothtraditional and scientific ecological knowledge of the system , which suggest two key hypotheses regarding degradation andrecovery dynamics .
Methods I interviewed １４ residents ( men and women , age range ２１ to ７１ yrs) of Koija Group Ranch , Laikipia District , Kenyato begin building a local environmental history of the proliferation of S . intermedia and other environmental changes . In ３０６
５０x５０ cm quadrats along transects that passed through S . intermedia patches and inter‐patch areas , I measured percent coverby plant species and functional group , biotic crust cover . I used Wilcoxon nonparametric means comparisons and chi‐squaretests to compare the variables between patch and inter‐patch quadrats ( JMP , ２００７) .
Results Of １４ interviewees , １３ stated that S . intermedia abundance had increased noticeably during their lifetimes . Ninebelieved the increase had occurred mostly during the last １０‐２０ years . Three respondents pointed out particular sites that had no
S . intermedia in the past , and now contained １３‐４５％ cover of S . intermedia patches . All respondents believed that livestockforage had decreased at Koija ; ８ of the １４ felt that the decline started １０ to ２０ years ago ( Figure １) . Quadrats in S . intermediapatches had significantly higher biotic crust cover , associated vegetation cover , and species diversity , than inter‐patch quadrats( Figure ２ ) . Perennial grasses and the most common annual grass species at Koija , Eragrostis tenui f olia , occurred morefrequently in S . intermedia patches than inter‐patch areas ( Figure ３) .

Figure 1 Koi j a G roup Ranch residents摧
percep tions o f changes in f orage andS . intermedia abundance (n ＝ １４ ) .

　

Figure 2 Comparisons soil crust and
vegetation ( ＋ １ )SE in S . intermedia
patch quadrats ( n ＝ １４４ ) and
interpatch quadrats ( n ＝ １６２ ) .
倡 W ilcoxon rank tests : p ＜ ０ .００１ .

　

Figure 3 Perennial grasses and E .tenuifolia occurred more o f ten in
p atch quadrats ( n ＝ １４４ ) than
interpatch quadrats ( n ＝ １６２ ) .
倡

χ
２ tests : p ＜ ０畅０１ .

Conclusions According to local ecological knowledge , S . intermedia has always been present at Koija , but the onset of itsproliferation coincided with , or followed , forage degradation in the area . Thus the first key hypothesis suggested by this studyis that S . intermedia has proliferated due to competitive release as surrounding vegetation became less abundant . Comparisonsof patch and inter‐patch quadrats indicated that soil and vegetation conditions are more favorable within S . intermedia patchesthan in the inter‐patch areas . This may be due to the protection that S . intermedia leaves offer from livestock herbivory , due toshade increasing soil moisture , or due to soil disturbances created by the grow th and emergence of S . intermedia ramets . Thesefindings led to a second key hypothesis : af ter proliferating in response to overgrazing , S . intermedia patches in turn facilitatethe recovery of degraded vegetation . The proliferation of S . intermedia may enhance ecosystem resilience by preventingrunaway degradation in patches throughout the landscape (Walker and Salt , ２００６) . Manipulative tests of these hypotheses arecurrently underway .
ReferencesJMP , ２００７ . JMP Version ７ .０ . Cary , NC , USA , SAS Institute IncWalker , B . , Salt , D . , ２００６ . Resilience Thinking : Sustaining Ecosystems and People in a Changing World . Washington DC ,USA , Island Press .
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rangelands in South Africa
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Introduction About ８０％ of the total land area of South Africa is regarded as rangelands of which most are arid‐or semi‐arid . Itis estimated that approximately ６６％ of the rangelands are moderately to severely degraded ( Snyman , １９８８ ) and many havepassed the thresholds of self recovery . Once irreversible transitions have occurred , restoration practices have to be implementedto assist the recovery of these degraded ecosystems ( SER , ２００２) . In most cases , the general aims of restoration is to increasethe biodiversity for higher resilience , increase the vegetation cover to combat erosion and to improve the production potential fora higher grazing capacity (Bakker , et al . １９９６ ; Van den Berg & Kellner , ２００５ ) . Restoration procedures include both active( burning , clearing , re‐seeding and cultivation ) and passive technologies ( withdrawal of livestock/ game) ( Milton & Dean ,
１９９５) . All these technologies are very complex and the connection between ecological succession and ecosystem goods andservices over time have to be addressed . The challenge is to investigate which technologies are most suitable for mitigating the
poor environmental conditions , especially low rainfall and anthropogenic impacts that are responsible for the degradation indifferent livestock production systems .
Materials and methods Depending on the degree of degradation selected restoration technologies were introduced in the threemain types of land‐use systems found in South Africa , i .e . commercial , communal and game/conservation . In bare , denudedand heavily degraded areas , active technologies were applied , which included one or a combination of certain cultivationmethods to increase the water use efficiency , re‐seeding with indigenous , ecotype specific species , covering the area by brush( woody twigs) and the application of organic material to improve the soil structure and fertility . Where vegetation cover wasstill present , passive technologies were applied which means that grazing by livestock was controlled or withheld in exclosures .The success of the restoration experiments were assessed against selected reference or benchmark sites .
Results and discussions Depending on the degree of degradation and the land‐use system , vegetation cover and density ofespecially high palatable , perennial species increased by ＞ ５０％ in sites that were actively restored and the grazing capacityimproved by ＞ ６０％ , especially in communal managed systems that were formerly highly degraded and subsequently withheldfrom grazing . The dry matter (DM ) production of grass species increased by ＞ ６０％ and the biodiversity improved by ＞ ３０％ ,depending on the condition of the surrounding vegetation and habitat . Monitoring took place over a period of ５ years andcompared to the reference/ benchmark sites . The soil type and rainfall , before and during the restoration activities , and type of
plants species used in re‐seeding activities , influenced the success of the restoration activity .
Conclusions The aim of restoration will determine which type of technology to apply in the different land‐use types . Propermanagement of restoration activities will contribute to the success and long‐term sustainability of the restored site . The sitesand results are used as demonstration plots to make farmers aware of land degradation , desertification and the application ofrestoration practices and to apply more sustainable rangeland management practices in the long‐term .
ReferencesMilton , S .J . , Dean , W .R .J . １９９５ . South Africa摧s arid and semiarid rangelands : why are they changing and can they berestored ? Env ironmental Monitoring and A ssessment ３７ , ２４５‐２６４ .Bakker , J .P . , Poschlod , P . , Strydstra , R .J . , Bekker , R .M . , Thompson , K . １９９６ . Seed banks and seed dispersal :important topics in restoration ecology . A cta Botanica Neederlandica ４５ (４) , ４６１‐４９０ .SER ( Society for Ecological Restoration International) ２００２ . The SER Primer on Ecological Restoration . [ Web :] http :/ /www .ser .org /Snyman , H .A . ２００３ . Revegetation of bare patches in a semi‐arid rangeland of South Africa : an evaluation of varioustechniques . Journal o f A rid Env ironments ５５ , ４１７‐４３２ .Van den Berg , L . , Kellner , K . ２００５ . Restoring degraded patches in a semi‐arid rangeland of South Africa . Journal o f A rid

Env ironments , ６１ (３) , ４９７‐５１１ .
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Establishing vegetation on mine waste areas in northern Sweden
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The studies concern vegetation establishment in mine tailings from the Aitik copper mine at G惫llivare in Northern Sweden (６７°
０ ,０６′N ; ２０° ０ ,８′ E) . The studies were carried out between the years １９９６ and ２００６ . The tailings consist of the rest remainingafter enrichment of metals from the crushed and milled copper ore . The material has been dispersed in water and pumped to the
pond during somewhat more than ３０ years . The deposit covers an area of about １４００ hectares and is enclosed by the slopes ofa valley and by constructed dams . The tailings have the texture of fine sand and are prone to wind erosion when getting dry .Thus , there is a need to cover the surface when the tailings are no longer pumped into the pond . Since the area is so large ,covering the tailings with soil from the surroundings is out of question . Covering the whole area with water is possible , becausethe climate is humid , but there is a risk of dam‐break . Thus , to cover the deposit with vegetation probably is the most sensibleaction for erosion control .
The overall aim of the studies has been to find out how the establishing of vegetation should be performed , and to elucidatewhat consequences the measures taken at establishment will have for land use and the environment . The specific aims have beento get new knowledge on how trees , bushes , small bushes , herbs , grasses , lichens and mosses , naturally occurring in theAitik area will develop in pure tailings and in tailings amended with organic material and alternatively mineral plant nutrients .Also a few plants from other environments were tried . Other specific aims were to find out which soil amendment that has thebest positive and sustainable effect on development of plants , and to clarify the change over time in the amended tailings . Themain environmental questions included how nitrogen and heavy metals behave at the plant establishment stage and later , and tostate the risk of pollution of those elements . There were a number of field , greenhouse — and laboratory trials performed toreach the goals .
Grass‐and clover species are recommended as initial vegetation . Many species from the surrounding area were self seeded in thetrials , indicating that the tailings deposit will be easily colonized by species naturally occurring in the area .
In several trials the pH decreased , due to the oxidation of pyrite occurring in the tailings . This resulted in a low survival of the
plants . However , the mining company has decided to alter the metal enrichment procedure , in order to remove as much pyriteas possible . It was also shown that only the additions of organic material to the tailings lead to a successful plant establishment .Digested sewage sludge was found to be suitable , and also potentially available in the large amounts needed . It was clear fromthe results that there is a risk of nitrogen pollution during the first growing season from the mineralized organic material . To
prevent this , it is recommended that drainage water from the tailings pond should be taken care of during the first years .However , in the long run the nitrogen pollution from the vegetated pond probably is smaller than from the surrounding naturalland , due to a smaller total amount of carbon and nitrogen .
There is a risk that the plants may take up high amounts of metals from the tailings , which might make the plants toxic to
grazing reindeers and moose , but only if pH decreases to values below ５ .
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fire burnt pasture
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Introduction Periodic burning is a management tool used to rejuvenate old stands of grasses . Burning maintains the vegetation ina more youthful and productive state for grazing . How a plant responds to fire depends on the height above ground of its
growing points , a function of plant maturity and plant‐grow th characteristics . Limited imformation is known about the use offire on cool‐season grasses . However , these may include many of the same objectives associated with burning , such as woody
plant control or thatch removal . Also , grazing distribution and uniformity may be improved by burning cool‐season bunchgrasses , which accumulates dead stems that block access to new grow th . From April ４‐６ , ２００５ , there was a huge fire inYangyang‐gun , Kangwon‐do , Korea , which burned over ２５０ ha of forests and ２４６ buildings including １６０ houses . Therefore ,effects of reseeding rate and timing on grow th characteristic , productivity and nutritive value of forages in the forest fire burnt
pasture were investigated in this study .
Materials and methods This study was conducted from April ２００５ to December ２００６ in a private farm in Kangwon‐do , Korea .Six treatments were considered namely : existing vegetation , damaged vegetation ( Forest fire burnt pasture in the region )without any modification and damaged vegetation with modifications such as ３０％ and ５０％ reseeding １０ days and ２０ days after
the forest fire . The existing vegetation was seeded with １５ kg of orchardgrass , １０ kg of tall fescue , ３ kg of Kentucky blue
grass and ２ kg of white clover . During the establishment period , fertilizer was applied at a rate of ８０ kg N , ２００ kg P and ７０ kgK / ha and ２１０ kg N , １５０ kg P and １８０ kg K / ha for management distributed equally across the experimental area in the springand time after every cutting . The forages were harvested by cuttings ３ times in ２００５ and ４ times in ２００６ . Estimates of yieldwere determined by harvesting forage in a １ m２ area in each plot . Fresh forages were oven dried for ７２h at ７５ ℃ , weighed and
converted to DM yield . Forage nutritive value was evaluated in terms of ADF and NDF (Goering & Van Soest , １９７０) , and in
v itro dry matter digestibility ( IVDMD ; Moore , １９７０) .
Results The DM yield for existing vegetation was the highest in the １st year ( ２００５ ) of the study ( Table １ ) . In the ２nd yearstudy , DM yield obtained from damaged vegetation with no treatment was the highest . The highest yield was not significantlydifferent , however , from the DM yield of other treatments in this study .

Table 1 Dry matter (DM ) yield o f f orages in 2005 and 2006 .

T reatments DM yield ( kg / ha)
２００５ n２００６ 牋Mean

Existing vegetation
Forest fire burnt pasture
３０％ Reseeding , １０days after burning
５０％ Reseeding , １０days after burning
３０％ Reseeding , ２０days after burning
５０％ Reseeding , ２０days after burning
LSD (０ 谮.０５)

８ ,５８７
６ ,２９６
７ ,０４５
７ ,９１０
７ ,３３２
７ ,１００
NS

７ ,８０３
９ ,４８２
７ ,７７２
８ ,２８８
８ ,０４９
８ ,８７９
NS

８ ,１９５
７ ,８８９
７ ,４０８
８ ,０９９
７ ,６９０
７ ,９８９
NS

Conclusions Although there were no significant yield differences obtained in this study , the mean DM yield for existingvegetation was the highest . A benefit of reseeding burnt pastures was not found . We concluded that forest fire resulted inreduction of the pasture yield for a short period but it did not have any significant effect in the long term .
ReferencesGoering , H . L . , Van Soest , P . J . , (１９７０) . Forage fiber analysis . A gr . H andbook . No . ３７９ . USDA .Moore , J .E . , (１９７０ ) . In v itro dry matter yield or organic matter digestion . Nutri . Res . Techn . １ :５００１‐５００５ .
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Studies on the effect of applying fertilizer on Pinus tabulae formi in Shen Dong Mine
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Introduction Application of fertilizer to trees in an effort to increase their grow th for protection from wind erosion and aestheticvalue is low in our country but required (Chen Jun et al １９９８ , WuXiaofu et al ２００２) . Rates of greening in SHEN DONG Mineare ７０ percent ,but the harsh nature of the environment seriously affects the normal grow th of trees . This paper reports a studyon the effect of increasing grow th of Pinus tabulaeformi under the different fertilizer rates which will provide fertilizerrecommendations for forestation .
Materials and methods The experimental area is located on ShenDong Mine in Inner Mongolia in the semiarid region of northChina . We selected ７ kinds of fertilizer treatments : , １( CK) , ２( urea ２００g) , ３ ( phosphate ammonium ５００g ) , ４ ( sheep manure
２kg ) , ５( urea １００g , SSP ２００g and potassium chloride ５０g ) , ６( urea ２００g , SSP ２５０g and potassium chloride ５０g ) , and ７( sheepmanure ２kg , urea １００g , SSP ２００g and potassium chloride ５０g ) . The amount of fertilization above was for one tree . Therewere ５ trees per treatment and ９ replicates . Each treatment is radial arranged . Specific fertilization methods are as follows :first , chemical fertilizer , stiletto ６０ cm at each corner of tree well with Luoyang spade ; second , organic fertilizer , embedding itin ringy ditch or radial ditch , the depth of ditch ＞ ４０ cm . Fertilizers were applied in Autumn of ２００３ and Spring of ２００４ .Diameter of pinus was measured by vernier caliper at September of ２００３ ( １ m above of ground ) and signed , af ter that ,measuring the diameter and shoot grow th of Pinus at October of ２００４ and September of ２００５ .
Results For shoot grow th , in ２００４ , only the third treatment had a significant effect . In ２００５ , the fif th treatment significantlyimproved the shoot grow th . For the diameter , there was no significant difference in ２００４ . In ２００５ , besides the third treatmentbeing lower than the control , all of the others were significantly higher . In general , the compound fertilizer had a better effectthan the single‐effect fertilizer . The result of ２００５ is better than ２００４ . The difference of diameter increment was higher thanthe difference of shoot grow th . The amount of shoot grow th in ２００５ was １ .４ times of ２００４ and the diameter increment is ２ .３times .
Table 1 In f luence and v ariance analysis o f Pinus grow th amount under di f f erent f ertiliz er conditions in di f f erent years

Year Grow th amountProbability( P)
T reatment

１st ２nd ３rd ４th ５th ６th ７th Average

２００４ 垐
Shoot grow th( cm) １９ k.４ １９ ?.９ １３  .８ １７ 邋.９ １８ 构.６ １７ 寣.８ １７ `.３ １７  .８
Probability( P) ０ 沣.５９１５ ０ 晻.００５４倡倡

０ 墘.１７１６ ０ 媼.６１ ０ 0.１３５７ ０  .０７０７
Diameter( mm) ６ 倐５ (.８ ４ �.８ ５ 挝.７ ６ ⅱ.９ ５ u.７ ６ I.７ ５ �.９
Probability( P) ０ 沣.８６１３ ０ 抖.３４０１ ０ 墘.７６９３ ０ ].３６１２ ０ 0.７６９３ ０  .５０４５

２００５ 垐
Shoot grow th( cm) ２４ k.３ ２５ ?.６ ２２  .４ ２５ 邋.４ ２８ 构.６ ２４ 寣.１ ２５ `.８ ２５  .２
Probability( P) ０ 沣.６２７１ ０ 抖.１３５９ ０ 墘.３８６５ ０ I.０１４５倡

０ 0.８０９５ ０  .１１２４
Diameter( mm) １２ k.６ １３ ?.８ １０  .８ １３ 邋.２ １４ 构.５ １４ 寣.４ １６ `.３ １３  .７
Probability( P) ０ 骀.０１６倡

０ ＃.０２５２倡
０ v.０４０８倡

０ <.００４３倡倡
０  .００８２倡倡

０ 沣.０００２倡倡

Conclusions After fertilizer application , Pinus摧s grow th rate increased and the compound fertilizer had a better effect than thesingle one . An acceleration of was shown in the third year indicating a temporal effect , so , fertilizer could be applied earlier .
Acknowledgement This work was funded by the １１th Five‐Year Technology Support Project ( ２００６BAD０３A０３０７ ;
２００６BAD２６B０１０２)
ReferencesChenHongjun ,LiYiquan ,YangChengdong .１９９８ . Status of the Research in Fertilization and Nutrient Diagnosis of Forest Soil inChina .World Forestry Research .NO .３ :５８‐６５ .WUXiao‐fu ,HUYue‐li . ２００２ . Study of Dynamics Models for Forest Grow th and Nutrition : Site and Nutrient EffectFertilization Model . Journal o f Central South Forestry University Vol .２２ .NO .３ :１‐８ .
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Effect of land use on soil quality in a small arid catchment of Upper Yangtze River Valley
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Introduction Vegetation recovery , such as reforestation , and natural succession may also change soil quality . Degradation ofland is among the most serious environmental problems in Southwest China . There is a need for research to be conducted todetermine the effects of land cover change . Taking the Dagou catchment with a reforestation history in the Upper MinjiangRiver as an example , a study was initiated to characterize ecological effects in reforested and adjacent cultivated or shrub sites .The objectives were to ( １ ) investigate soil propertie changes associated with different land use types ,and ( ２ ) to identifychanges on soil properties and plant diversity brought about by the reforestation .

　 　 Figure 1 Soil quality o f di f f erent land uses
in the Dagou catchment .

Methods and materials The conditions of the study area are now betterthan the dry valley adjacent to the study area which has very highevaporation and very limited precipitation . The annual rainfall is ９００ mmwhile evaporation is ７９５ mm , and the mean monthly temperature isapproximately ８ .９ ℃ . Soil types are mainly mountainous umber andbrown soils . The landscape of the catchment still exhibits largeheterogeneity . Land use types were identified into four categoriesincluding shrub , cropland , potatoes , reforested land , and woods plantedwith Chinese pine for periods of ５ years to ３０ years ( orchard land) . Intotal twenty‐nine plots were investigated . At each site all individual treeswere identified and diameter measured at breast height , layer coverage ,stem height ( height of the first major branch) and total height . Shrubswere identified and measured for diameter , layer coverage and totalheight , while herbaceous vegetation were identified and counted . Soilsamples were collected to assess effects of land use change on soilproperties . The number for orchard land , shrub land , cultivated land andreforested land was ４ , ８ , ４ , and １３ , respectively . The QI was calculatedby soil quality factor membership values and their weight as following

　 　 Figure 2 Positive linear relationship between
soil quality and years since re f orestation .

equation .

Results The results showed that OM , TN , AK , SW had statisticallysignificant differences between the four land use types . The valuespresented that OM and TN of cultivated land were dramatically lowerthan shrub and reforested land . Figure １ showed that the land usechanges had resulted in very different soil quality levels . The QI valuesfor shrub land , cropland , orchard and reforested land were １ , ０ .０３ , ０ .
２５ , and ０ .７０ respectively . Figure ２ showed that reforestation couldgreatly change soil properties . The OM , TN , AK and SW had goodrelationship with reforested years . The results showed the QI valuesincreased with the reforested years , from ０ .０８ to ０ .８９ .
Conclusions The study assessed the effects of land use and forestrecovery on the soil properties . The results showed that cropland hadthe lowest soil quality level and the shrub land had the highest level .The soil quality index increased with vegetation recovery . The studysuggested that in the dry valleys shrubs had a good capacity for soilimprovement and reforestation , if well restored , could also improve soilquality and biodiversity . The project was supported by National NaturalSciences Foundation of China ( No .４０５０１０６７) .
ReferencesAdejuwon JO , Ekanade O .１９８８ . A comparison of soil properties under different land use types in a part of the Nigerian cocoabelt . Catena １５ , ３１９‐３３１ .Bao WK , Cheng QH , Liu ZG . １９９５ . Degradation of mountain ecosystem in the upper reaches of Minjiang river andcountermeasures for their rehabilitation and reconstruction . Resources and Env ironment in the Y angtze V alley ４ ( ３ ) , ２７７‐

２８２ .
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Evaluation of fencing gbrassland and stopping grazing on grassland restoration in Inner
Mongolia
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Introduction Grassland degradation has happened in many parts of China during the last twenty to thirty years . It is vital to
protect these grasslands by taking steps to restore vegetation . Fencing grassland and prohibiting grazing have been regarded asthe most effective means for achieving this and have been widely promoted by central and local governments . However , theresults of these methods have not accorded with expectations .
Materials and methods The data in this article comes from two vegetation investigations in May and June of ２００７ in InnerMongolia . Sample plots were selected from four types of vegetation growing in typical grassland , desert grassland , desert andsandy area in grassland zone respectively .
Results In the short term , cessation of grazing yielded good initial signs of grassland restoration . Vegetation was restored tosome degree or even grew abundantly in some places . However , in the longer term , these results differed from expectationsand indicated that grassland fencing and grazing bans were inappropriate methods for restoring degraded grassland ( Table １ ) .
Table 1 Results o f grassland f encing and graz ing exclusion in samp led p lots .
Sample plot locations Originalvegetation Time since fencingand grazing exclusion Results

１ 挝
Degraded
Leynus
Chinensis

two years Increased production and proportion of Leynus
Chinensis

twenty years with somelivestock in winter ,cutting and burning
Amount of withered grass was six times thatoutside the fence ; species numbers per m２

decreased by over ten ; vegetation became Stip a
grandis .

２ 挝
Desert grassland inSunite Lef t Bannerin Xilingol Prefecture

Degraded Stipa
klemenz ii

Five , nine and thirteen
years

The production , species number , and
proportion of original plants decreased ;withered grass and indicator species for
grassland degradation increased .

３ 挝
Desert in AlashanPrefecture H aloxylon

ammodendr on ,
Reaumuria
soongolica

Five and nine years Production , length of green parts of shrubbranches and proportion of green partsdecreased ; mortality caused by witheringincreased .

４ 挝
Low‐lying inHushandake SandyArea , XilingolPrefecture

Seriouslydegraded Two to three years Abundant grow th due to good water conditionsand accumulated manure . The production wasover １００ times that before fencing .
Note : the result is concluded based on the average value of sampled plots .
Conclusions The grassland ecosystem does not only include grass , but also includes animals and herders . They have evolvedtogether for thousands of years . The method of fencing grassland and stopping grazing has failed to restore degraded grasslandbecause it excluded livestock and herders , who are important components in the grassland ecosystem . In order to protect
grassland , it is necessary to consider advantages of livestock in grassland management and make full use of them .



瞯 ]756　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Reclamation of Grasslands/Rangelands
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Introduction The extensive grazing of sheep , goats and camel occurs in the southern Jebel al Akhdar rangelands of northeastLibya . Climate is Mediterranean , characterised by winter precipitation between October and April . Annual average rainfalldeclines rapidly from ２５０ mm in the northern uplands to less than ３０ mm in the south . Vegetation is zoned dwarf shrub steppe .Perennial shrubs include A rtemisia herba‐alba , H aloxylon scoparium , A nabasis articulata , Suaeda p ruinosa , S . vera and
Salsola tetrandra ( SWECO １９８６ ) . Inappropriate and unsustainable historical and contemporary land use practices haveresulted in widespread severely degraded soil and vegetation ( SWECO １９８６ ; Anon . ２００４ ; Russell ２００６) . The study objectiveis to quantify range condition improvement in areas protected from grazing .
Methods and materials This integrated study utilised plant inventory surveys and a suite of permanent monitoring sites locatedwithin and outside fenced exclosures at three localities to investigate differences in perennial plant species richness , size anddensity , foliage biomass , energy and nutrient yield , landscape function , soil surface condition and soil micro‐nutrients . Plantinventorying was undertaken during the ２００６ spring flowering season and the other data were collected in early summer with asecond biomass sampling in early autumn ２００７ . Monitoring site layout and data collection protocol is based on the WesternAustralian Rangeland Monitoring System (Watson , Novelly & Thomas ２００７) .
Results and discussion Statistically significant differences between exclosures and open areas were found for all vegetation andsoil attributes except soil micro‐nutrients and some physical and chemical properties . Levels of erosion are less and speciesrichness and plant biomass are markedly higher within exclosures . For example , within the most productive exclosure ( MaduarZetun , natural regrow th protected for six years) , foliage biomass was approximately ２２２ kg ( DM ) per hectare and available
gross energy was approximately ２ ,１８２ MJ per hectare , compared to values of １２２ and １ ,１９８ respectively , in the adjacent openarea . A total of ３３ perennial species were recorded in the exclosure compared to ２２ in the grazed area . Mean soil surfacecondition ( index value １０３ ) , driven mainly by improved water infiltration and soil stability , had improved ２７％ during the sixyears of protection compared to the adjacent area subject to intensive , continuous grazing . This study highlights the interactionbetween vegetation and soil in land degradation . Protection from high grazing pressure allowed vegetation cover , richness andstanding biomass to increase with concomitant reduction in soil erosion . Improved soil surface condition probably facilitated
plant recruitment .
Conclusions This quantitative study supports visual observations that improvement has occurred in the protected areas but not inunprotected grazed areas . The study also supports forage biomass energy yield improvement predictions made by SWECO
(１９８６ ) as part of their range management recommendations to protect areas from grazing . It is estimated that at least １０ yearsof protection in the higher rainfall areas , and longer in the low rainfall areas , is required for range condition to improvesufficiently before being opened to controlled grazing .
ReferencesAnon . ２００４ , A Reconnaissance Evaluation Study o f the S tatus o f Natural Vegetation Cover o f A l Jabal A l A khdar ,Omar alMukhtar University , Al Baida , Libya .Russell , P . ２００６ ,�Range science and desertification in Jebel al Akhdar�, World Env ironment Day Seminar Series , Faculty

o f Natural Resources and Env ironmental Sciences , Omar Mukhtar University , A l Baida , L ibya , p . ３ .SWECO １９８６ , L and Survey , Map p ing and Pasture Survey f or ５５０ ,０００ Hectares o f South Jabel el A khdar A rea , forSocialist People摧s Libyan Arab Jamahiriya Secretariat for Agricultural Reclamation and Land Development , Contract No １５ /
９０ /８１ .Watson , I . W . , Novelly , P . E . & Thomas , P . W . E . ２００７ , �Monitoring changes in pastoral rangelands — the WesternAustralian Rangeland Monitoring System (WARMS)�, The Rangeland Journal , vol . ２９ , no . ２ , pp . １９１ － ２０５ .
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Suitable species for the reclamation and sustainability of saline land in southern Australia
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Introduction Dryland and irrigation induced‐salinity remain serious environmental problems in many parts of the world and mayworsen in scale due to the effects of climate change . In Australia , it is believed that around ５ .７ million hectares of agriculturalland are currently affected by dryland salinity — the majority of which is in Western Australia . In addition , due to a prolonged
period of drought and water shortage , there are now large areas of land in south eastern Australia that can no longer beirrigated and which are potentially saline . Selecting suitable grassland species to regenerate and rehabilitate saline landthroughout southern Australia is a research priority to ensure that production and sustainability is maintained .
Materials and methods This collaborative project , which involved four states and territories in Australia , commenced in ２００４ .Priority plant genera that showed good potential for salt and waterlogging tolerance were identified in the literature and using
practical knowledge ( Rogers et al . , ２００５) . These species were evaluated for salt and waterlogging tolerances under glasshouseconditions before promising species entered into a field assessment .
Results and discussion Suitable plant species that performed well included both introduced species and native Australian species
( Table １ ) . Ideally , species most suited to reclaiming saline land are those that combine good relative salt and waterloggingtolerance with vigorous grow th under non‐stressed conditions — however not many of the species evaluated fell into thiscategory . Consequently listed species range from productive , annual species ( e .g . Melilotus indicus ) suitable for grazing , toslower‐growing perennial species ( e .g . S porobolus v irginicus ) that propagate vegetatively and are effective at colonising andstabilising saline salt scalds . For some species ( e .g . Melilotus siculus ) , further research is required to identify suitablematching rhizobia before this species can reach its maximum potential in saline areas ( Rogers et al . , ２００７) . Further research isalso required in some annual species ( e .g . Medicago polymorpha) to select for salt tolerance at germination ( Nichols et al . ,
２００７) . It is important that all selected species are evaluated for their weed risk before being introduced into saline areas .
Table 1 Some identi f ied legumes , grasses and herbs w ith salt and waterlogging tolerance .
Plant Category Species
Legumes Lotus glaber Medicago polymorpha , Medicago sativ a , Melilotus indicus , Melilotus siculus ( syn .

messanensis ) , Melilotus sulcatus ssp . segetalis , T ri f olium hybridum , T ri f olium argutum , T ri f olium
ornithopodiodesGrasses A eluropus lagopoides , A ustrodanthonia carphoides , A ustrodanthonia linkii , A ustrodanthonia setacea ,
A ustrostipa bigeniculata , Distichlis distichophy lla , Poa sallacustris , Puccinellia ciliata , Puccinellia
distans , S porobolus mitchellii , Sporobolus v irginicusHerbs L aw rencia sp icata , Plantago coronopus .

ReferencesNichols , P . G . H . Craig , A . D . , Rogers , M . E . , Albertsen , T . O . , Miller S . M . , McClements , D . R . , Hughes , S . J . ,D摧Antuono M . F , Dear , B . S . ２００７ . Production and persistence of annual pasture legumes at five saline sites in southernAustralia . A ustralian Journal o f Ex perimental A griculture ( in press) .Rogers , M . E . Colmer T . D . , Frost , K . , Henry D . , Cornwall , D . , Hulm , E . , Deretic , J . , Hughes , S . J . , Craig , A . D .
２００７ . Diversity in the genus Melilotus for tolerance to salinity and waterlogging . Plant and Soil ( in press) .Rogers , M . E . , Craig , A . D . , Munns R . , Colmer T . D . , Nichols , P . G . H . , Malcolm , C . V . , Barrett‐Lennard , E . G . ,Brown , A . J . , Semple , W . S . , Evans , P . M . , Cowley , K . , Hughes , S . J . Snowball , R . Bennett , S . J . , Sweeney , G .C . , Dear , B . S . and Ewing , M . ２００５ . The potential for developing fodder plants for the salt‐affected areas of southern andeastern Australia : An overview . A ustralian Journal o f Ex perimental A griculture ４５ (４) ３０１‐３２９ .
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Range rehabiltation technologies in Uzbekstan
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The arid rangelands of Uzbekistan are extensive and cover an area of up to 17 .5 million ha , about 70％ of the total land area .This is one of the largest remaining rangeland ecosystems in the region of Central Asia .
Recently , rapid land degradation and desertification have been disturbing these rangelands areas ( T .Mukimov et al . , 2003 ) .Overgrazing by small ruminant domestic animals , inadequate management of grazing area and unsustainable uprooting of shrubsfor domestic use has mainly induced this land degradation and desertification .
Overgrazing due to higher pressure of animals per unit area and unsustainable , nonsystematic utilization is one of the primarycauses of desertification in the region for the last decade .
The natural factors of desertification and land degradation such as aridisation , deflation , salinisation in addition toanthropogenic ones , have sharpened the problem and decreased socio‐economic standards of the local populationBoth overgrazing and under grazing have negative effects on vegetation cover and disappearance of palatable species andreplacement with unpalatable ones . Only sustainable grazing strategies such as range rotation , and reasonable numbers ofanimals per area etc can help to rehabilitate severely degraded rangelands .
Creation of higher yielding artificial pasture ecosystems made from deep rooting ( 7‐10 m) shrubby species , which use moistureand nutrition from lower soil horizons is a promising way of range rehabilitation . Species o f H aloxy lon aphy llum , Kochia
p rostrata , Salsola orientalis , A rtemisia di f f usa etc and others are valuable fodder resources . Plantations of this pasturesconsist of fodder plants in a different ratio mainly 25％ shrubs , 50％ semi‐shrubs , 25％ forbs , which creates an optimalcanopy .
These types of pasture , af ter 3‐4 years , contain about 40‐45 species of ephemeris and ephemeredes and provide 1 .7 t of drymatter and 600‐1200 fodder units . Different species allow the use of this pastures all year round .
The unique feature of this technology is the planting of fodder species with physiological germinated seeds to specially preparedseedbeds and partial soil cultivation . The preliminary investigations have shown a good potential for yield to increase up to 1 .5‐
2 times .
These technologies offer ecologically safety , due to the partial range ploughing and economic efficiency due to application of
germinated seeds , which guarantee an optimal plant population per hectare and are applicable for small farms .
Economic benefits occur after 3‐4 years of work and farmers can then maintain it without extra investment during further use .
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Fire and grazing to improve wildlife habitat on introduced grass monocultures in Texas
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Introduction Guineagrass (Urochloa max ima) and bermudagrass ( Cynodon dacty lon ) were introduced into the USA with theobjective of improving forage production for cattle . However , these grasses became invasive and replaced native plantcommunities valuable for wildlife . Invasive plant species are considered the second most important threat to conservation ofbiodiversity ( Zalba et al . ２０００ ) . Prescribed fire can be used to stimulate regrow th , and improve quality and preference bygrazing animals as well as to increase insect abundance , wildlife and cattle usually concentrate on burned areas due to thesefactors . This phenomena provides an opportunity to use prescribed fire , followed by grazing , to reduce stands of invasive exotic
grasses and allow native plants an opportunity to recolonize these areas .
Materials and methods We conducted two companion projects in Willacy and Bee counties , Texas , to test the idea that
prescribed fire followed by cattle grazing can reduce the amount of invasive exotic grasses present . In the first study (WillacyCounty ) we evaluated the effect of a summer ( June) burning and intensive cattle grazing on guinegrass density and native plantspecies richness . Guineagrass density and native plant composition were monitored monthly for ７ months post‐burning . Fourtreatments with three replications resulting from the combination of prescribed burning ( burning and no burning) and intensive
grazing ( grazing or no grazing ) were evaluated . In the second study (Bee County ) we evaluated the effect of prescribed burning( November) and overseeding of armadillo burr medic ( Medicago polymorpha) on cover of forbs and insect abundance . Fourtreatment combinations with three replications were evaluated : seeding or no seeding , and burning or no burning , alltreatments were grazed by cattle . In both studies a randomized complete block design with a factorial arrangement of treatmentswas used to analyze the information . Main effects and interactions were considered significant at α ＜ ０ .０５ .
Results and discussion At the Willacy County site , prescribed burning reduced ( P ＜ ０ .０５) guineagrass density with an averageof ５８ ,６６７ plants / ha compared to ９３ ,３３３ plants / ha in non‐burned areas . These results agree with Skovlin ( １９７１ ) , whoindicated that guineagrass is susceptible to hot fires . Native plant species richness in the burning — grazing treatment increasedfrom １ to ４ .３ species/０ .２５ m２ , an increase of ３３０％ at the end of the study . Contrasting information has been reported byDrawe and Kattner (１９７８) , indicating that percent composition of grasses and forbs was affected by early summer burns whencombined with mowing . Ten important forbs used by white‐tailed deer ( Odocoileus v irginianus ) and six used by northernbobwhite ( Colinus v irginianus ) were newly recorded or increased １ yr af ter application of the burning treatments . Cattle andwhite‐tailed deer preferred burned areas .
At the Bee County site , cover of forbs in general was greater ( P＜ ０ .０６) in the burned areas with more than ６０％ compared toless than ３３％ for the unburned areas . Overseeding armadillo burr clover did not affect the cover of forbs ( P ＞ ０ .０５ ) ,however , insect abundance of three different families was higher ( P ＜ ０ .０５ ) in the burned and seeded areas . Abundance ofinsects is very important for diets of birds such as northern bobwhite .
Conclusions The results of these studies suggest that prescribed burning and cattle grazing can lead to an increase in native plantspecies richness reducing guineagrass density and increasing insect abundance , both of which are desirable for wildlife .
ReferencesDrawe , D .L . , and K .R . Kattner . １９７８ . Effect of burning and mowing on vegetation of Padre Island . Southwestern

Naturalist ２３ :２７３ ２７８ .Skovlin , J .M . １９７１ . The influence of fire on important range grasses in East Africa . Pages ２０１‐２１７ in Proceedings o f the １１ th

A nnual Tall T imbers Fire Ecology Con f erence , Tallahassee , FL .Zalba , S .M . , M .I . Sonagliona , C .A . Compagnoni , and C .J . Belenguer . ２０００ . Using a habitat model to assess the risk ofinvasion by an exotic plant . Biological Conservation ９３ :２０３‐２０８ .
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Food crops as temporary cover before pasture sowing in mountains of central Italy .
Pardini A . , Tallarico R . , Natali F .
University o f Florence‐Piaz z ale Cascine 18 — 50144 Firenze ( I ) E‐mail : andrea .pardini＠ uni f i .it

Key words : forage production , Solanum tuberosum , shrub encroachment , T riticum dicoccum

Introduction A consistent reduction in pastoral and agricultural activities has caused and degradation in marginal pastures ofCentral Italy . Many pastures are being invaded by unpalatable grasses and encroached by shrubs . . The recovering of the area isbased on crop diversification , reintroduction of native crops and livestock breeds , development of farm services connected totourism ( Pardini et al . , ２００２) . However the preliminary restoration of good pastures is necessary . We compared productivityand costs of ２ strategies for rehabilitation of mountain pastures . The research has been fund by ARSIA agency of the regionalGovernment .
Materials and methods We compared ２ succession strategies ( debrushment‐pasture , debrushment‐crop‐pasture ) including ３treatments : T１ ( debrushment‐pasture sowing ) , T２ ( debrushment‐one year potato crop‐pasture sowing ) , T３ ( debrushment‐one year cereal crop‐pasture sowing ) .
An enchroached area of ２ ha was cleared in September ２００３ , cultivated and sown in summer ２００４ . In T１ ４０ kg / ha pasturemisture has been sown , this comprised ６ species : ２５％ Festuca rubra �Engina" , １７ .５％ Phleum p ratense �Clima" , １７ .５％
Lolium perenne �Lisabelle" , １５％ T ri f olium repens �Huja" , １２ .５％ T . p ratense �Start" , １２ .５％ Lotus corniculatus �S .Gabriele" . Contemporarily , a native Solanum tuberosum was planted in T２ at the dose of １ t / ha tubers , and a native T riticum
dicoccum was sown in T３ at the dose of １００ kg / ha . Af ter one year crop ( potato or cereal) the two plots ( T２ and T３ ) weresown with pasture mixture ( the same of T１) in March ２００５ .
Measurements done were the following : Crop and forge yield ( sampling areas of ５ m in ２００５ ) . Costs and theoretical incomes( investigation in local markets in ２００５) . Pasture botanical composition ( linear analysis in ２００７) .
Results and discussion Crop and forage yield in ２００５ were good (４ ,８ t ha‐１ forage hay , １０ .０ t potato , ２ .４ cereal) .Costs and gains ( Table １) . The most convenient strategy for pasture rehabilitation in the area was one year potato croppingfollowed by pasture sowing ( gain of ５３７０ per hectare) however establishment costs were the highest of the ３ treatments . Thecereal gave only ８４０ per hectare , however this system gives some gain already at the first year with limited costs slightlyhigher than direct pasture sowing . Direct pasture establishment is not convenient for the first １‐２ years ( balance – ３１２ perhectare) as it takes time before the pasture can be grazed and some livestock sold .
Table 1 Comparison o f costs and gains .

T１( ／ha) T２( ／ha) T３ ( ／ha)
Costs ８４０ �.００ １６３０ k.００ ９８０ 北.００
Gains ５２８ �.００ ７０００ k.００ １８２０ 热.００
Balance ‐３１２  .００ ５３７０ k.００ ８４０ 北.００

The specific contribution of the sown species in ２００７ was better were the pasture sowing was preceded by one year crop ( ４５ .
１４％ with potato , ３９ .６８％ with the cereal) than were pasture was sown directly (２２ .３１％ ) , probably the new cultivation afterharvesting has destroyed more weeds .
Conclusions There is economic convenience for pasture rehabilitation in mountains of Central Italy , moreover there areenvironmental benefits . Higher incomes and better botanic composition suggest that encroached pastures are sown better afterone year cropping phase than with direct pasture sowing .Finally , an overall return for the economy of the area is possible by pasture rehabilitation thanks to links with naturalistictourism .
ReferencePardini A . , Mosquera M .R . , Rigueiro A . , ２００２ . Land management to develop naturalistic tourism . Proc . V InternationalIFSA ( Int . Farming Systems Association) Sym . , April ２００２ .
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A strategy to select and implement restoration projects in the Great Basin desert
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Introduction The Great Basin is North America摧s largest desert , encompassing nearly ５５ million ha of land between the Rockyand Sierra Nevada Mountains in western North America . The US Department of the Interior , Bureau of Land Management
( BLM ) is the largest land holder in this desert and is responsible for managing ３０ million ha of rangelands . BLM initiated theGreat Basin Restoration Initiative in １９９９ to maintain healthy shrublands and to restore degraded lands infested with invasivespecies that were promoting wildfire expansion . Currently , funds for restoration are limited , stimulating the need for a land ,potential‐based strategy to prioritize restoration treatments .
Materials and methods A pilot study was initiated in ２００５ on ４ million ha in the Owyhee Uplands area where the states of Idaho ,Oregon and Nevada join to develop assessment tools that could be used to develop a strategy to prioritize restoration treatments .The basis for determining the potential plant communities are USDA soil surveys ( Third Order Soil Survey) and the ecologicalsites associated with mapped soils ( Figure １ ) . Current plant communities are mapped using remote sensing , image analysissof tware , and ground data ( Figure ２ ) . Comparing the potential plant communities on a landscape with the current plantcommunities allows managers to identify potential treatment areas to restore desired native plant communities . In this example ,encroachment of Western Juniper ( Juniperus occidentalis ) , a native conifer tree , is replacing big sagebrush ( A rtemisia
tridentata) and associated herbaceous species due primarily to fire exclusion .

Figure 1 Soil map p ing unit ( dark gray ) w ith
sagebrush potential and 15％ historic j uniper
woodland inclusions .

　 　 　 　

Figure 2 Existing p lant communities show ing historic
j uniper communities in black , j uniper encroachment
in dark gray , and sagebrush in light gray .

Results Managers would like to reduce juniper encroachment and restore native sagebrush/ herbaceous species while maintainingthe historic juniper woodlands . This approach classifies the western juniper encroachment areas suitable for treatment and thehistoric juniper woodlands where treatments should be avoided . T reatments to reduce juniper encroachment include prescribedfire , mechanical cutting , and herbicides . This landscape scale approach provides information for the strategic prioritization andselection of treatment areas after considering additional resource and economic criteria .
Conclusions Large landscapes can be evaluated for departure from the potential plant community by comparing edaphic/ climate‐based soil surveys and their associated ecological sites with existing plant communities derived from remote sensing data . Landtreatments to restore desired plant communities can be focused on areas with the greatest ecological benefits and potential forsuccess .
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Assessment of plant biodiversity in the over grazed marginal lands of Kovilpatti
M .Ramamoorthy and I .S .K rishnasamy ,
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Introduction The study area is located in the outskirts of Kovilpatti (９° N ７８°E) , Thoothukudi district , Tamilnadu , India andmany farmers have abandoned their semi arid marginal dry lands due to drought , marginal yield and the change in their lifestyle . The abandoned marginal lands were utilized for goat grazing and herbal collection . The conservation of plant biodiversityis uncertain in the marginal lands by over grazing , and human activities .
Materials and methods Two study areas were selected . Both the study sites were adjacent to each other with similar soil andenvironmental condition . Site A (９０ ha) which was abandoned since ２００４ . Site B (１１０ ha) was abandoned since ２００１ . About
１０ numbers of permanent quadrates ( ４ meter wide and ２５ meters long ) were marked randomly in each study sites duringDecember ２００６ . The rainfall falling was observed above the annual median during the months of October and November . Thehighest number of species was noted during November , December and January . The frequency density of plant species in the
quadrates was analyzed . The data obtained during December ２００６ was taken for this study .
Results and discussion The study assessed the impacts raised by the over grazing of goats and human activity on the plantbiodiversity . Some ３４ species of plants were identified in the study areas ( Table １) .
Table 1 shows the species density in the study area ( 倡 unp alatable species) (倡倡 Medicinal p lants)

Plant species Density Plant species Density Plant species Density
Site A Site B Site A Site B Site A Site B

Abutilon indicum倡倡
２０ 乙.５ １２ 1.７ Gloriosa superba倡倡 ０ 邋.１ ０ qScilla hyacinthiana ０ I.２ ０  

A erva lantana倡倡 ５ 换.５ １  .２ H ibiscus micranthus ２０ �.５ ９ C.７ T ragia canabina倡倡 ０ I.１ ０  
A nesomeles indica倡倡 ０ 换.２ ０  .２ Indigo f era tinctoria ０ 邋.２ ０ qT richodesma indicum倡倡

０ I.１ ０  
A ristida dep ressa １７ 乙.９ １８ 1.４ Jatrop a gossip i f olia ０ 邋.５ ０ C.２ T rium f etta rhomboidea ２４ `.２ １１ 觋.６
Barlaria cusp idata ０ 换.２ ０  .２ Leucas aspera倡倡 ０ 邋.５ ０ qV icoa indica ０ w０  

Biophytum sensitivum １ 殚０ HMelotheria species ０ 邋.１ ０ qShrubs
Caraluma pauci f lora ０ 换.１ ０ HMullugo nudicaulis ０ 邋.３ ０ qA cacia arabica ３ w２  
Cissus qudrangularis倡倡 ０ 换.１ ０  .１ Ocimum sanctum倡倡

１ 邋.２ ０ qCassia auriculata １ w０ 佑.２
Cleome monophy lla ０ 换.７ ０  .２ Percularia daemea ０ 邋.１ ０ qMorinda tinctoria １ w１ 佑.９

Cleome v iscosa １ 换.２ ０  .７ Phy llanthus nirurii倡倡 ０ 邋.１ ０ qProsop is j uli f lora倡 １ w７  
Enicostema species倡倡 １ 换.２ ０ HP . maderaspatensis ０ 邋.１ ０ C.１ Ziz y pus species ０ I.４ ０ 佑.３
Evolvulus alsinoides ０ 换.１ ０  .１ Ophiuros exaltatus倡 ９ 邋.６ ２８ Z.５

In site A , the tree species — A cacia arabica , and herbs like T rium f etta rhomboidea and H ibiscus micranthus were dominantthan the other species . The thatching grass Ophiuros exaltatus and Prosop is j uli f lora showed emergence in the site A alongwith other dominant species . A cacia arabica and H ibiscus micranthus showed a decrement in distribution in site B . Thatchinggrass — Ophiuros exaltatus , herb — T rium f etta rhomboidea and the hedge bush‐Prosop is j uli f lora were dominant and otherspecies were scanty in the site B .The goats are capable of penetrating the thickets of the study site and able to forage ９５％ of
plant species in the sites . Palatable species are lesser in density in site B than A . The establishment of unpalatable plant specieswas evident in site B . The loss of biodiversity and the lost plant species has not been recognized immediately ( Abel et al .
１９９８ ) . The dominant grass Ophiuros exaltatus was unpalatable and avoided by goats . The sticky seeds of T rium f etta
rhomboidea were dispersed elsewhere by sticking through goat摧s body . Prosopis seed pods were consumed by goats and seedsare dispersed through guano pellets of the goats . Understanding the biodiversity of plant communities is essential to sound landmanagement ( Burrows １９９８) . Regulated goat grazing and herbal collection may help the biodiversity management of marginallands . Further studies are continued .
ReferencesAbel . N , Ross .H , &Walkerp . １９９８ . Mental models in range land research communication and management . The range land ,

Journal ２０ .７７‐９１ .Burrows , W .S . , １９９８ .Woodland monitoring �Traps摧 T ransect Recording and Processing system ( draft) ( eds P .V . Back , E .R .Anderson , W .H .Burrows . M .J .J .Kennedy & J .O .carter) Department of Primary Inductries , Queensland .
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Soil compaction by slurry injection and the effect on soil quality
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Key words : grassland , soil compaction , slurry injection , soil physical , soil biological
Introduction In ( organic) dairy farming , fertilization of grassland with manures , such as slurry , is important to maintain yieldlevel and soil quality . Slurry is mainly applied by shallow injection ( ４ cm ) into grassland . During injection , trafficking mayadversely affect soil structure by compaction . This risk is largest in early spring , when the soil is relatively wet . Soilcompaction can result in deterioration of physical and biological soil characteristics . The objective of this experiment was toquantify the effect of soil trafficking in early spring on physical and biological soil parameters .
Materials and methods The experiment was carried out on a sandy soil with a １０‐year old permanent grass‐clover sward ( Lolium
perenne and T ri f olium repens ) . The experimental design consisted of four treatments in five replications : with and withouttrafficking , and with and without slurry application . On the １４ th of March ２００５ , treatments were established with a ２５ Mgweighing tractor pulled sod‐injector . On the １８ th of March and the ９ th of May ２００５ , soil samples were collected on theunfertilized treatments to determine physical and biological characteristics . Soil physical characteristics were bulk density (０‐３０cm , undisturbed ring samples of ５ cm high) , penetration resistance (０‐５０ cm , penetrologger) , soil structure (０‐２０ cm , visualscore) , number of roots and macropores ( at １０ and ２０ cm depth , visual score) . Soil biological analysis were number , biomassand development stage of earthworms (０‐２０ cm) , number and species distribution of nematodes ( ０‐１０ cm) , and bacterial andfungal biomass (０‐１０ cm) .
Results After the single pass with the sod‐injector , tracks were clearly visible . However , the single pass with the tractor pulledsod‐injector had no effect on bulk density , soil moisture content , visible soil structure , number of roots and macropores ,number and development stage of earthworms , number and species distribution of nematodes , and bacterial or fungal biomass
( see Table １) . Specific for nematodes , Bouman and Arts (２０００) found a shif t in tropic groups of nematodes when the soil wascompacted frequently for five years . Soil penetrability in the upper ５０ cm was always lower in the tracks , but only significantlylower in the soil layers ０‐１０ , １０‐２０ and ４０‐５０ cm . The cell volume of bacteria in the tracks had significantly increased . Thiscould point to lower predation by protozoa and nematodes in the soil food web . Nine weeks after the single pass of the tractor ,the biomass of earthworms seemed to have decreased ( P ＝ ０ .０９ ) . Aritajat et al . ( １９７７ ) found no effect on earthworms aftertrafficking the soil once . However , af ter ten passes , the number of earthworms was significantly reduced .
Table 1 Selection o f soil parameters measured in soil w ith and w ithout traf f icking .

Penetration resistance( MPa) ,
１８
th of March Earthworm biomass

( g m‐２ )
Cell volume bacteria
( μm‐３ per cel)

０‐１０cm １０‐２０cm ２０‐３０cm ３０‐４０cm ４０‐５０cm １８
th ofMarch ９

th ofMay １８
th ofMarch

Without trafficking １ %.１５a １ �.４１a １ 葺.６８ ２ 北.４０ ２ s.７３a ８４ 吵１３１ 灋０ Q.４０b
With trafficking １ #.０２b １ 鲻.２１b １ 葺.５９ １ 北.８９ ２ q.３５b ９０ 吵７８ 噰０ S.５０a

Values indicated by the same letter within a column are not statistically different at the ５％ error level .
Conclusions A single pass of a heavy tractor‐pulled sod‐injector had only small effects on physical and biological soilcharacteristics . However , frequent trafficking leads to significant changes in physical and biological soil characteristics .
ReferencesArtitajat , U . , Madge , D .S . & P .T . Gooderham ( １９７７ ) . The effects of compaction of agricultural soils on soil fauna . I .Field investigations . Pedobiologica １７ : ２６２‐２８２ .Bouwman , L .A . & W .B .M . Arts ( ２０００ ) . Effects of soil compaction on the relationships between nematodes , grassproduction and soil physical properties . A p p lied Soil Ecology １４ : ２１３‐２２２ .
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The choice and siting of natural vegetation in reclamation of disturbed land
T . Weaver , K . A ho , and S . Regele
Ecology Department , Montana State University , Bozeman MT 59717 . E‐mail : tWeaver＠ Montana .edu

Key words :Reclamation , vegetation types and composition , habitat identification , emplacement
Introduction It is of ten desirable , or required by law , to reclaim disturbed land with natural vegetation . In the steppes of theworld this involves large areas disturbed by cropping , marginal cropping (CRP) , road building , and mining . For example , inMontana摧s ３６５ thousand square kilometers of steppe‐‐environmentally comparable to adjacent states and Mongolia‐‐thesedisturbances are currently １４％ , ０ .６％ , ０ .６％ and ０ .０１％ respectively and with energy development un‐paved roads and mine/gas sites are increasing .
We suggest that the best natural reclamation targets are the communities that occupied the site before its disturbance . And thatthese communities will establish best if they are seeded into landscape units ecologically equivalent to those they occupied beforedisturbance . Methods for application are tested .
Methods Our data base came from points surveyed by the Absaloka mine , Hardin MT as one requirement for acquiring coalmining permits . At each of ８４０ pre‐disturbance sites , plant species were listed ( with estimates of their percent cover ) andpresumptive landscape factors / variables were measured , i .e . topography ( egg bottom , slope , ridge) , configuration ( convex ,straight , concave) , slope and aspect , and soil ( clay and rock％ ) .
Target vegetation types were identified with three tools : ordination ( to relate all samples one‐to‐another ) , classification ( toprovide a hierarchical grouping of samples) and pruning analysis ( to determine an optimal number of types) .
The correlation of each of the eight pre‐mine vegetation types with landscape factors was calculated/ presented by threemethods . The vegetation types were logistic regressed against landscape factors . The vegetation types were CART regressedagainst landscape factors . And after identification of the primary factors , the presentations were simplified by plottingcalculated occurrence on axes in a space defined by those factors , i .e . by plotting actual observations , probability of presence( logistic regressions) , and most likely community ( CART ) .
Results and conclusions Ordination , classification , and objective pruning objectively identified eight pre‐disturbance naturalcommunities appropriate for the mine摧s post‐disturbance landscape . The best sub‐optimal alternative community numbers werefive and sixteen . A summary releve table characterized and compared the communities by listing all the species present , theirconstancies ( ％ of stands in a type in which the species appeared) , and their percent ground cover . We suggest that that seedmixes should contain most of the high to moderate constancy species , no exotics , and in amounts consistent with reestablishingthe original cover levels .
Siting by logistic regressions , CART regressions , and graphical models was compared . CART carpets a site with the singlemost probable [�best摧] community for each landscape facet . The logistic regressions provide a basis for calculating theprobability that any vegetation type will occupy any facet of the site . Thus they offer more flexibility to engineers by presentingalternatives which may be nearly as likely to establish and perhaps more satisfying with respect to other criteria includingaesthetics , rarity of species , and forage quality . We also favor the logistic models because they have more regional generality ,i .e . because they can be more validly extrapolated to areas with slightly different climate and soils . Af ter the identification ofprimary controls ( correlates) it is desirable to simplify application of the regressions by use of graphical models .
ReferencesT Weaver , K Aho , F Dougher , S Wood and S Regele ２００７ . Studies of vegetation habitat association ( VHA) for surface minereclamation . f tp :/ / seedbank .msu .montana .edu/ pub/VHA ＿ Final ＿ Report .pdfK Aho , D Roberts , and T Weaver ２００７ . Using geometric and non‐geometric internal evaluators to compare eight vegetationclassification methods . Journal of Vegetation Science , in p ress .Aho , K . ２００６ . Multivariate clustering for objective classification of vegetation data . In ２００６ Billings L and Reclamation

Symposium , June ５‐８ ,２００６ ,Billings MT . Jointly published by BLRS and A SMR ３１３４ Montav ista Rd . , Lex ington KY
４０５０２ .http :/ / ces .ca .uky .edu/ asmr / A nnual％ ２０Con f erences .htmK Aho , D Roberts , and T Weaver ２００７ . Using geometric and non‐geometric internal evaluators to compare eight vegetationclassification methods . Journal of Vegetation Science , in p ress .T Weaver , K Aho , F Dougher , S Wood and S Regele ２００７ . Studies of vegetation habitat association ( VHA) for surface minereclamation . f tp :/ / seedbank .msu .montana .edu/ pub/VHA ＿ Final ＿ Report .pdfWeaver , T . , and K . Aho . ２００６ . Identification of community types of SE Montana as targets for mine reclamation . In ２００６
Billings L and Reclamation Symposium , June ５‐８ , ２００６ , Billings MT . Jointly published by BLRS and A SMR ３１３４
Montav ista Rd . , Lex ington KY ４０５０２ .
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Study on wind‐sand defending mechanism of single shrub
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Introduction Sand‐fixing grass belt is an important part of Wind Erosion Protective System (Dong Zhi , ２００４ ) . By studying thewind velocity and sand‐transporting quantity around single shrub in this area , wind‐sand defending mechanism was analyzed inorder to provide a theoretical foundation for the building of sand‐fixing grass belt .
Materials and methods In the sand‐fixing grass belt , using PC‐２F multichannel Anemometer and Sand Collectors , wind velocityand sand‐transporting quantity around single shrub were observed . The Observation height was decided based on the height ofshrub . The wind velocity recording time was one time for one minute , ６０ minutes for one experiment . At the same time , sand
(０ ～ ２０cm from ground) was collected every ３ minutes . Then sand was weighed by １ /１０００g electron balance , and the sand‐transporting quantity was calculated .
Results On the windward side of the shrub , airflow was blocked and wind speed declined , when arriving the top and the side ofshrub , it accelerated . On the leeward side , wind velocity was declined on different degree , away from shrub , wind velocitystart increase and renew to original velocity . For the shrub with closed structure , wind velocity declined quickly and renew
quickly . For porous structure , wind velocity declined most and renew slow ly . For ventilation structure , wind velocity declinedleast ( Figure １) . In addition , on the leeward side , Sand transporting quantity is the least , while , on the other two sides , it isthe most , which is the same with the change of wind velocity . Therefore , on the windward and leeward side , sand wasaccumulated , but on the other two sides , there is a wind erosion area . However , wind direction usually changed with season ,which will result in sand sediment around every side of the shrub and form the shrub‐sand pile ( Figure ２) .

Figure 1 w ind velocity around the shrub .

　 　 　 　 　 　 　 Figure 2 Sand transporting Quantity around the shrub .

Conclusions Shrub , higher than ground , is a holdback of airflow movement , when the airflow go though it , velocity willdeclined on the windward and leeward side , which is the main factor of wind‐sand flow cumulating , and is also the mechanismof sand fixing of shrub . Based on the above experiment , shrub with porous structure has the best wind‐sand defending effect .
ReferenceDong Zhi , ２００４ . Research on Farmland Wind‐Sand Disaster of Oasis and its Control Mechanism in Ulan Buh Desert , Chinesedegree paper data .
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Design of Leylus‐chinensis grassland root‐cutter
You Yong ,W ang Decheng .China A gricultural University ,＋ 0086 10 62737147 .E‐mail : shirt＠ cau .edu .cn

Key words : degenerated glassland ,Leylus‐chinensis ,soil hare layer , root‐cutter ,the curve of blade
Introduction Eliminating the soil subsurface hard layer and cutting off the transverse roots of Leylus‐chinensis to promote its
propagation and self‐reproduction by a mechanical method is a way to improve degenerated Leylus‐chinensis glassland ( YanZhijian ,２００２) . Shallow ploughing can loosen the soil and promote root system reproduction (Burgess , C .P ,２０００) .In order to
serve the above purpose the gap disc harrow is usually used , the rotary cultivator , the no‐wal‐coulter and so on . However ,
these tools may cause soil wind erosion or water erosion , and destroy the pasture vegetation . Therefore , designing a new root‐
cutter , which can shut off Leylus‐chinensis root with little destruction to vegetation and soil ,is necessary .

　 　 Figure 1 Sketch chart o f root‐cutter .

Methodology As Figure .１ shows , the root‐cutter designed is
composed of the blades and the cutter head base which were
built in the axletree by symmetrical keyways and driven
revolving at high speed by lat key transmission load , to
complete the cutting root process . Every blade is fixed in the
cutter head singly , so it is replaced easily if broken ,６ ～ １２

blades could be built in the cutter according to the pasture
situation .The cutting edge curve is a section of the concentric
circle , which satisfies the sliding‐cutting performance
( Gupta , J . p , Pandey . K . P ,１９９６ ) . The cutter radius of
gyration is ３５０mm , its head base radius is １５０mm ,and the .When used in the experimental plot ,it s` approaching speed
was １ .２ ～ １ .５m/ s , and the rotational speed was ５００r /min .
Results and discussions Experimental plots were placed in

　 　 Figure 2 cutted Root and slot in soil .

selected Leylus‐chinensis degraded grassland in The Hebei
Guyuan G rassland Ecosys tem observation research s tation .
The root‐cutting rate ( the roots s` proportion which were cut
off ) and the width of slot on the soil surface were increased
when the cut root depth changed from １５０mm to ２００mm ,
Even if the depth is only then １５０mm , the rate also achieved
above ９０％ , and the width is only between １０ ～ １５mm . After
cutting work had finished , the pasture plot looked like that in
fig .２ . Compared with other soil cultivation conditions , the
cutter had broken the soil hard layer ,but it did not turnor
plow the soil , . It created a slot which is a litter thicker thanthe thickness of the blade . The cutter had cut off most of
roots ,but it did not destroy native vegetation , and there were
fewer roots which had been drawn out of the soil .t he use of
this cutter could protect the soil against wind erosion or water
erosion , and improve the soil structure to a certain extent ,
but it cannot change soil conditions like a loosening tiller .
Conclusions Ddesigned a kind of rotaty root‐cutter which was used to breaking soil hard layer and cutting off Leylus‐chinensis
roots to promote its develop , in this way ,the eteriorated grassland could be improved .The cutter could shut off Leylus‐
chinensis roots completely ,however make a small destruction to the pasture soil and vegetation .
References
Burgess , C .P ,Chapman , R ,Singleton , P .L ,Thom ,E .R ,２０００ .Shallow mechanical loosening of a soil under dairy cattle
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Distributed overgrazing : a key cause of grassland degradation in Inner Mongolia
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Introduction The common perception that overgrazing is the main reason for grassland degradation in China , is based on asimple formulaic statement that total livestock population exceeds the carrying capacity of grassland ( SEPA , ２００１) . However ,the actual distribution of livestock has been consistently overlooked .
Materials and methods Our case study site of Baiyintala Village ( Gacha) , is located in the low‐yielding desert grasslands ofnorthwestern Xilingol Prefecture , Inner Mongolia . Interviews were conducted with ２８ herders , or one third households in thisvillage , covering topics such as grassland utilization , availability of water resources and methods to combat drought .
Results Whereas quantitative overgrazing , simply emphasizes that total livestock numbers exceed grassland carrying capacity ona large spatial‐temporal scale ( e .g . at the province or country , or for one year or longer) regardless of how these livestock areactually distributed within the grassland , distributed overgrazing describes overgrazing where the livestock population exceeds
grassland carrying capacity at a smaller spatial‐temporal scale ( e .g . a natural village or hot , or for one season or longer) andresults from change in abiotic factors , such as precipitation or the system of sedentary animal husbandry linked to HouseholdProduction Responsibility System ( HPRS) . There are five factors leading to distributed overgrazing : ( a) an uneven livestockdistribution among different households摧 grassland under HPRS ( Figure １ ) ; ( b ) increased impact of livestock resulting intrampling caused by shortage of drinking water and grassland ( the red line replaces the green line under HPRS in Figure ２ ) ;( c) imbalanced grassland use caused by a simple livestock structure ; ( d) over‐trampling on fixed routes for water on everyherder摧s grassland ; and ( d) overuse in drought when livestock cannot be moved under HPRS constraints .

Figure 1 L ivestock distribution o f 28 samp led herders摧
households in Baiy intala in 2006 .

　 　

Figure 2 Multip lied graz ing routes caused by H PRS
imp lementation .
Note : ( a) is hot be f ore H PRS and (b) is Bater摧s grassland
use under H PRS .

Conclusions Investigation of grassland use in the case study site indicates distributed overgrazing needs to be added to thecurrent explanation for grassland degradation which merely emphasizes total livestock population . The change in livestockdistribution under the HPRS has played an important role in grassland degradation .
ReferenceState Environment Protection Administration ( SEPA ) . ２００１ Report on the State of Environment in China . Env ironmental
Protection . ６ (２００１) : ３‐１０ ( in Chinese) .
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Seedling recruitment in steppe communities
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Introduction Seedlings are central to population maintenance , community structure and succession . The conditions of seedling
grow th can play an important role in local‐scale species richness and productivity ( Zeiter et al . , ２００６ ) . Relatively few studieshave addressed seedling‐recruitment in semiarid grassland ecosystems of Inner Mongolia . The dynamics of seedling recruitmentafter different types of disturbance is unclear for many species in this region . The aim of the present study was to evaluate theseasonal dynamics of seedlings in typical steppe communities .
Materials and methods Three perennial graminoid species from the steppe community of Inner Mongolia were selected for
population and seedling studies . The experimental site was located in an area of flat terrain in the southern part of DuolunCounty , Inner Mongolia . T reatment included mowing and grazing . This experiment was started in Mid‐May , and extended toearly October . To facilitate seedling monitoring , eight ２５cm ２５cm quadrates were sampled in each of ５ replicated subplots .
Result and discussions Seedling densities of all species showed an increasing trend during the grow th period . Seasonal seedlingdynamics of S . krylovii was similar to that of the Gramineae , which account for majority of the seedlings .

Figure Seasonal dynamics o f seedling dendity .

In a comparison of all three species , the pattern of relative seedling density was S . krylovii ＞ C . squarrossa ＞ A .cristatum ( P ＜
０ .０５) under control conditions , but under both grazing and mowing treatments the rank order was C . squarrossa ＞ S . krylovii
＞ A . cristatum ( P ＜ ０ .０５ ) . Mowing disturbance results in a reduction of reproductive parts , especially for late‐floweringplants . This land use practice , therefore , can induce seed limitations for a species normally producing a sufficient amount ofseeds ( Overbeck et al . , ２００３ ) . The species in this experiment , however , all had later reproductive phenology . The tall‐growing species‐ S . krylovii lost a larger proportion of biomass than the smaller plants when mowed .
Conclusions From the standpoint of seedling density , S . krylovii accounted for the majority of all seedlings present in the study
plots . It摧s trend of seedling recruitment , however , was similar to that of the other species . In this typical steppe community ,seedlings , especially of the dominant species , played a vital role in population recruitment .
ReferencesOverbeck G , Kiehl K , Abs C ( ２００３ ) . Seedling recruitment of Succisella inflexa in fen meadows : Importance of seed andnicrosite availability . A p p lied Vegetation Science , ６ , ９７‐１０４ .Zeiter M , Stampfli A , Newbery DM ( ２００６ ) . Recruitment limitation constrains local species richness and productivity in drygrassland . Ecology , ８７ , ９４２‐９５１ .
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The cause of grassland desertification and its managing strategies in Inner Mongolia , P .R .
China (Session :A6)
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Introduction Over ３５％ of pasture land has degraded or desertified in Inner Mongolia in the past ５０ years ( Erdenijab , １９９６) andthe degrading rate is much faster ( ～ １２％ ) in some area such as Qigen Gacha , Ongnuud Banner , and Inner Mongolia in recentyears . The cause of grassland degradation and desertification was investigated and analyzed in the paper .
Materials and methods We surveyed changes of human population , livestock number , pastureland , living style , etc . in InnerMongolia and specifically in Qigen Gacha , Ongnuud Banner Inner Mongolia , China . Data was recorded and analyzed . Thesatellite images of Horqin desert of Inner Mongolia were obtained by China Remote‐Sensing Satellite Ground Station on １１August １９８７ and ２４ July ２００４ with ３０m spatial resolution .
Results A case study in Qigen Gacha , Ongnuud Banner , Inner Mongolia showed that human population , livestock number ,open land for cultivation increased , and the usable grassland decrease over time ( Table １ ) . It is the case in whole InnerMongolia , China . Human population in Inner Mongolia increased dramatically from ２ million in １９４７ to ２４ million in ２００４

( Table １) . With the increasing human population in the region , open land for cultivation increased about ８００ times in １９９５compared to that in １９５７ in Inner Mongolia [ Table ２ ; Erdenijab ( １９９６ ) & Heilig ( １９９７ ) ] . Due to grassland desertification ,fresh water including lakes and rivers are disappearing ( Figure １ ) .

Table 1 Changes o f Population , L ivestock , and Grassland
in Qigen Gacha , Ongnuud Banner in Inner Mongolia over
time .
Year Population Livestock Grassland( mu) Open Land( mu)
１９４７ 垐２２０(２M ) 倡 １０４０  １００ ,０００ 1０ ┅
１９８０ 垐５８５  ５１００  ８５ ,０００  ３０００ 铑
２００４ 垐８００(２４M ) 倡 ９７００  ６０ ,４００  １５０００  

倡 Number in braokets represent human population in Inner
Mongolia ; M :million

Table 2 Open land f or cultiv ation in Inner Mongolia over
time[ From Erdeni j ab(１９９６ ) & Heilig(１９９７ )] .
Year １９５７ 佑１９６１ 2１９７６ 悙１９８５ 镲１９９５ o

Open land
１０００ ha １０ ゥ５００  ９２０ y６８３４ 镲７６１２ o

　 　 Figure 1 Satellite images o f grassland
deserti f ication in Horqin , Inner Mongolia f or
１８ years .

Conclusion We conclude that grassland degradation in Inner Mongoliais caused by human activities including : １ . A large increase in human
population ; ２ . Opening land and cultivation ; ３ . Cutting trees andgrasses for fuel ( Data not shown) ; ４ . Increase in livestock number(１０％ in Qigen Gacha , Inner Mongolia by ２００４ ) ; ５ . Changing theherding style ( from nomadic to semi‐nomadic to settled , withoutrotation) ; ６ . Rodent and insect infestation (Data not shown) . Basedon these causes and comparison to the grassland managementstrategies in the USA , we believe that recovering the plant diversityand reforestation in the deserted area is the only way to control
grassland desertification and prevent further grassland degradation inthe area . It is obvious that controlling the situation is a long‐term battle requiring a comprehensive effort . This will requireestablishing a world‐wide net‐work and getting more international support for controlling the�environmental disaster" in InnerMongolia , P . R . China .
ReferencesErdenijab , E . (１９９６) . An economic assessment of pasture degradation . In Humphrey , C . , and Sneath , D . ( eds .) , Cultureand the Environment in Inner Asia : １ The Pastoral Economy and the Env ironment , White Horse Press , Cambridge , UK ,
pp . １８９‐１９４ .Heilig , G . １９９７ . Anthropogenic factors in land‐use change in China . Population and development rev iew ２３ (１ ) ;１３９‐１６８ .
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Effects of slope and defoliation intensity on the effectiveness of desert wheatgrass for reduced
runoff and soil erosion under simulated rainfall
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Introduction In order to protect reservoir from non‐point source pollution , one of the best management practices is to restore thesloping farmlands to grasslands in the areas surrounding the reservoir . Desert wheatgrass ( A gropy ron desertotrum ( Fisch .)Schult .) is notable for its drought resistance and strong ability to stabilize soils and reduce erosion due to the deep penetrationof root system and easy establishment . The objective of this study was to evaluate the effects of slope and defoliation intensityon the effectiveness of desert wheatgrass for runoff and sediment reduction .
Materials and methods The experiment was a split‐plot with a randomized complete block design . Slope ３０％ vs . １５％ were thetwo main plots and ground cover types ( bare ground , desert wheatgrass defoliated at ６ cm stubble height , and desertwheatgrass defoliated at １２ cm stubble height) as the subplots (１ .５ m wide by ４ .６ m long ) in each block with ３ replicates . Thedesert wheatgrass was established in the fall of ２００５ and defoliated whenever it entered the heading period in ２００６ and ２００７ andthe accumulated forage yield was summarized . In ２００６ ( the desert wheatgrass got full grow th from last defoliation) and in ２００７( the desert wheatgrass was just harvested) , two separate simulated rainfalls at a rate of ５５ mm h‐１ for ２０ min were applied tothe plots on consecutive date ; the former represented dry soil condition (Dry Run) and the latter represented wet soil condition
(Wet Run) . Data were analyzed using SAS ８ .０２ PROC ANOVA procedure .
Results No significant effect of stubble height was detected on the accumulated forage yield , but １５％ slop produced more than
３０％ slope ( data not shown) . In the simulated rainfall experiments , ３０％ slope produced higher runoff and sediment than １５％slope in Dry Run in ２００６ and only higher sediment in Wet Run in ２００６ and Dry Run in ２００７ ( Table １) . Plot of １２ cm stubbledefoliation produced significantly lower runoff than plot of ６cm stubble defoliation and bareground and least sediment , althoughthe difference was not significant vs . ６cm stubble defoliation plot .
Table 1 E f f ects o f slope and ground cover ty pe on the runo f f and sediment loss in dry run and wet run in 2006 & 2007 .

２００６ 腚２００７ #
Dry run Wet run Dry run Wet run

Runoff Sediment Runoff Sediment Runoff Sediment Runoff Sediment
mm Mg ha‐１ mm Mg ha‐１ mm Mg ha‐１ mm Mg ha‐１

Slope １５％ １ 憫.４４b ０ d.６５b ３ :.６５a １  .６８b ２ U.６３a １ '.１６b ７ �.３６a ３ E.４７a
３０％ ２ 摀.０９a ２ f.０３a ４ :.６３a ３  .６３a ３ U.１６a ２ ).８２a ７ �.５２a ４ E.４９a

Cover Bare １ 摀.８６a ３ f.６７a ５ :.３５a ６  .６９a ３ U.６７a ５ ).０６a ９ �.４５a １０ \.５６a
type ６cm ２ 摀.０８a ０ d.２３b ４ :.６６a ０  .４４b ３ H.０１ab ０ '.５６b ７ �.３６b ０ C.８６b

１２cm １ 憫.３５b ０ d.１２b ２ 8.４２b ０  .２３b ２ S.００b ０ '.３５b ５ �.５１c ０ C.５３b
Note : means with different letters in same column within group of slope or cover type are significantly different at ０ .０５ level .
Conclusions When using desert wheatgrass as vegetative materials for restoration of sloping lands , １２ cm‐stubble defoliationcould be a reliable management practice for its good performance in both soil and water conservation and forage production .
Acknowledgements This study was funded by the New Star Projects of Beijing Municipal Sci . & Tech . Commission .
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Restoring the biodiversity of the Roggeveld‐Renosterveld : evaluation , multiplication and
establishment of indigenous plant species on old agricultural fields
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Introduction The Hantam‐Roggeveld in the Northern Cape Province of South Africa , which stretches over ３００ km２ wasidentified by Succulent Karoo Ecosystem Programme ( SKEP ) as a priority area for conservation . Priorities includemultiplication of seed indigenous to the Roggeveld to improve and restore biodiversity . The botanical biodiversity of the areahas in the past been negatively impacted by crop production resulting in huge areas which now lay fallow and exposed to erosiondue to poor vegetation cover . The objectives of this project are to increase our understanding and knowledge of six key plantspecies found in the Roggeveld and their use in rangeland restoration , as well as to create awareness among the local farmers onthe necessity to actively restore and manage old agricultural fields .Wild rye ( Secale a f ricanum ) is a very palatable forage plantand endemic to the Hantam‐Roggeveld . It has become critically endangered due to poor livestock management practices . It nowoccurs in very small populations on only two farms within the area and is the flagship species for this project .
Materials and methods Farms representing three different areas in the Tanqua‐Roggeveld area where wild rye grass was commonin earlier years , namely the Hantam , Roggeveld and Klein‐Roggeveld , were selected as study sites . Seed of six key species
Secale a f ricanum ( grass ) , Eriocephalus a f ricanus ( dwarf shrub ) , Felicia f ili f olia ( dwarf shrub ) , Ehrharta calycina( grass) ,Chaetobromus dregeanus ( grass) and Polhillia involucratum ( dwarf shrub) underwent germination trials to determineviability and potential for restoration projects . Survival of these species was tested on old agricultural fields with a spilt‐plotdesign with three block replications . The treatments are broadcasting of seeds , planting of seeds and the use of plugs .
Results and discussion Not yet available

Conclusions Preliminary results from the six‐monthly counts on Secale a f ricanum have indicated that seeding on ripped oldfields is the most successful and cost effective way of re‐introducing this species .
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Introduction Exclosure is the most common method for the restoration of degraded grassland , but in China complete exclosureof livestock from grassland is often difficult because of the poor economic status of pastoral areas . One of the measures toresolve conflict is seasonal exclosure ( Katoh , １９９８ ) . In this study , we investigated the influence of years of seasonal exclosureon typical steppe grassland to provide guidance for grassland management .
Materials and methods The study was done in Taipusi banner on typical steppe , Inner Mongolian Plateau ( ４１°３５′ to ４２°１０′ N ,
１１４°５１′ to １１５°４９′ E) , a semi‐arid continent climate , average annual precipitation ４０７ mm , average temperature １ .６ ℃ andchestnut soil . Four previously severely degraded ecological sites , based on historical documents and investigation , were chosen ,where different exclosure periods applied ( ０ , ５ , １４ and ２５ years of summer exclosure for hay cuts ) . A field survey done inAugust ２００７ (１０‐２０ , ０ .５m × ０ .５m , random quadrats per site) recorded all species in each quadrat , measuring total coverageand the height , coverage , density and yield of each species . Richness , evenness and diversity indices were calculated .
Results With increased periods of exclosure , coverage reached a maximum after year １４ , the year that density reached amaximum , though density then declined . Community yield and height continued to increase up to year ２５ ( Figure １ ) . Plantspecies diversity ( Margalef index Ma , Shannon‐Weaver index H) initially increased then remained relatively constant after year
５ . The transformation tendency of evenness ( Pielou index , Epi) showed little change . The community changed from Potentilla
acaulis＋ A rtemisia f rigida ＋ Stip a kry lov ii to Leymus chinensis ＋ Cleistogenes squarrosa ＋ Serratula centauroides .

Figure 1 Community structure and y ield in di f f erent
exclosure period .

　 　 　 　

Figure 2 Diversity index in di f f erent exclosure
period .

Conclusion Summer exclosure for hay production then grazing through the rest of the year did enable the grassland to recover tosome extent . Fourteen years of seasonal exclosure appears a reasonable compromise , though the decline in density between
years １４ and ２５ warrants further study and maybe a change in management .
ReferenceKatoh K . , Takeuchi K . , Jiang D , et al . １９９８ . Vegetation restoration by seasonal exclosure in the Kerqin Sandy Land , InnerMongolia [ J] .Plant Ecology , １３９ : １３３‐１４４ .
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Introduction The most important problem of natural resources of Iran is degradation , in recent decades ( N .Ansari et al .２００７) .The objective of this research was to determine the degradation intensity and socio‐economic factors that lead to this situation .
Material and methods In １１ selected provinces , distributed in ３ main zones of Hanry Pabbot摧s climatic zones of Iran , １３１ sampleareas were chosen . In these sample areas questionaires were completed and analyzed for ４８７village and nomad settlements , １８４７families and ５０４ experts .
Results Degradation intensity showed an increasing trend , from the semi‐desert zone toward semi‐steppe , steppe , dry forestsand high mountains sub zones of Iran‐touranian zone .

Moreover , １９ socio‐economic factors were the most important and effective factors related to natural resources degradation inIran . These factors were divided into three groups including animal and animal husbandry , cutting and harvesting and land usechanges . Stakeholders suggested animal and animal husbandry accounted for ４７ .２％ , cutting and harvesting １６ .９％ and landuse changing ３５ .９％ natural resource degradation . In contrast , experts suggested ４３ .３％ was due to animals and animalhusbandry , ２４ .３％ to cutting and harvesting , and ３２ .４％ to land use changes . Mean of these two sources indicated that themost effective group in natural resources degradation was animal and animal husbandry with ４５ .９％ . Cutting and harvesting
group with ３３ .５％ was second and land use changes was third with ２０ .６％ is .
Conclusion The most important factor in natural resources degradation is the animal and animal husbandry group , whichincludes increases in livestock and herder numbers , premature grazing , over grazing and competition between stakeholders . So ,in the natural resources policy making , animal husbandry must be the basis for decision making by the government .
ReferencesAnsari ,N . ,Sayedakhlagh .S .J . ,Ghasemi .M .H . ,２００７ .Determine of Iran natural resources degradation factors and their share .Tehran , Iran .Technical report８６ /３６５ , Forests&Rangelands Research Institute .
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Restoration of vegetation and soil nutrients on the northern area of Loess Plateau
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Key words :Restoration of Vegetation ,soil nutrient ,Land‐use type ,Loess Plateau
Introduction Severe loss of soil and water quality has occurred on the northern area of the Loess Plateau . Past research showedthat ８０％ of the mud and sand streamed into the Yellow river came from the northern area of the Loess plateau , and most of themud and sand came from sloping fields (Wei , T .X . ２００２ ) . Since the grain‐for‐green policy was implemented , not only has theexpansion of sloping fields been controlled , but also the restoration of vegetation was facilitated . So far , most research hasreported on the effect of returning sloping fields into woodlands and grasslands on water and soil conservation , but littleresearch has been conducted on vegetation restoration and soil nutrients . In this research , Shenmu County in Shanxi province ,located in the north of Loess Plateau , was chosen as the survey area . We analyzed the effect of returning sloping fields intowoodlands and grasslands on restoration of vegetation and soil nutrients . The research results are expected to supply a scientificbasis for ecosystem restoration .
Materials and methods Four land‐use types were chosen in the Liu‐dao‐gou test‐site on shenmu , in the summer of ２００４ and ２００５ . Sixtyquadrats of ２５ m２ were set on grassland , and ２０ quadrats of ２５ m２ were set on three other land‐use types . In the grassland , survey wemeasured species composition , the coverage and plant height . In the woodland , we measured the tree height , the mean annual growthand the tree diameter . The total soil nitrogen and carbon were measured on four land‐use types .

　 　 Figure 1 Change o f soil carbon , soil nitrogen among f our land‐use ty pes(Di f f erent alphabet indicates a signi f icant) .

Results Thirty four species occurred in the grassland area . Among these species , the occurrence frequency of Stipa bungeana ,
Lespedez a davurica , Cleistogenes squarrosa and A rtemisia scoparia were more than ８０％ . The total carbon and nitrogencontents in sloping fields and terraced fields were very low , ０ .３％ and ０ .０３％ , respectively . In grassland , the correspondingcontents were ０ .５％ and ０ .０５％ . Whereas the total carbon and nitrogen contents in woodland were highest , ０ .６％ and ０ .
０６％ , respectively ( Figure １) .
Conclusions This survey area a temperate steppe zone , is characterized by vegetation such as Stip a bungeana and Lespedez a
davurica etc . which is favored by a warm environment . The representative vegetation has been restored gradually over ２０ yearsof returning sloping fields into grassland . However , in some areas vegetation degradation occurred . Returning sloping fieldsinto woodland plays a significant role in restoration of soil nutrients . The content of total carbon and nitrogen in woodlandsincreased two times more than that in a sloping field during ２０ years .
ReferenceWei , T .X .( ２００２ ) Sediment sources and effects of vegetation on erosion control in the gully‐hilly loess area in north China .

Journal o f Bei j ing Forestry University Z１ , ３２‐２７ .
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The preliminary investigation on grassland secondary desertification caused by a dry lake bed —
take a Er‐shute Lake in Dong Wu Danner as an example
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Introduction Rivers and lakes play very important roles in a grassland eco‐system . Many of them are inland rivers and lakes ,and the drying and shrinking of a lake can directly influence the eco‐system . In this paper , we analyzed the ecological impact ofa dry lake to gain insight into the process of grassland secondary desertification
Materials and methods The A Er‐xiaote Lake (３７°３２′N , １０５°０２′E) is located in Men Dou Communalize which belongs to DongWu‐zhumuqing Banner in Xi Lin‐guole Alliance . The lake is an inland lake typical to semi‐arid grasslands . Four areas ( thecentral area of lake ( A ) , lake margin ( B ) , secondary desertification areas ( C ) , the original vegetation area ( D ) ) weremeasured . The adjacent areas were artificially separated into zones along a transect from the center of the lake to thenorthwest . Soil samples were collected at three experimental points in every zone . Each sample was divided into three layers
(０‐１０ cm , １０‐２０ cm , ２０‐３０cm) and brought to the laboratory for analysis .
Results Through analyzing sediment ( soil ) particle size , we found that the content of particle ( particle size ＞ ０ .０５ mm ) ,increased at first and then deceased from the lake center to the outside , which was in contrast to the distribution of the smallerparticles ( particle size ＜ ０ .００１mm) . The analysis showed the horizontal distributions of conductivity , salinity , and pH wassignificantly correlated with conductivity and salinity . The pH declined from the lake center to outside , and it increased withdepth in the secondary desertification areas and the border of lake .Sulfate was the main water‐soluble salts contained insediment . SO４

２‐ , CI‐ , Na ＋ , K ＋ , Mg２ ＋ , Ca２ ＋ concentrations declined from the lake center to the outside , with a low peak inthe secondary desertification areas . The concentrations of other ions were not significantly affected .

Figure 1 horizontal distribution o f mechanical composition .
　

Figure 2 horizontal distribution o f eight ions .

Conclusions ( １ ) An abundance of sand materials on the lake bed could create sandstorms and bury vegetation and increasedesertification on some areas . (２ ) With the action of small winds , alkali dust devils could form . The alkali leached into the soilwith rainwater could be the cause of salinization‐alkalization . ( ３) With the level of wind erosion increasing , the fine sand wasblown off and the coarse sand remained on the lake bed , and this could affect the pattern of desertification and change terrain ,such as lake bed drop and lake shape . Grassland secondary desertification was accelerated .
ReferenceMITSCHW J , GOSSELINK JG . Wetlands[ M ] . NewYork : V anNostrand Reinhold Company Inc . , ２０００ : ８９‐１２５ .
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The effects of range enclosure on vegetation composition and density in upland grasslands of Iran
F . Amiri ,1 H . A rz ani 2 and M . Farahpour 3

1 Faculty Member o f Islamic A z ad University Busheher Branch . I ran . E‐mail : f amiri＠ na .iut .ac .ir , 2 Pro f . , o f Range
Science , Department o f Rangeland Sciences , Tehran University , 3 A ssist . , o f Range Science , Institute o f Range and
Forest , Tehran , I ran .

Introduction Livestock and plants are in a constant interaction at range ecosystems . Overgrazing pressure due to the incrementof human population cause a significant reduction in plant grow th vigor , reproduction ability and poor establishment of valuable
plants which lead to plant composition change and lower density of class I category range plants ( Brand and Goetz , １９８６ , andWarren et al . １９８６) .
Materials and methods The experiment was conduced in Hanna rangeland in Isfahan province , central par of Iran . The non‐grazed range site was closed to grazing for ２５ years . The data collection was carried out for two years (２００４ and ２００５) in theclosed and opened range sites . Plant density , vegetation cover , floristic list of plant composition of class I ( palatable plant) , II
( moderate palatable) and III ( non palatable) plants were colleted in two dominant vegetation types both in grazed and non‐grazed sites by proper number of quadrates (Wayne and Stubbendieck , １９８６) .
Results and discussions There was a significant difference between the class I plant density in grazed and non‐grazed range sites( Table １) . Enclosure of range land enhanced the population and density of class I range plants which was due to providing abetter opportunity for reproduction and establishment of those species in non‐grazed range sites . In grazed areas the class IIrange plant had a better opportunity because of grazing pressure to develop and increase their population . In a similarexperiment by Warren et al ( １９８６ ) in range sites grazed by cattle , １３ important range species decreased in density after fiveyears .
Table1 Vegetation Cover Rate in Non‐grazed and Grazed A reas .
Palatability Class Vegetation Cover in Non‐grazed ( ％ ) Vegetation Cover in Grazed ( ％ ) T‐ value

I ５６ 妹.９ ２１ 2.２倡倡 ２５  .２１
II １２ 耨１０ +.８NS ５ �.７６
III ３ �.４ ２０ 2.６倡倡 ４２ ,.１

倡倡 Significant difference ( p ＜ ０ .０１) 　 　
NS

＝ no significant difference ( p ＜ ０ .０１)
The result in Table ２ showed that the enclosure was significant enhanced the total biomass cover . The percent of vegetationcover of class I in grazed treatment compared to class III was significantly reduced which could be explained by heavy grazing ,soil humus destruction due to water erosion , livestock trampling and lock of seed resources for natural re‐vegetation . Passeraand Boresta ( １９９６ ) in their experiment conducted in Argentina concluded that the reproduction of palatable perennial grassplants in plots closed to grazing was much faster them these grazed .
Table 2 A nalysis o f v ariance f or Vegetation Cover Rate in on‐grazed and G razed A reas .
Palatability Class df SS MS F
Vegetation Cover １ ]６９０３ 妹.１ ６９０３  .１ ７８ �.１８倡倡

Error between samples ７０ t６１８０ 妹.８ ８８ 邋.３ ‐

Sum ７１ t１３０８３ 谮.９ ‐ ‐
倡倡 Significant difference ( p ＜ ０ .０１)
The results of the present experiment support the positive effect of range site exclusion on vegetation development in semi‐aridrangelands of Iran .
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Wheat production management in Uzbekistan : current status and perspectives
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Introduction Sustainable crop production is the basic approach for agriculture in the ２１

st century . After independence bigchanges occurred in the cropping systems of Uzbekistan . They are associated with both development of food security policy ofthe independent state and transition to market economy . With the grow th rates of population in Uzbekistan ( ２ .４ percent peryear) by ２０１０ it w ill reach around ３５ million ( presently ２３‐２４ million) . This will sharply raise the demand in foodstuffs thatrequires significantly increasing the production of agricultural crops and livestock . In this regard , increasing wheat productionis the most important objective of the agricultural research in this area . Because it is not only used as grain it is also used foranimal feeding . Most of the arable area of the country suffers from elevated salinity to a various degree .
Crop production One of the most essential factors of developing the grain industry is to put into production highly productive
grain varieties , resistant to diseases , unfavourable climatic conditions , and soil salinity as well as moisture deficit . The activedevelopment of plant biotechnology in the Republic of Uzbekistan allowed us for the first time to begin biotechnological researchon wheat . Taking into account that the same varieties and crops in various soil‐reclamation conditions display themselvesdifferently , improvement of salt‐resistance could be achieved through : creating salt‐resistant wheat varieties , for of strong‐saline regions of Uzbekistan ; selecting grain and leguminous crops in saline soils considering their biological adaptation throughdifferent regions of the republic ; creating and rapidly putting in operation advanced , pollution‐f ree , and highly efficientindustrial technology for cultivation of agricultural crops for various salinization degrees of soils . .
Laws and current conditions The Republic of Uzbekistan摧s Act of Achievements of breeding ( August ３０ , １９９６) was approvedfor the purposes of regulating relations in the field of legal protection and usage of achievements of selection . Development ofscientific research within priority state programs ( basic , applied scientific and technical grants and grants for innovations) is inthe course of The Center of Science and Technology of Uzbekistan . The high‐yielding , disease‐ , drought‐ , and salt‐tolerantvarieties have been introduced and the principles of seed farming and agro‐techniques have been developed .
Perspective and conclusion Implementing the conservation agriculture practices , scientifically proved crop rotation , would allowtwo yields of cereals and leguminous cultivars per year . Other need include the following :
‐Complex study of the international nurseries and defining the initial materials for breeding of wheat production .
‐Extending the scientific work in creation of new early maturing and ultra early maturing varieties
‐developing the structure of seed production for cereal crops , providing the farms with elite and super elite seeds .
‐Implementing the most rational crop rotations and their placement on the best preceding crops taking into account soilcharacteristics .
‐Using the integrated management of protecting the plants from diseases , pests and weeds .
‐Further development and widely introduction of biotechnology , agro‐eco technology , and informational technology in the fieldof grain and farm production development .
‐Organic inclusion of agrarian science into the training process of agricultural staff , integration of higher education , agrarianscience and production .
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Amelioration of natural grasslands in the high ranges of Kerala , India
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Key words : renovated — TDM ( tons dry matter) — defoliation — plant introduction — grow th rhythm
Introduction Improper natural grassland management in Kerala , India adversely affected its productivity . Problem orientated
trials were taken to enhance productivity .
Materials and methods Grassland vegetation was botanically analysed in ５m２ plots (４ sub samples) .
Nitrogen effect on grassland was studied using a random block design with ４ replications . Nitrogen was applied at ０ , ４０ , ８０ or
１２０ kg / ha as Urea and in two split doses . Gross plot size was ２５m２ , net ５m２ . Fodder samples were chemically analysed .
Grow th rhythm studies were conducted for one year in ５２ plots (１m２ each) through weekly harvests . １ .５ TDM / ha was fixed as
the utilizable defoliation stage . Grasslands renovated through plant introduction with improved species like Setaria anceps ,
Chloris gayana , Brachiara ruziziensis , Macrotyloma axillare , and Desmodium uncinatum and D . intortum . Weeding was
accomplished by cutting and light burning . Seed mixture was broadcast . Two methods of covering seed were teste , stirred the
soil surface by hand rakeing or trampling by light weight cattle . First light grazing occurred ７０‐９０ days af ter seeding followed
by a weed cut . Plots were top dressed nitrogen at ４０kg / ha . No statistically laid out trials , only observational studies .
Results The results identified palatable species of ８ grasses and １ dicot . Economic optimum drymatter production was ３５ .７５
TDM /ha with ４０kg nitrogen/ ha .
Grow th rhythm revealed possibility of ５ grazing defoliations with average production ２２ .９ kg DM /day in ３６５ days and ３５ .１kilo
dm /day in a growing period of ２３８ days .
Renovated pasture yielded ７ .５ TDM / ha .(３０％ legumes on dry weight basis) .

Table 1 Fodder y ield in TDM /ha at di f f erent
levels o f nitrogen .

Years Nitrogen ( Kg / ha)
０  ４０ �８０  １２０ 槝１６０ 鲻

１９６７ L３  .５８ ４ �.５６ ５ 葺.７０ ６ <.３８ ８ 殮.４８
１９６８ L３  .１６ ５ �.１０ ７ 葺.０８ ８ <.３０ ８ 殮.６６
１９６９ L３  .２０ ５ �.３４ ７ 葺.５４ ７ <.８２ ９ 殮.５６
１９７０ L５  .３６ ６ �.０２ ７ 葺.２６ ７ <.４４ ７ 殮.７０
mean ３  .８２ ５ �.２５ ６ 葺.８９ ７ <.４８ ８ 殮.６０
Mean increase in
DM Per Kg of N
applied ( in Kg
of DM ) .

３５ �.７５ ３８  .３７ ３０ j.５０ ２９ 热.８７

Table2 Grow th analysis o f natural grassland at Mattup atti .

No .of
cuts

Date of
harvest

No . of
grow th
days

Yield of
DM ( T / Ha)

Average
Production of
DM ( Kg / day)

１ x１３‐０６‐６９ 寣４９ 揶１ g.９２ ３９ 葺.２
２ x０８‐０８‐６９ 寣５６ 揶１ g.８２ ３２ 葺.５
３ x２６‐０９‐６９ 寣４９ 揶１ g.５８ ３２ 葺.２
４ x３１‐１０‐６９ 寣３５ 揶１ g.４８ ４２ 葺.３
５ x１９‐１２‐６９ 寣４９ 揶１ g.５６ ３１ 葺.８
Average for the
production period
in the year

２３８  ８ g.３６ ３５ 葺.１

Average for the year
(３６５ days) ３６５  ８ g.３６ ２２ 葺.９
N :P :K applied : ２００ :１００ :
２００ Kg .ha .

Conclusion By scientific management , drymatter production and quality was enhanced . ( production ３TDM / ha to ９畅５６ TDM /
ha) plant introduction resulted ７ .５ TDM / ha per year of production .
References
Dabadghao , P . M . , １９６０ , Types of Grass Covers in India and their Management .VIIIth IGC .
Felix Von Sury , １９８７ , Fodder Development in Kerala . Scope and Limitations １０‐１１ . A Report .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]779　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Reclamation of Grasslands/Rangelands

The characteristic of Mg Alkali soil developed in Tu Mo Chuan Plain
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Introduction Tu Mo Chuan Plain is one of the saline soil areas in Inner Mongolia . With the area enlarged continuously byunreasonable irrigation saline soil ,the sodic solonetz摧s formation , occurrence and distribution has been systematicly researchedby the predecessors ( Yu Renpei ,１９６４ ;Hao Zhenxiang ,１９９３) ,but the issues of magnesium soil have not been published .
Materials and methods Three profile are selected . Profile １ is located in DaHeiHe cattle farm . The parent material is alluvialdeposit . It belongs to the type of salic profile . The plant cover is of the type of halophytic meadow .Profile ２ is located ５００msouth of San Qingying village in Tuo Ke Tuo . Profile ３ is located in the southeast of Genbao Village of Ba Bai Xiang about
５００m .It belongs to the type of desalting prohile . The plant cover is the type of steppe . Research methods :(１) determination ofExchangeable base Salt‐leaching : First , Salt‐leaching : weigh the particle of desiccated soil ５ .００００g ( ＜ ０ .２５mm) ,then use ８５％ethanol for centrifugation washing once , and then use ９５％ ethanol to wash by several times until there is no Cl‐ . Second ,extract : wash water‐soluble salt , then use １N NH４ OAc of pH９ .３ . Extract Ca and Mg with EDTA complexing titrimetricmethod ;Measure K and Na with flamc photometry .( ６４００A ) ( ２ ) The measure of soluble salt :make the soil : water of １ :１ .Titrate CO３

２‐
、HCO３

－ with double indicator ;Titrate Cl‐ with AgNO３ ;Titrate SO４
２‐ with EDTA complexing titrimetric ;TitrateK ＋

、Na ＋ with flamc photometry ;Titrate Ca２ ＋ 、Mg２ ＋ with EDTA complexing titrimetric .( ３ ) Determination of the pH with theacidimeter .( PHS‐３D) .
Results From the Profile１ ,it shows that the soluble salt aggregates in the epipedon and the subsurface horizon .In the epipedon ,Na＋ takes more than ９５％ of the whole soluble salt . The content of Mg is the highest in the subsoil and the content of Ca is thehighest in the substratum . pH is very high in the epipedon . In the epipedon and subsurface horizon ,the degree of alkalization isvery high . With the depth increasing , exchangeable magnesium aggregates obviously . From the Profile２ ,it shows that thecontent of water‐soluble salt is a little in the surface ,but it increases in the subsoil and substratum .In the subsurface horizon ,sodium salt takes absolute advantage in the whole profile . The contents of exchangeable calcium and magnesium are high in theepipedon . With the depth increasing ,Na increases .From the Profile３ ,it shows that in the epipedon of the profile , the content ofMg is high . In the subsoil , Na is very much . The content of exchangeable magnesium is also very much in this profile .Thehorizon of high Na percent saturation appearce under the Mg accumulation horizon .
Conclusions Magnesium alkali‐affected soil appears both in the process of salification and desalting , In the process ofsalification , sodic soloneization accompnished with magnesium soloneization . In the surface of the profile the content of Na ishigh .Mg take the advantage under the horizon of Na . In the process of desalting , The horizon of Mg aggregates upon thehorizon of Na . With gradually desalting ,Mg is instead by Ca ,then form the normal soil .
ReferencesYu Renpei .Characteristic of soda‐salinized soil in Big‐Hihe and Small‐hihe [ J .] Soil Newspaper , １９６４ ,１２(２３) :１７２‐１８１ .Hao Zhenxiang . The research of suda‐saline‐sodic .[ J] . Journal o f A rid L and Resources an Env ironment , １９９３ , ７ (３‐４) :２４８‐

２４９ .
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Forming mechanism and classification standard of �Black‐Soil‐Type" degraded grassland in
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Introduction Alpine meadow comprises a principal part of natural ecosystems , accounting for ９０％ of the grassland area inYangtze and Yellow River ( YYR) . However , an unreasonable stocking rate and grazing system , and the effect of increasing
population , global climate change and natural disaster on alpine meadow ecosystems , grassland has resulted in over half beingdegraded to different degrees . This has seriously threatened the existence of herds and hindered sustainable development ofanimal husbandry . This report explores the effects of rodents , overgrazing , and climate change on degraded grassland .
Materials and methods There are １６ counties and １ township in the YYR source region ( ３１°３２′ ～ ３６°１６′N ,８９°２４′ ～ １０２°１５′E ,
３５００m ～ ４５００m) .The climate is dominated by Southeast monsoon and high pressure of Siberia . The average air temperature is‐
５ .４ ℃ ～ ４ .１ ℃ . Average annual precipitation is ２７４ .６mm ～ ７４６ .９ mm , above ５０％ of which falls in the short summer growingseason from June to August . According to grassland type and approximate distributing area of �black‐soil beach" degradedgrassland , １２０ sample areas of field investigation and ９２ training sample areas of remote sensing were surveyed and inspected in
１６ counties and one township . Evaluation indices and classification of degraded grassland follows ( Table １ ) .
Table 1 Evaluation indices and classi f ication o f degraded grassland .

Degraded ranks Originalvegetationcoverage
Ration of
palatableforage ( ％ )

Degradedindicationplants( ％ )
０ ～ １０cmContent oforganicmatter( ％ )

０ ～ １０cmRatio ofgrass vs soil
Ⅰ Original vegetation( OV) ＞ ９０  ＞ ７５ �＜ １０ 照＞ １５ �＜ ２０ 墘
Ⅱ Light degradation( LD) ７５ ～ ９０ |５５ ～ ７５ V１０ ～ ３０ 1１５ ～ １０  ２０ ～ ３５ 邋
Ⅲ Moderate degradation( MD) ５５ ～ ７５ |３５ ～ ５５ V３０ ～ ５０ 1１０ ～ ７ 葺３５ ～ ５０ 邋
Ⅳ Heavy degradation( HD) ４５ ～ ５５ |２０ ～ ３５ V５０ ～ ７５ 1７ ～ ５ 挝５０ ～ ７５ 邋
Ⅴ Extremely heavy degradation( black soil beach) ( ED) ＜ ４５  ＜ ２０ �＞ ７５ 照＜ ５ 亖＞ ７５ 墘

Results With the aggravation of degradation , the community quantitative values show a declining trend . No . of species ,diversity index and evenness index reached the maximum in MD grassland , the minimum in ED grassland , and the percentage ofaboveground biomass for high quality forage reduced abruptly . The similarity index was maximum between OV ,LD and MD
grassland , and then between LD and MD ; Overstocking has reached to １０

７ sheep units ; Ochotona curzoniae pest is not aprimary reason of grassland degradation . Grassland degradation can lead to changes of physics characteristics and nutritionfactors of soil . With the increase of stocking rates , the average content of organic matter , organic carbon , total N , total Ptrend decreases , and contents of available N appear changing trend of �S" curve . The increase of average annual air temperatureover fif ty years was ０ .１６ ℃ /１０a in YYR source region , which is much larger than ０ .０４ ℃ /１０a in other region of China .
Conclusions The formation of the �Black‐Soil‐Type"degraded grassland ecosystem is a result of a range of factors includinghuman activity . According to the different degraded ranks , relevant measures of rehabilitation should be adopted , and thelighter the degraded degree , the earlier and quicker rehabilitation occurrs . Restoration of degraded grassland ecosystems hascommonly two paths : one is natural restoration and the other is rehabilitation or reclamation by human factors . The lightly andmoderately degraded grassland ecosystem can bereversed . Therefore , by fencing closure , weeding , fertilizing , usingrodenticide , decreasing stocking rate , optimizing population structure by stocked and slaughter ages , they can be rehabilitated .As for extremely degraded grassland , they no longer can be utilized and the condition cannot be reversed . Therefore ,onlybuilding artificial and semi‐artificial grassland through furrow , scarification and replanting can we restore these heavilydegraded systems .
ReferenceMa ,Y .S . ,Lang ,B .N .&Wang ,Q .J ( １９９９ ) .Review and prospect of the study on �Black Soil" deterioration grassland .

Prataculture Science ,１６ ,５‐８ .
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Seed protein variability and abiotic stress in naturalised Italian ryegrass ( Lolium multi f lorum
Lam .)
Sacido Mónica B . 1 ,Ezequiel M . L atorre1 , ex aequo and W . John Rogers 1 ,2

1 Facultad de A gronomí a , Universidad Nacional del Centro de la Prov incia de Buenos A ires , C .C . 47 , ( B7300 ) A z ul ,
República A rgentina , 23 Researcher o f the Conse jo Nacional de Investigaciones Cientí f icas y Técnicas ( CON ICET ) ,
República A rgentina . E‐mail :msacido＠ f aa .unicen .edu .ar

Abstract : Electrophoretic ( SDS‐PAGE ) analysis of seed proteins was employed to reveal genetic variability in naturalized
populations of Lolium multiflorum from unmanaged land in a region of the Province of Buenos Aires located in the FloodingPampas of Argentina . The populations came from the following four site types , defined according to the species composition ofthe plant communities found at each : ( i) a community designated�loam摧 that was the least edaphologically and topographicallylimiting ; ( ii ) �half‐loam摧 that presented intermediate limitations of drainage and alkalinity ; ( iii ) �alkaline low land摧 thatpresented the most severe limits of alkalinity ; and ( iv) �humid low land�that only presented hydro‐morphological limits . SDS‐PAGE applied to samples obtained from each population revealed multiple banding patterns that could be divided into sixelectrophoretic zones , A to F . Individual bands were further sub‐classified as follows : A１ , A２ , A３ , B１ , B２ , B３ , B４ , B５ , C１ ,C２ , C３ , C４ , C５ , D１ , E１ , E２ y F１ . The banding patterns of each population sample were compared , once the minimum samplesize required to represent the variability of the each population was derived by the Method of Pielou . In some comparisons ,discrimination between populations could be made by observing only one band ; for example , band C１ discriminated �alkalinelow land摧 f rom �humid low land摧 and band C４ �half‐loam摧 from �alkaline low land摧 . In other comparisons , it was necessary toobserve several bands simultaneously . By this means , all the six pair‐wise comparisons between the four populations providedsufficient information for discrimination to be made . If the divergence between populations is related to the conditions found ateach topographical site , these populations may comprise a useful source of genetic variability for stress tolerance and might offerthe potential for the development of new cultivars adapted to local conditions . We believe this to be the first report of the use ofthis methodology to characterise and distinguish natural populations of L . multiflorum found in different topographical positionsin the grasslands of the region under study .
Key words : electrophoresis ; method of Pielou ; alkaline low land ; humid low land ; topographical position ; grassland

Figure 1 Examp le gel o f observed p rotein p ro f iles .
L anes 1‐3 : standard cultiv ar Nui ; L ane 4 : hal f‐loam ;
L anes 5‐6 : loam ; L anes 7‐8 : alkaline low land ; L anes 9 :
humid low land . A rrows indicate the re f erence bands o f
cultiv ar Nui , originally designated in cultiv ar Dalita
( ISTA , 1992 ) , while the lines on the right hand side
rep resent the range o f bands covered by each
denominated zone A to F ( modi f ied classi f ication o f
Galussi et al . , 1997 ) . Included is a p lot p roduced by
the p rogramme Scion Image , where each trace
corresponds to a gel lane and shows the peak area and
relative position o f each band .

Figure 2 Frequency p ro f ile f or the bands
signi f icant in di f f erentiating populations f rom
distinct topographical positions ( t ＜ 0 .5％ ) .
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The improvement of degraded permanent grasslands by grazing in the NE Romania
Samuil C . , V intu V . , Iacob T . and Popov ici I .C .
University o f A gricultural Sciences and Veterinary Medicine f rom Iasi , 3 M ihail Sadoveanu A venue , 700490 , Romania . E‐
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Key words : grasslands , fertilization , degraded , production , Festuca
Introduction The permanent grasslands from northeastern Romania , situated on soils with low natural fertility , are weaklyproductive and have an improper flower composition . The resulted fodder is of low quality . The main means for improvingthese grasslands consist in adjusting soil fertility , changing the dominance in the vegetal canopy and their good management .The paper presents the influence of organic and mineral fertilization on degraded permanent grasslands of Festuca v alesiaca L .from the Moldavian forest steppe , during ２００６‐２００７ .
Materials and methods In this paper , we present the results obtained in the trial set up at Ezareni , at the height of １０７ m , on
１８‐２０％ slope . The year ２００７ was very dry at Ezareni – Iasi , and the climatic conditions were unfavourable to the gooddevelopment of vegetation on grasslands . The experimental factors were : V１‐Unfertilized control ; V２‐１０ t ha‐１ cattle manureapplied every year ＋ N５０ P３６ ; V３‐１０ t ha‐１ manure applied every year ＋ N５０ ＋ ５０ P７２ ; V４‐２０ t ha‐１ cattle manure applied every ２years ＋ N５０ P３６ ; V５‐２０ t ha‐１ cattle manure applied every ３ years ＋ N５０ ＋ ５０ P７２ ; V６‐３０ t ha‐１ cattle manure applied every ３ years
＋ N５０ P３６ ; V７‐３０ t ha‐１ cattle manure applied every ３ years ＋ N５０ ＋ ５０ P７２ ; V８‐４０ t ha‐１ cattle manure applied every ３ years ＋N５０ P３６ ; V９‐４０ t ha‐１ cattle manure applied every ３ years ＋ N５０ ＋ ５０ P７２ . The harvesting was done at the period of ear formationin dominant grasses , and yields were expressed in dry matter ( DM ) . The changes found in the structure of canopy weredetermined through the gravimetrical and planimetrical methods .
Results Data presented in Table １ showed that fertilization had a positive influence on yield , according to applied rates andcombinations . The mean yields were between ２ .１６ and ２ .３４ t / ha DM , in variants fertilized with １０ t ha‐１ cattle manure ,applied every year on the background of N５０ P３６ or N５０ ＋ ５０ P７２ , between ２ .２４ and ２ .４８ t / ha DM in variants fertilized with ２０ tha‐１ cattle manure , applied every year on the background of N５０ P３６ or N５０ ＋ ５０ P７２ , ２ .５２‐２ .６８ t / ha DM in variants fertilizedwith ３０ t ha‐１ cattle manure , applied every year on the background of N５０ P３６ or N５０ ＋ ５０ P７２ , and between ２ .７８ and ３ .４２ t / haDM in variants fertilized with ４０ t ha‐１ cattle manure , applied every year on the background of N５０ P３６ or N５０ ＋ ５０ P７２ . Thehighest yields were obtained in the variants at which １０ , ２０ , ３０ , ４０ t / ha of manure were applied every year , every ２ or ３years , together with N５０ ＋ ５０ P７２ . The fertilization has led to the improvement of the botanical structure , by increasing theparticipation percentage of legumes , at the same variants of fertilization , and slightly diminishing the percentage of other plants( Figure １) .

　 　 Figure 1 Inf luence o f f ertiliz ation on canopy structure (％ ) .

Table 1 In f luence o f f ertiliz ation on DM yield ( t ha‐１ )
Fertilizationvariant Production of DM yield ( t ha‐１ )

２００６‐２００７ 趑
V１ 栽１ �.４５
V２ 栽２ 腚.１６倡

V３ 栽２ 揶.３４倡倡

V４ 栽２ 揶.２４倡倡

V５ 栽２ 行.４８倡倡倡

V６ 栽２ 行.５２倡倡倡

V７ 栽２ 行.６８倡倡倡

V８ 栽２ 行.７８倡倡倡

V９ 栽３ 行.４２倡倡倡

倡
＝ P≤ 0 .05 ;倡倡 ＝ P≤ 0 .01 ;倡倡倡 ＝ P≤ 0 .001 ;

Conclusions The permanent grasslands of Festuca v alesiaca L . from Romania react very well to the fertilization , which may bean important measure of recovering permanent grasslands , and promoting , at the same time , the concept of organic agriculture .The best results of production , but also of improving the flower structure were obtained in variants where different rates ofmanure were applied every year , every ２ or ３ years , together with maximum nitrogen rates .
ReferencesCarda爧ol V . (１９９４)‐Fertilisation organique des prairies permanentes roumaines ;synth . des résultats d摧essais multilocaux et delongue durée . Revue Fourrages , 139 , Versailles , France .Samuil C . , Vintu V . , Iacob T . , ( ２００７ )‐Influence of mineral and organic fertilization on improving the productivity ofpermanent grasslands from forest steppe in the northeastern part of Romania . 14st Symposium o f the European G rassland

Federation , Gent , Belgium .
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Restoring rain use efficiency to an incised upland valley system in Namibia using filters and
Ecosystem Management Understanding (EMU) principles
K . Shamathe1 , H . J . R . Pringle 2 and I . Zimmermann1

1 Poly technic o f Namibia , P/Bag 13388 , W indhoek , Namibia , E‐mail : iz immermann＠ poly technic .edu .na
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Key words :Base levels , BIOTA , EMU , gully erosion , restoration
Introduction Proactive management to avoid degradation is a worthy ideal for rangelands . However , managing the legacy ofhistoric degradation is equally important and therefore requires an assessment of resource allocation between avoiding newdegradation and repairing problems from the past . Quite clearly , avoiding future degradation should be a priority , but thebenefits of repairing key productive landscapes should not be overlooked . Using principles within the Ecosystem ManagementUnderstanding ( EMU ) Process , and with the local farmers�encouragement , we developed a trial restoration project of anupland fertile valley system in the Auas‐Oanob Conservancy . The EMU approach emphasises catchment ecology and theidentification of geomorphic base levels that determine patterns of soil moisture balance ( Tinley １９８２) and hence productivity ,diversity and general ecological health . This approach is in stark contrast to the�symptoms‐band‐aid" approach that appears topredominate . Our approach veiws rangelands as ecosystems controlled principally by base levels , which when incised , initiatecascading headward gully erosion and landscape leaking ( Pringle et al .２００６ ) . This project falls under the Biodiversity T ransectAnalysis in Africa (BIOTA) program .
Materials and methods The site is on Farm Lichtenstein‐sud ( ２１ .０１°S , １７ .８９°E) on sandy loam in the Highland Savanna ofNamibia , with a mean annual rainfall of roughly ３００mm . A gully system , with a slope of about １ :７０ , was treated with filtersmade of branches cut selectively from A cacia melli f era that was growing in dense stands nearby . The branches were packed atstrategic locations to slow down flowing water and trap some sediment , while allowing excess water to pass through . At somelocations the branches were woven with wire and tied to nearby trees . If there was no appropriate tree nearby , a steel post washammered in to tie the wire to . Ten of the treated features are compared with ten similar features in other unfiltered gullysystems . The sampled features were measured , by landscape function analysis ( LFA ) , with transects running across rills orgullies . The measured features consist of four gully confluences and six rills per gully system . Half of the measured featureswere fenced to exclude cattle , both at the treated gully system and the unfiltered systems . The restoration work along roughly
２km of rills and gullies took about １００ person days to complete and used up ３０ steel posts of ０ .９m length and about ９００m offencing wire .
Results The filters are waiting for rain , therefore no follow‐up results are available yet to compare with the baseline .

Figure 1 Branches o f A . mellifera
packed in a gully head to form a
f ilter .

　

Figure 2 e .g . o f cross section base‐line
above conf luence o f two gullies .

　

Figure 3 Water becomes violent at a
conf luence , needing strong f ilters .

Conclusions It is too early to determine effectiveness of the filters . If the current rainy season is poor , then the filters may rotbefore they function in a subsequent rainy season . Such restoration work is not only risky , but costly . It must form part of abroader strategy , coordinated with neighbouring farmers , aimed at catchment level management to restore hydrologicalfunctioning that can then allow improved grazing management to become effective . While the location and management ofinfrastructure , and ecologically‐based grazing management are also critical in maintaining remaining ecological and resourceintegrity , to accept historic degradation as an intractable reality is demoralising . We ( and farmers) also recognise values otherthan gross margins in allocating resources and assessing performance .
ReferencesPringle , H . J . R . , Watson , I . W . , & Tinley , K . L . ２００６ . Landscape improvement , or ongoing degradation : Reconcilingapparent contradictions from the arid rangelands of Western Australia . Landscape Ecology , ２１ : １２６７‐１２７９ .Tinley , K . L . １９８２ . The influence of soil moisture balance on ecosystem patterns in southern Africa . In Huntley B . J . &Walker B . H . Eds . Ecological Studies Vol .４２ : Ecology of T ropical Savannas . pp . １７５‐１９２ . Springer‐Verlag : New York .
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Biogeocenotechnology of restoration and increase of efficiency for degraded pasture ecosystems in
Arid regions of central Asia and Russia
Zebri Shamsutdinov 1 , Nariman Shamsutdinov 2
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Introduction The vegetation of natural pastures in Central Asia and Russia has a very important specific feature – ability toannually cycle and self‐reproduce phytomass . Being an essential component of the biosphere it determines not only foragecapacity of pastures , but also quality of the man摧s natural environment in arid territories and genetic diversity of flora andfauna . Here a great amount of carbon dioxide is fixed for long periods in the subsurface sphere of arid ecosystems ( roots ,organic matter of soil ) . However , lack of necessary agricultural and ecological knowledge , poor management , destructiveutilization of pastures , destruction of shrubs and semishrubs– all these negative factors are the causes of reduced biodiversity ,decreased productivity , and degradation of pastures . For restoration of biodiversity and productivity of degraded pastures andsaline lands , the best candidates appeared to be halophytes .
Materials and methods In the period from １９７５ to ２０００ mobilization and collection of genetic resources were conducted within awide zone in arid regions of Turkmenistan , Uzbekistan , Kyrgyzia Republics of and also in southern regions of Russia ( theAstrakhan , Volgograd , Saratov , Samara , Rostov Provinces , the Stavropol Territory , the Republic of Daghestan , and theRepublic of Kalmykia) . In development of a technology of phytoreclamation of degraded pastures and saline soils the followingspecies and varieties of halophytes selected in the course of introduction‐selection efforts were used : Haloxy lon aphy llum ,
Salsola paletz kiana , S . richteri , A ellenia subaphy lla , Eurotia ceratoides , Calligonum spp . , Ephedra strobilacea , Kochia
p rostrata , Salsola orientalis , Camphorosma lessingii , A rtemisia turanica , A rtemisia halophila , Poa bulbosa , Gamantus
gamocarpus ( , Climacop tera lanata , Halimocnemis v illosa and other pasture plants . Tests of the mentioned species wereconducted in the Republic of Uzbekistan in piedmont semidesert ( Nashanksy station ) , in the sagebrush‐ephemeral desert( Karnabsky station) and in the Southwestern Kyzylkums ( Ayakagitinsky station) and in Russia ( Solezaimischensky station) .
Results and discussions For selection of the most environmentally stable , highly productive species of forage halophytes ３００species of plants from the flora were tested . Integrated investigations conducted in the last ２５ years made it possible to utilizeresources‐ and energy‐saving technologies for ecological restoration of biodiversity and productivity of degraded pastureecosystems and secondary saline soils . The proposed technology of phytoreclamation of degraded lands is based on the followingfundamental biogeocenotic principles ( Shamsutdinov , １９９６ ; Shamsutdinov & Ibragimov , １９８３ ; Shamsutdinov &Shamsutdinov , ２００２ ) : １ ) compliance of an ecological‐cenotic structure of created pasture ecosystems with the zonal type ofnatural biogeocenotic structures ; ２ ) utilization in design of adaptive ecosystems of various types of zonally typical dominanthalophyte species belonging to the violent and patient types of a strategy ; ３) differentiation of ecological niches on the basis ofseasonal , strata , succession , fluctuation and functional mutual supplementation of zonally typical dominant species in the courseof formal of nodal communities . What ???These biogeocenotic principles make a theoretical basis for phytoreclamation ofdegraded lands . In the course of phytoreclamation it is possible to design various types of pastures with optimal productivity ,structural and functional organization , and stability . Designs of such pasture ecosystems contain polydominant communitiesconsisting of halophyte shrubs , semishrubs , xerohalophylic perennial and annual grasses ( on the basis of a seed bank) .
Conclusions Germ populations of halophytes collected during expeditions provided a basis for the Central Asian genofundnumbering ７０ species and ５０００ samples and the Caspian genofund in Russia including ５０ species and １２００ samples .Environmentally oriented biogeotechnology of reclamation is realized by creation of spring‐summer and autumn‐winter perennialself‐restoration pasture ecosystems in place of degraded lands .
Acknowledgement This paper is prepared with the support of the Federal Agency for Science & Innovations ( ０２ .５１２ .１１ .２１７８)& Russian Foundation for Basic Research ( ＃ ０７‐０５‐１３５９６) .
ReferencesShamsutdinov , Z .Sh . (１９９６) Biological reclamation of degraded agricultural lands . Moscow . Korkis , １７２ .Shamsutdinov , Z .Sh . , Ibragimov , I .O . (１９８３) Perennial pasture agrophytocenoses in the arid zone of Uzbekistan . Tashkent .�FA N" Publishers , １７５ .Shamsutdinov , Z . Sh . , Shamsutdinov , N . Z . ( ２００２ ) Biogeocenotic principles and methods of degraded pasturesphytomelioration in Central Asia and Russia . Prospects f or Saline A griculture . Kluwer Academic Publishers . Netherlands ,

２９‐３５ .
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Desertification reasons , endangering and tendency in China摧s land
Shi Yong‐j ie , T ian Fu‐p ing , Lu Yuan , Song Qing
L anz hou Institute o f A nimal and Veterinary Pharmaceutics Science , CA A S , L anz hou 730050 ,shiy j55＠ sina .com

Desertification in China has spread about ２６ ２２０ ０００ km２ ,most of them in western of China . The type , size and endanger leverof the desertification in arid , semi‐arid areas of western of China are the most concentrated and serious .
Key words :Desertification , Reasons , Endangering , Tendency , China
Reasons of desertification formation The rapid grow th of population and the laggard management is the internal driving force ofexpanding desertification : The requirement of food , fuel and other fundamental sub摧sistence increase with the population
grow th , which give land raised pressure . The population exceeded the capacity of the ecological environment and excessiveexploit the resources lead to environmental degradation . It is the rapid population grow th and laggard production management ,causing the unreasonable development and utilization of resources , deteriorate the ecological environment , accelerating andexpanding the desertification .
Humanity unreasonable use of resources speed up desertification Overcharging cultivating : Lack of protect cultivation afterreclaim , the soil erosion by wind or buried by sand , the yield sharp declined , the people had to give up farming , on the onehand the land abandoned became sandy , on the other hand there are new grassland or fixed land reclaimed , fall into a viciouscirculation .Overcharging grazing : Use meadows without maintain , the productivity of natural grassland is low , with the increase of
population and interests of market‐driven , the people increasing livestock blindly , leading to the serious overloading of pasture ,the herdsman even contest , fight each other for pasture .Overcharging Woodcutter : Because of fuel shortage , peasants and herdsmen use natural plants and animals manure as fuel .Overcharging pluck : The peasants and herdsmen in order to increase their incomes , unplanned , uncontrolled plucking medicalweed and so on . In doing this , they shovel out lawns and excavators hole , severely damaging the grasslands , and greatlyaccelerated the erosion desertification process .Abuse of water resources : In desert areas ,the performance of abuse of water resources is the lack of surface water planning andarrangements in the upper , middle and lower stage , exploitation of underground water excessively , the irrigation use too muchwater .Indiscriminate mining : Because of people pay little attention to ecological and environmental protection when peopledevelopment and mining roads , towns and other fundamental construction , often lead to the occurrence of desertification .
Desertification endangering Farmland , grassland degradation , the reducing of utilizable land areas , the agricultural and domestic
productivity decline .Dynamic Community recession , a reduction in biodiversity .Silting the channel and river bed , buried , pressed and blocking roads , damaged traffic , water conservancy facilities .Sandstorms frequent occurrence , deterioration of the ecological environment , ecological disaster increase .
Tendency of desertification After half a century , the Work to Combat Desertification in China achieved great achievements , butthe situation is still very serious by the status and development trend . Despite the parts had improved , but the integration isstill expanding , the speed desertification expanding is acceleration , in １９５０s the speed is annual １５６０ km２ ,in １９７０摧s it is ２１００km２ , the current speed is ２４６０ km２ . The desert oasis edge , grassland farming‐pastoral areas and agricultural development zoneis most serious , some potential desertification of land is gradually evolving to real desertification land .



瞯 ]786　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Reclamation of Grasslands/Rangelands

Eco‐politics of rangeland management in the Hindu Kush‐Himalayan Region : articulating
ecology into food sovereignty , environmental security , development and peace for a sustainable
world
V ir Singh
Pro f essor , Env ironmental Science , College o f Basic Sciences & Humanities , GB Pant University o f A griculture and
Technology , Pantnagar 263145 , Uttarakhand , India . E‐mail : drv irsingh＠ redi f f mail .com

Introduction Rangelands are the uncultivated areas or abandoned cultivated areas and occasionally fallow lands that harbournatural or seeded/ planted vegetation of herbaceous and woody species and that serve as habitats of a variety of wild animals ,support domesticated animals , provide unique products and ecosystem services especially vital for the livelihoods of livestock‐dependent communities ( Singh ２００７) . Rangelands make approximately ７０ percent of the world摧s total area ( Zhaoli ２００４) . Thecurrent dismal state of the Hindu Kush‐Himalayan ( HKH ) Region – in many areas full of chaos , turmoil and instability –could be transformed into a state springing hope , peace and development . Ecologically sound natural resource management is a
precondition to maintain essential ecological integrity of any system , which is of critical value serving as the strongestfoundation for the sustainability of the natural resources and systems on the living planet . Ecological integrity actually is thereal substance of human happiness .
Materials and methods Matter for this paper has been largely based on the eco‐philosophy the author has been brooding over forsometime . Eco‐philosophy , from which emerges the eco‐politics , could be a strong foundation for the reclamation of mountainrangelands shared by the countries of the HKH Region through co‐management promoting mutual cooperation . Additionally ,this would be instrumental in dispelling tension and restoring lasting peace vital for food sovereignty , environmental securityand sustainable development in the HKH Region .
Results and discussion
Ecology as a Culture of Peace Ecological integration of all the ecosystems and biomes of the Earth is the most essential conditionof the very sustainability of life on the planet . Peace on Earth emanates from the condition of the ecosystems that servehumanity with life‐sustaining foods , life‐supporting products and life‐stimulating services . Ecology is the culture of peace .Ecological well being in the Region would ensure economic well‐being of the livestock‐dependent communities who formmajority in the mountains .
Biological Corridors : A Concept Co‐management of the rangelands in the HKH Region , as also proposed by Zhaoli ( ２００４ ) ,should be regarded not only essential but an imperative for restoring ecological balance and promoting peace and sustainabledevelopment in the Region . Rangeland ecosystems could be transformed into biological corridors linking the unique biodiversity‐laden habitats between two or amongst many countries in the Himalayan Region .
Eco‐politics Concept The eco‐politics can induce the member nations of the HKH Region to undertake co‐management of theirnatural resources in the border areas and share tangible benefits to be accrued through ecological affluence . Intangible benefitsthat would infuse sustainability in the land‐based production and livelihood systems will come the natural way . Resourceconservation‐based eco‐politics , rather than the resource degradation‐oriented conventional geopolitics , would give healingtouch to the wounded mountains and their long‐suffering people .
Conclusions Eco‐politics with meaningful fusion of ecology and politics that can guarantee unity and integrity would articulateinto the welfare of the people and all living beings and the nourishing systems on Earth . Food sovereignty , environmentalsecurity , development and peace achievable though pragmatic eco‐politics would be exemplary for other ecological regions of theworld – a path towards acquiring a happy and sustainable world .
ReferencesSingh , V . ２００７ . Study on Rangeland Management in the Selected A reas in K umaun H imalaya . D .Phil . Thesis . Srinagar( U ttarakhand) , India : HNB Garhwal University .Zhaoli , Yan . ２００４ . Co‐management of rangelands : an approach for enhanced livelihoods and conservation . ICIMOD .
Newsletter , No . ４５ . Kathmandu : ICIMOD .
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Maintaining grassland biodiversity while controlling the shrub Rhus glabra
James Stubbendieck and K ay L . Kottas , Department o f A gronomy and Horticulture , University o f Nebraska , P .O . Box
830915 , L incoln , NE 68583‐0915 USA ,E‐mail : j stubbendieck＠ unl .edu

Key words :Biodiversity , smooth sumac , Rhus glabra , herbicides
Introduction In the United States of America , the tallgrass prairie is a fragmented , threatened ecosystem . Few areas remainintact and many of those are degraded by increasing densities of woody plants . Historically , the resprouting shrub smoothsumac ( Rhus glabra L .) was a minor species (Weaver and Clements , １９３８) kept at low densities and restricted to ravines by adisturbance regime of fire and grazing . These and other processes are limited and some occur no longer ( Steinauer and Collins
１９９６ ) . Therefore , these plants increase rapidly and form dense thickets threatening productivity and biodiversity of the prairies( Tunnell et al . ２００６ ) . We tested the use of herbicides and fire to control smooth sumac with the goal of maintaining native forbbiodiversity .
Materials and methods The experiment was conducted at Nine Mile Prairie ( ４０°５１′N , ９６°５１′W ; ９７ ha) , a tallgrass prairieremnant １４ km west of Lincoln , Nebraska USA . Annual precipitation averages ７１８ mm , with a majority occurring from Aprilto October . The dominant soil was Pawnee clay loam ( fine , montmorillonitic , mesic Aquic Argiudoll ) . The study was arandomized complete block with １３ herbicide treatments and one control per block . Three blocks were located in both theburned and non‐burned areas . Prescribed burns were conducted in May and herbicide treatments in June . Broadcast spray‐applied herbicide treatments per ha were １ .０６ and ２ .１３ kg ae ２ ,４‐D LV Ester ; ０ .１５ kg ae Picloram ＋ ０ .５６ kg ae ２ ,４‐D LVEster ; ０ .２０ kg ae Picloram ＋ ０ .８４ kg ae ２ ,４‐D LV Ester ; １ .１２ and ２ .２４ kg ae Triclopyr ; １ .２６ kg ae T riclopyr ＋ ０ .４２ kg aeClopyralid ; and ０ .５６ kg ae Picloram . Wick‐applied herbicide treatments per ha were １ .４０ kg ae ２ ,４‐D Amine ; ０ .２ kg aePicloram ＋ ０ .７４ kg ae ２ ,４‐D Amine ; １ .４８ kg ae T riclopyr ; １ .１１ kg ae Glyphosate ; and ０ .７４ kg ae Picloram . For two yearsfollowing treatment , live smooth sumac stem densities were counted within a ３ x ７ m quadrat in each plot in mid‐September ,and forb frequencies were determined in late August using multiple placements of a ０ .５ by ０ .５ m quadrat . A mixed modelanalysis of variance was used to assess treatment differences . We focused on the most abundant forbs and the shrub leadplant( Amorpha canescens Pursh) because it is an important indicator species of a high quality tallgrass prairie plant community( Stubbendieck and Conard １９８９ ) .
Results and discussion Pretreatment stem densities of smooth sumac were not significantly different across all treatments ( P＝

０畅９１７０ ) . No interactions between herbicide and burning were detected , but the main effects of herbicide treatment and burningwere significant . Smooth sumac stem density in burned plots (０ .２７ stems/m２
± ０畅０６) was greater than stem densities on non‐burned plots ( ０ .１４ stems/m２

± ０ .０４ ) . Stem densities were significantly reduced compared to the control ( P ＝ ０ .０００１ ) ,regardless of the herbicides used or the application method . Forb frequencies varied by treatment . Where ２ ,４‐D , Picloram ＋

２ ,４‐D , and glyphosate were applied with a wick , forb frequencies two growing seasons af ter treatment were not different fromthe control . Forb species richness for the wick treatments was consistently greater than for the spray treatments . Frequenciesof leadplant where herbicides were applied with a wick were four times greater than when herbicides were applied as a broadcastspray .
Conclusions Prescribed burning is not an effective control measure for smooth sumac . While most herbicide treatments greatlyreduced smooth sumac , the broadcast spray application resulted in decreases in forbs and leadplant . Wick application effectivelycontrolled smooth sumac and prevented decreases in forb frequencies .
ReferencesSteinauer , E . , Collins , S . , 1996 . Prairie ecology : The tallgrass prairie . In : Samson , F . , Knopf , F . Prairie Conservation .Washington , D .C . : Island Press , ３９‐５２ .Stubbendieck , J . , Conard , E . 1989 . Common Legumes o f the G reat Plains . L incoln : University of Nebraska Press .Tunnell , S . , Stubbendieck , J . , Palazzolo , S . , Masters , R . , ２００６ . Reducing smooth sumac dominance in native tallgrass
prairie . Great Plains Research １６ , ４５‐４９ .Weaver , J . , Clements , F . , １９３８ . Plant Ecology . New York : McGraw‐Hill .
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Heavy metal Pb stress on germination and growth of 5 clover varieties
Sun Zhen‐z hong1 , Wei Qiao2 and Y in Jun3
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Introduction There are more than ３６０ species of clover all over the world . Cultispecies such as T ri f olium repens , T ri f olium
p ratense and etc . were widely used nowadays . Clover was not only used as forage , but also used as green manures ( CarmelaBahiyyih et al . , ２００５ ) . As the problem of heavy metals contaminating soil is more and more seriously , the plant grow thcharacteristics with heavy metals stress were studied by more and more people . This paper describes the germination and
grow th of ５ clover varieties with heavy metals Pb stress .
Materials and methods The germination experiment treatments applied were : ５ concentrations of Pb ( ０mg/ kg , ２００mg/ kg ,
６００mg / kg , １０００mg/ kg , １２００ mg / kg ) as the form of C４ H６O４ Pb solution was used to water the seeds when the papers run
short of water . The seeds , packed in paper , were stored in the greenhouse(２８ ℃ average temperature) . Every paper consisted
of １００ seeds . Results were recorded １０ days af ter planting . In the pot‐cultured experiment , more than １０ clover seeds , packed
in a pot , were stored in the greenhouse . The mixture of ４ kg soil and ４５ g manures were put into a pot to feed the seeds . ５seedlings were remained in every pot when the clover sprouted and grew well . ５ different concentrations of Pb as former were
used to water the soil when the clover was in its branching stage . Leaf area( determined with a CI‐２０２ leaf‐area meter) , plant
height and overground biomass( fresh weight ) was recorded when clover was in its early flowering stage . All the experiment
was arranged in randomized blocks with ３ replications .
Results Clover摧s germination rate , radicle length , leaf area , plant height and overground biomass were reduced by the increasing
of concentration of heavy metal Pb . Different clover varieties had variable germination rate and a downward trend in
germination rate of ５ clover varieties( Figure １ ) . The seedling radicle length , leaf area , plant height and overground biomasswhen concentrations of Pb was １０００mg/ kg and １２００ mg/ kg were significantly lower than it was when concentration of Pb was
０mg / kg ( Figure １) .

Figure 1 E f f ect o f heavy metal Pb stress on germination and grow th characteristics o f 5 clover varieties .

Conclusions Heavy metal Pb stress has a strong influence on the germination and grow th characteristics of ５ clover varieties .
Varietal differences in clover with heavy metal Pb stress . The germination of T ri f olium incarnatum affected little by heavy
metal Pb stress ( Figure １ ) . Low level heavy metal Pb concentrations have little influence on the germination and grow th
characteristics of ５ clover varieties . But a significant downward trend in radicle length , leaf area , plant height and overground
biomass was made by the increasing of heavy metal Pb concentrations .
Reference
Carmela Bahiyyih M . Arevalo , Allan P . Drew , Timothy A . Volk ( ２００５ ) . The effect of common Dutch white clover
( T ri f olium repens L .) , as a green manure , on biomass production , allometric grow th and foliar nitrogen of two willowclones . Biomass and Bioenergy , ２２‐３１ .
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Restoration of degraded Mongolian rangeland by overseeding techniques ?
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4 ET H Zurich , Institute o f Plant Science , Universit惫tstrasse 2 , 8092 Zurich , Sw itz erland
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Introduction Large areas of Mongolian rangeland pastures are heavily degraded , mainly due to overgrazing . A main problem ofsevere degradation is the loss of key grass species ( Sasaki et al . ２００７ ) resulting in a strongly impaired capacity for selfrehabilitation (Darhiihuu et al . ２００８ ) . Thus , we applied different overseeding techniques to test whether they are successful toreintroduce plant species into degraded rangeland of Mongolia .
Materials and methods At three sites representing three ecological zones ( mountain steppe , forest steppe and steppe )overseeding experiments were carried out during three years . The most costly technique was sowing in rows where the seedswere covered with １‐２ cm of soil . Other techniques were broadcasting , broadcasting followed by animal trampling ,broadcasting followed by harrowing , broadcasting followed by litter cover . Two mixtures of grass ( A gropy ron cristatum ,
Stip a kry lov ii , Bromus inermis , Elymus dahuricus , E . sibiricus ) and the legume ( Medicago v aria) species were overseeded .At ten days intervals the number of seedlings of grasses and Medicago were counted throughout the whole growing season . Theresults are presented for the overseeding technique sowing in rows and the best of the other techniques . The experimentaldesign was a completely randomized block design with ４ replicates .
Results and discussion Despite the dry climatic conditions with annual precipitation of ２００ to ３５０ mm yr‐１ , seeds were able to
germinate at all three sites ( Table １) . In all sites and all years the overseeding technique�sowing in rows�reached the highestnumber of seedlings and the highest maximal germination rate ( P ＜ ０ .０００１ ) . The second best overseeding technique changedamong sites and years , without a clear pattern . Likewise there was no trend whether Medicago v aria or the grasses reachedhigher numbers of seedlings .
Due to high death rates during the growing season , generally no survivors were left before winter ( Table １ ) . One exceptionoccurred at the mountain site with the highest precipitation and the coolest temperatures . But even at this site survivors wereobserved only in one out of three years . The lack of success of overseeding demonstrates how extremely difficult ( re )introduction of species into plant communities is under the environmental conditions of Mongolia . In addition we found thatsevere degradation strongly impaired the capacity for resilience of Mongolian rangeland plant communities ( Darhiihuu et al .
２００８) .
Table 1 Success o f overseeding techniques in terms o f highest seedling number , highest germination rate , highest death rate
and surv ivors be f ore w inter f or Medicago varia (Med .) and grasses averaged over the three years .
(SEM : standard error o f mean ; n ＝ 24 (4 rep licates × 2 seed mix tures × 3 years) .

Site Overseedingtechnique Highest seedlingnumber( m‐２ )
Highest
germination rate(m‐２

１０days‐１ )
Highestdeath rate
( m‐２

１０days‐１ )
Seedling numberbefore winter
( m‐２ )Med . Grass Med . Grass Med . Grass Med . Grass

Mountain Sown in row ３６ 热１８ ~２５ 4１１ 觋２４ 牋６ ).１ １ 哌.６ ３ 晻.６
steppe Best other treatment １６ 热２ P.３ １６ 4２ 技.３ １３ 牋１ ).２ ０ 哌.５ ０ 晻.３
Forest Sown in row ６０ 热０ P５９ 4０ 技３９ 牋０ )０ 哌０ 晻
steppe Best other treatment ２８ 热０ P２８ 4０ 技１５ 牋０ )０ 哌０ 晻
Steppe Sown in row ２３ 热５５ ~３０ 4２２ 觋２１ 牋１１ W０ 哌０ 晻

Best other treatment ３ 殮.９ １７ ~１２ 4７ 技９ r３ ).５ ０ 哌０ 晻
SEM ２ 殮.８ ２ P.８ ２  .０ １ 技.０ １ r.６ ０ ).９ ０ 哌.２ ０ 晻.４
Conclusions Under the given environmental conditions restoration of severely degraded rangeland is , if ever possible , ex tremelydifficult .
ReferencesDarhiihuu , A . , et al . , ２００８ . Self rehabilitation of degraded Mongolian rangeland by grazing exclosure . This volume .Sasaki , T . , et al . , ２００７ . Threshold changes in vegetation along a grazing gradient in Mongolian rangelands . Journal o f

Ecology 96 , １４５‐１５４ .
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Can replacing native grasslands with agronomic species improve the above‐ground productivity on
the Mixed Prairie in Canada ?
W .D . W illms1 , Zhao Mengli2 , H an Guodong2 , X . H ao1 and R . Beck 1
1 A griculture and A gri‐Food Canada , Lethbridge , A lberta , Canada T1J 4B1 ; 2 Department o f G rassland Science , Inner
Mongolia A gricultural University , Hohhot , Inner Mongolia , P . R . China . 010018 .

Key words : A gropy ron cristatum , Psathy rostachys j uncea , establishment period
Introduction The relative benefits of introducing forage species to the Northern Great Plains has been examined in wellpublicized studies with contradictory conclusions . In most cases the research was conducted in trials that were confounded bytime of establishment or where the treatments could not be randomized and consequently lacked independence . Therefore , weinitiated a study to re‐examine the relative productivity between commonly introduced species and native Mixed Prairiecommunities on the Northern Great Plains .
Materials and methods We examined the above‐ground primary production ( ANPP) and harvested biomass from A gropy ron
cristatum ( L .) Gaertn . , Psathy rostachys j uncea ( Fisch .) Nevski and T riticum aestivum L . in comparison with the nativecommunity in a randomized complete block design with ４ blocks and ５ treatments over １２ or １３ years from establishment . Thestudy was repeated on two sites having either a Brown or Dark Brown Chernozemic soil in southern Alberta , Canada . Averageannual precipitation at the sites was ３４８ and ３７７ mm , respectively . The native community was represented by a control( nativecont ) and a harvested treatment ( nativeharv ) . We examined the ANPP and harvested biomass of the introduced species andthe nativeharv in three , ４ /５‐yr periods at each site .
Results and discussion With the exception of P . j uncea on the Brown Chernozemic ( BC ) site , the seeded treatments wererelatively more productive in the establishment period than in subsequent periods ( Table １ ) . Following establishment , A .
cristatum produced similar yields as nativeharv on the Dark Brown Chernozemic (DBC) site but about １ .８ times more on the BCsite . P . j uncea generally produced less ( P ＜ ０ .０５ ) or similar ( P ＞ ０ .０５ ) yields as nativeharv while T . aestivum producedmore ( P ＜ ０ .０５) . The study confirms the relative ANPP advantage of A . cristatum to native on the BC site but not on theDBC site . T . aestivum was the most productive on both sites and its ANPP advantage to the native appeared sustainable . Ourstudy does not support unconditionally the previous claims of improved productivity from introduced grasses ( Smoliak １９６８ ,Kilcher and Looman １９８３ ) since their relative performance was affected by species , time since establishment and by site .Production comparisons of introduced species with native communities must consider their previous management . Furthermore ,the relative productivity of native grasslands is strongly influenced by their defoliation regime . Therefore , productioncomparisons of introduced species with native communities must consider their previous management .
Table 1 Above‐ground net p rimary p roduction o f native communities and monocultures o f seeded introduced species during
three periods since establishment at two sites on p rev iously unbroken land . The e f f ect o f period , treatment , and its
interaction on A N PP are signi f icant ( P ＜ ０ .０５ ) f or each site) .Native Introduced

Period Natcont Natharv A . crist . P . j unc . T . aest .
( years) Dark Brown Chernozemic (１９９４ to ２００６)

ANPP ( g m‐２ )
１ to ４ z１７８b１ 墘

１５４ab ２９１c １２３a ３３８d
５ to ８ z１７８b １３９b １３８b ８７a １６４b
９ to １３ 憫３０６c ２５９b ３０１bc １９０a ５３８d
Mean ２２１ `１８４ u２４３ \.１ １３３ 灋３４６ (

Brown Chernozemic (１９９５ to ２００６)
ANPP ( g m‐２ )

１ to ４ z６４a ７５ab ２６５c ９３b ４７６d
５ to ８ z１２４a ９１a ２０５b １３４a ２２４b
９ to １２ 憫１７８b １２９a １７８b １２０a ２０７b
Mean １２３ `９８ ^２１６ 妸１１６ 灋２６９ (

１ a‐d Means followed by a common letter within row are not different ( P ＞ ０ .０５) .
Conclusions The belief that seeding native grassland with introduced species would increase forage production is not supportedby this study . A . cristatum , probably the most productive of the perennial forage grasses that were introduced to the MixedPrairie , yielded greater ANPP in the more xeric community represented by the BC site but demonstrated little advantage on themore mesic community of the DBC site .
ReferencesSmoliak , S . １９６８ . Grazing studies on native range , crested wheatgrass , and Russian wildrye pastures . J . Range Manage . ２１ :

４７‐５０ .Kilcher , M . R . and J . Looman . １９８３ . Comparative performance of some native and introduced grasses in southernSaskatchewan , Canada . J . Range Manage . ３６ : ６５４‐６５７ .
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Seedling recruitment of alpine grassland under different disturbance in the Headwaters of
Yangtze and Yellow Rivers on Tibetan Plateau
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Introduction Concern is growing about grassland degradation . Seedling recruitment is important in grassland succession
(Welling and Laine , ２００２) . The objective of this study was to clarify the relative contribution of seedling recruitment patternsto the alpine grassland community with levels of degradation .
Material and methods The study was conducted at Guoluo Prefecture , Qinghai Province ( ３３°４３′– ３５°１６′N , ９８°４８′– １００°５５′E) , located in the middle of the Qinghai– Tibetan Plateau at an average altitude of over ４０００ m . The vegetation is typicalalpine meadow . The experiment was conducted during the June to August of ２００７ by field investigation fixed samples . In ourstudy , three sampling plots (３０m × ５０m) per degradation level and five quadrats (５０cm × ５０cm) per each plot were set up . Weselected four samples by different degraded levels : Normal undegraded meadow ( ND ) , Lightly degraded meadow ( LD ) ,Medium degraded meadow ( MD ) and Heavily degraded meadow ( HD ) ( Ma et al . ２００２ ) . The ND meadow is the alpinemeadow that has enclosure and forbid grazing , and the other three degraded meadow are free‐grazing alpine meadow . Theseedlings were identified if it is seedling from seed or asexual reproduction by research methods of Welling and Laine ( ２００２ ) .The data were statistically analyzed using ANOVA with SPSS version １２ .０ packages .
Results At all four levels , the clonal‐seedlings showed significantly larger contribution to grassland regeneration than seed‐seedlings . Our results show that with increasing degradation , the total seedlings recruitment showed a decreasing contributionto grassland regeneration . The habitats degradation had a significant impact ( P ＜ ０ .００１ ) on natural seedling recruitment ingrassland . The regeneration by natural seedling recruitment was more effective under ND than other degraded meadows . Withthe increase of degradation , the total seedlings and clonal‐seedlings recruitment showed a degressive contribution to grasslandregeneration . But , the seed‐seedlings recruitment presented an increase with the degradation ( HD ＞ MD ＞ LD) ( Figure １) .

Figure 1 Total seedling numbers ( ± SE)
per square meter under f our degraded‐level
alp ine grasslands .

　 　 　 　 　

Figure 2 Seed‐seedling and clonal‐seedling numbers
( ± SE) per square meter under f our degraded‐level
alp ine grasslands .

Conclusions Results suggest that habitats fragmentations because of degradation have significant negative effect on successfulseedling recruitment . Additionally , clonal‐seedlings play a more important role than seed‐seedlings in structuring grasslandcommunity under all conditions .
ReferencesMa , Y .S . , Lang , B .N . , Li , Q .Y . , Shi , J .J . , Dong , Q .M . , ２００２ . Study on rehabilitating and rebuilding technologies fordegenerated alpine meadow in the Changjiang and Yellow River source region . Pratacultural Sciences , １９ ( ９ ) ,１‐４ . ( inChinese with English abstract)Welling , P . , Laine , K . , ２００２ . Regeneration by seeds in alpine meadow and heath vegetation in sub‐arctic Finland . Journ al

o f Vegetation Sciences , １３ , ２１７‐２２６ .
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Soil restoration in the Songnen plain :A case study of degraded grassland after being fenced for
five years
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Introduction Fencing is a simple and feasible method for restoring degraded grassland in the Songnen plain of northeast China( Li et al , １９９５ ) . Af ter grazing was banned within the fenced area , grassland ecosystems began a semi‐natural and self‐restoring process . The aim of this study is to clarify the restoration of the soil nutrient status in the degraded grassland afterbeing fenced for five years .
Study site and methods The study site was in the southern Songnen plain in Xinhua County ( E１２２°５５ .４１３′ , N４４°３４ .０５２′) . Theclimate is temperate semi‐arid , with semi‐humid continental monsoons in the area . The annual average temperature is ５ .１ ℃and annual rainfall is ４５０mm . The soil types are mostly meadow soil and saline‐alkaline soil . A fence １hm２ in size had beenbuilt in the extreme grazing area in August ２００１ . Grazing was banned thoroughly within this fenced area , but the outside wasstill open for grazing . After being fenced for five years , the dominant species inside the fence were Leymus chinensis ,
Calamagrostis ep ige jos and A rtemisia scoparia , while the dominant species outside was only annual Chloris v irgata .

Soil sampling points were randomly selected inside and outside the fence in August ２００６ . The soil core digging method was todig three layers at each point , i .e . ０ ～ １０cm , １０ ～ ２０cm , ２０ ～ ３０cm . Twelve points were sampled inside the fence and six
points outside . The conventional methods were used to analyze the soil nutrients ( Nanjing Institute of Soil Science CAS ,
１９７８) . The analysis components included total nitrogen ( TN ) , nitrate‐nitrogen ( NON ) , total phosphorus ( TP ) , availablephosphorus ( AP) , total potassium ( TK ) , and available potassium ( AK ) . Independent Sample T test was used to analyzesignificant differences between the inside and outside areas of the fence at same soil layers .
Results The difference in AK in the ０ ～ １０cm layer and the difference in TP in the １０ ～ ２０cm layer between the inside andoutside areas were significant ( Table １) , but the other soil nutrient indices at the same layers inside and outside the fence werenot significantly different . Inside the fence , the vertical distribution of nutrient indices showed a decreasing gradient rule fromthe surface to the deep layers , whereas outside the fence NON and TK were lower in the ０ ～ １０ cm layer and higher in the １０ ～
２０cm layer , with the content decreasing further in the ２０ ～ ３０cm layer . In the ０ ～ １０ cm layer , both NON and TK inside thefence were higher than the outside , and the other soil indices from inside the fence were lower those from the outside .

Table 1 Comparison o f soil nutrients between the same layers inside and outside the f ence (Means ± SD) .
Layers( cm) Fence TN( ％ ) NON(mg / kg ) TP( ％ ) AP( mg / kg) TK( ％ ) AK(mg / kg )

０‐１０ 铑Inside ０ �.１３ ± ０ .０２ ０ V.０８１ ± ０ .００４ ０  .０２５ ± ０ .００８ ２ 靠.９６ ± ０ .７２ １  .８９ ± ０ .３１ １９０ �.８４ ± ２９ .８９ a

Outside ０ �.２０ ± ０ .１５ ０ V.０７８ ± ０ .００３ ０  .０３２ ± ０ .００９ ３ 靠.１７ ± ０ .８５ １  .８０ ± ０ .５１ ２４６ 怂.８４ ± ６３ .８５

１０‐２０  Inside ０ �.１２ ± ０ .０２ ０ V.０８０ ± ０ .００６ ０ �.０２２ ± ０ .００７A ２ 靠.１１ ± ０ .１９ １  .６８ ± ０ .２９ １５７ 怂.２２ ± ２０ .２３
Outside ０ �.１１ ± ０ .０２ ０ V.０８２ ± ０ .００６ ０  .０３２ ± ０ .００４ ２ 靠.４１ ± ０ .６８ １  .８７ ± ０ .２２ １８４ 怂.２２ ± ４３ .２５

２０‐３０  Inside ０ �.０８ ± ０ .０５ ０ V.０７７ ± ０ .００４ ０  .０２１ ± ０ .００６ １ 靠.９４ ± ０ .２８ １  .６４ ± ０ .３４ １６０ 怂.０２ ± １９ .５９
Outside ０ �.０７ ± ０ .０２ ０ V.０８１ ± ０ .００５ ０  .０２３ ± ０ .００８ ２ 靠.００ ± ０ .５１ １  .７７ ± ０ .５５ １６３ 怂.３８ ± １２ .７６

a : t test result ∣ t∣ ＝ ２畅５７７ ，p ＝ ０畅０２ . A : t test result ∣ t∣ ＝ ２畅９７０ ，p ＝ ０ .００９ .

Conclusions NON and TK increased in the surface layer ( ０ ～ １０cm ) after fencing for five years in the Songnen degraded
grassland , while all other indices did not change significantly . The soil nutrients of the fenced grassland showed a clear verticaldistribution rule , i .e . decreasing from the surface to the deep soil layers . Surface soil may be more sensitive to the effect offencing and the banning of grazing . We conclude that the restoration of soil nutrients is a slow process .
ReferencesLi JD , Zheng HY . Study on improving saline‐alkaline grassland in Songnen plain . Journal o f Northeast Normal University

(natural edition) , 1995 , １ ,１１０‐１１５ .Nanjing Institute of Soil Science CAS . The physical and chemical analysis of soil . Shanghai : Shanghai Press o f Science and
Technology , 1978 , pp . ６２‐１４１ .
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Changes of vegetation in the sandy desertification process of grassland in Yanchi , Ningxia
D .M .Xu1 , K . W ang2 ,Y .Z .X ie1

1 N ingx ia University , Y inchuan , N ingx ia 750021 , PR China , 2 Department o f G rassland Science , College o f A nimal
Science and Technology , China A gricultural University , Bei j ing 100094 , PR China

Key words : vegetation , sandy desertification , perennials , therophytes , psammophyte shrubs
Introduction Yanchi county , locates at the southwest fringe of Mu Us sandy land , and is an ecotone comprising sandy landthrough to desert steppe and to steppe . Over the recent decades , Yanchi has suffered severe sandy desertification . The distinctvegetation conditions between sandy grasslands at different desertification levels have resulted from a considerable difference inintensity of wind erosion . The objective of this study is to explore the changes of vegetation characteristics among differentdesertification degrees .
Materials and methods For quantitative field sampling , three １１０km‐long parallel transects running from inner steppe to mobile‐sand dunes were established according to vegetation distributing image of Yanchi county . The sampling plots were arranged at
２km intervals along each transect . In each plots , plant density , frequency , coverage and height for each species were recordedand the importance value for each species were calculated through relative density , relative coverage , relative height and relativefrequency using the method described by Ren (１９９８) f rom July to August at the peak of crop standing .
Results A total of ６４ plant species were recorded . At the potential desertification land ( PD) , the dominant plants were Stip a
bungeana and Lespedez a potaninii .At the light desertification land ( LD) , Lespedez a potaninii was most frequently found .Atthe medium desertification land (MD) , Leymus secalinus and Echinopsilon div aricatum were frequently found .At the severedesertification lands ( SD ) , the dominant plant was Salsola pesti f er . At extreme desertification land ( ED ) , floristiccomposition is dominated by psammophyte shrubs such as Salix psammophy lla , A rtemisia sphaeracephala .
Table 1 Patterns and dynamics o f p lant li f e f orm composition f or di f f erent deserti f ication categories .

Desertificationcategories Total speciesnumber
Perennials Therophytes Shrubs or semi‐scrubs

Speciesnumber Dominance( ％ ) Speciesnumber Dominance( ％ ) Speciesnumber Dominance( ％ )
PD ２３ 蝌１７ t８７ Z.３３ ６ 吵１２ 鞍.６７ ０  ０ 寣
LD ４９ 蝌３４ t６７ Z.７１ １５ 适３２ 鞍.２９ ０  ０ 寣
MD ２８ 蝌１９ t６２ Z.６９ ９ 吵３７ 鞍.３１ ０  ０ 寣
SD ２８ 蝌１３ t４３ Z.６３ １４ 适５５ 鞍.９４ １  ０ G.４３
ED １７ 蝌３ ]１９ Z.９７ ８ 吵２２ 鞍.９４ ６  ５７ ^.０９

Conclusions With sandy desertification aggravating , the steppe species lost their former competitive advantages and gradually
gave place to arid and sand tolerant perennial species and therophytes and eventually to psammophyte annuals and shrubs .Therefore , the steppe dominant species became subdominant component in light and medium desertification lands and droppedout or even faded out in severe and extreme desertification lands .
ReferenceRen , J .Z . , １９９８ . Investigative methods of pratacultural science . China A gricultural Press : Bei j ing , China , １１‐１６ .
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Study on ecological restoration to degenerated Leymus Chinensis rasture
YA N Zhi‐j ian , Gao L i
The G rassland Research Institute o f CA A S , Hohhot 010010 , China . E‐mail :Y anz j1962＠ sina .com

Key words :Degenerated Leymus Chinensis pasture , Improvement , Ecological recovery , Community succession , Biomass
Introduction Leymus Chinensis pasture spreads in north China widely and Productivity is higher than other tape of pasture .Recent years its ecological environment gets worse and productivity decreases obviously due to human disturbing andcomprehensive effect of natural factors . The techniques for rejuvenating degenerated Leymus Chinensis pasture in DongwuCountry were studied . A useful kind of method for ecological recovery and norm of community succession was found .
Results １ . The soil available nutrient of improving field was higher than the CK , but content of organic matter was lower thanthe CK . That due to the increase of soil microorganism activity and made the accumulated organic matter decomposed rapidly .
２ .The natural height of leaf layer of Leymus chinensis on improving field was average increased ９㎝ ， raised ３０％ ; The grow thstrength dry matter was average increased ８１０ g / hm２ .t , raised ５ .３ times . The density and coverage got a great improvementthere were ２６２ strains of Leymus chinensis per square meter and it was １９３ strains more than the CK , therefore , the densityand coverage raised ２ .８ and ２ .４ times respectively . ３ .The total production of improving field was １２７ .１５％ higher than theCK , and the biomass of Leymus chinensis was ５１１ .３６％ more than the CK , so the effect of boosting production was significantThrough the significance test , the difference of total production was not significant , but no significant difference was observedin Leymus chinensis at the second year of improvement . The other years the difference of both Leymus chinensis and total
production was extremely significant . ４ . Grassland improvement loosed the soil , improved the extension strength ofunderground rhizome of Leymus chinensis , increased the biomass of underground root system , and enhanced the ability ofnutrient uptake and vegetative propagation . ５ .The content of crude protein in Leymus chinensis on improving field raised １ .
１％ , the quantity of various nutritional components in unit area was increased ３ .５ ～ ４ .８ times . As far as the nutritional valuewas considered , １ hm２ was equal to １４ .６ hm２ control grassland .
Conclusions １ . The improvement showed complex active effect on ecological environment improving : Improve soil fertility andstructure . ２ .It could take １０ years as one cycle to rejuvenate the plants , improve grassland production , and make the foragestable , high quality and yield .３ .It could not keep high production forever through just one time improvement , and there wouldbe degradation succession few years later , so it needs incessant renewal . ４ . The appropriate period of improvement should belimited during mid‐July and mid‐August . If too early , the annual or biennial weeds would appear in the grassland and affect thedevelopment of rhizome of high‐quality forages ; if too late , the weeds seed mature and made the plant community complex toaffect the quality of grassland . ５ . The grassland which was being rejuvenation for ２ or ３ years , only could do cutting grasslandbut not pasture in order to guarantee normal development and propagation of rhizomatous forages .
ReferencesMclean ,A .１９９３ . Range management and beef production on a commune Inner Mongolia . Rangelands ５ :４‐６ .Wu ,Z .Y .T he vegetation o f China .pp ５１９‐５３６ .
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Analysis on the rangeland degenerate gradient of Bayanbulak
ZHA NG X ian‐hua , A N Sha‐z hou , E‐mail :z lz xh1314＠ 126 .com
College o f Pratacultural Engineering , X inj iang A gricultural University , K ey L aboratory o f G rassland Resources and
Ecology o f X inj iang , Urumqi 830052 , China

Key words : degenerate gradient ; rangeland degeneration ; dominant ; overloaded ; primal synusia
Introduction The Bayanbulak rangeland , located in the southern slope Tianshan mountain in Hejing County , Xinjiang , is ２４００
～ ３８００ m above sea level . It is a perch and close mountain basin , with a total area of １３９９８ km２ ( Xu Peng , １９９３ ) . It is notonly the important animal husbandry production base , but also the important water source of Kaidu River . However ,influenced by global climate warming , unreasonable use and the overloaded herds , a series of ecological questions appeared suchas rangeland degeneration , soil desertification , weeds spreading and so on .
Research methods The study takes the degenerate gradient rangeland as the sample and the plant community characteristicshould be consistent with obvious and general or light degeneration . The study was initiated from ５ to １５ of August in ２００５ ,determined the coverage , height , density , abundance and yield of the plant community . The sample area is １m２ , and eachdegenerated rank replicates ５ times .
According to SDR２ ＝ ( C′ ＋ Y′) /２ ( C′ is relative coverage , Y′ is relative weight ) , the study can calculate the degree ofdominance of each investigated sample , define the dominant species , companion species , and confirm the different degenerated
gradient .
Results and discussion Stip a purpurea and Festuca kry lov iana are the primary dominant and subdominant species inBayanbulak , the dominance is ０ .６ ～ ０ .７ and ０ .３ ～ ０ .６ , respectively . As the result of the growing degeneration , the dominanceof these two plants drops from ０ .６ to ０ .２ , even to zero . But the dominance of those plants like A stragalus alp inus and Leymus
ovatus which have a bad palatability and are suitable to grow in the sandy soil increase from ０ .３ to ０ .６ , even forms the solecommunity . In the mild , moderate and serious degenerated rangeland , the ground biomass are １５００ ～ ２２５０ , ７５０ ～ １５００ and
７５０kg / hm２ ; the proportions which S . purpurea occupies are above ８５％ , ６５％ and below ５０％ ; the dominance are ０ .６ ～ ０ .７ ,
０ .３ ～ ０ .６ and below ０ .３ , respectively . Mild degenerated rangeland : The primal synusia of community has not got obviouschange , but the fine grass yield reduces . The dominance of S . purpurea is above ０ .６ , and the total coverage is above ５０％ .Moderate degenerated rangeland : the herbage synusia becomes constructive species , the percentage of participating increases to
７０％ above ; the fine grass steps down for the associated synusia , the percentage of participating falls to ３０％ below . The
primal vegetation is replaced by other inferior herbages ; as a result the fine grass proportion drops . The dominance of S .
purpurea is ０ .３ ～ ０ .６ , and the total coverage is ３０ ～ ５０％ . Serious degeneration rangeland : The typical characteristics are soildesertification , basification , and surface exposition . The percentage of participating is smaller than ５０％ ; inferior herbagesbecome the dominant synusia . The dominance of S . purpurea is below ０ .３ , the total coverage is below ３０％ .
Conclusions ( １ ) Taking S . purpurea as the dominant species , with the consideration of the total coverage , Bayanbulakrangeland may be divided into the mild , the moderate and the serious degeneration . ( ２ ) degeneration area of Bayanbulakrangeland reaches as high as ２９１４００ ha , accounts for the total area ６４ .３８％ , in which the serious degeneration takes ９１８６７ ha ,accounts for ２０ .３％ , Moderate degenerated is ９６６９８ ha , ２１ .３６％ and Mild degenerated covers １０２８３５ ha , ２２ .７２％ .
Besides climatic factor , the main reasons for the degeneration of Bayanbulak rangeland are the unreasonable herds system andthe overloaded domestic animal . Regarding rangeland degeneration , some countermeasure should be proposed initially : for theserious degenerated , herd is forbidden ; for the moderate degenerated , herd should be adjusted of seasonal variations and berotational grazing ; for the mild degenerated , herd should be in the delimited area with rotational grazing .
ReferenceXu Peng , １９９３ . Grassland Resources and Utilization of Xinjiang . Urumqi : Xinjiang Science & Technology & HygienePublishing House .
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Effects of desertification on C and N contents and storages in Horqin sandy grassland , northern
China
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Introduction Sandy grasslands are widespread in northern China , where desertification of grassland is very common because ofovergrazing and wind erosion . However , very little is known about the effects of desertification on grassland C and N contentsand storages in this region .
Materials and methods A field experiment was conducted in the Horqin sandy grassland during ２００３ to ２００４ , where degree ofdesertification gradients could be utilized to evaluate C and N contents and storages in plant , litter , and soil components relativeto the degree of desertification .
Results The results showed that that ( １ ) land desertification could result in significant decreases in soil carbon and nitrogencontents , but the decrease of carbon and nitrogen contents in the plant and litter was not significant in the desertification
processes ; (２) the carbon and nitrogen storages decreased significantly with increase of grassland desertification degrees ; thecarbon and nitrogen storages lost by the desertification reached up to １０７ .５３Mt and ９畅９７Mt in Horqin Sand Land during thelast one century , and the average amounts lost per unit area were ３ .６ kg /m２ and ０ .３ kg /m２ ; ( ３ ) the ９２‐９６％ carbon storageand ９６‐９７％ of the nitrogen lost by desertification came from soil organic C and total N ; the carbon and nitrogen storages lost inplants and litter accounted only for ３‐７％ and ２‐３％ of total lost carbon and nitrogen storage ; ( ４ ) most of the carbon andnitrogen in the grassland are lost in early stages of the desertification process ( in the light and moderate desertified stages) , theamount of carbon and nitrogen lost was less in later desertification stages ( in the heavy and severe stages) ; (５ ) the loss of soilorganic C and N storages results mainly from decrease of nutrients‐rich soil fine particles eroded by wind . The decrease of plantand litter carbon and nitrogen storages results mainly from loss of soil potential productivity .
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Effect of anthropogenic disturbances on plant functional groups diversity , composition and
ecosystem stability of meadow in Kanasi Reserve
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Introduction Human‐driven grassland ecosystem degradation has highlight questions about how the number and composition ofplant functional groups in a grassland ecosystem influence its functioning ( Tilman D . et al . , ２００６) . Although biodiversity andcomposition are now known to affect grassland ecosystem productivity ( Tilman D . et al . , １９９７) , their effects on stability aredebated .

　 　 　 　 Figure 1 Changes o f f unctional groups dominance
under f our disturbance intensities .

Methods Here we present the dependence of the temporalstability of ecosystem and functional groups ( shrubs andhalf shrub , perennial bunch grasses , perennial rhizomegrasses , sedges , forbs , legumes , annuals and biennials)on plant diversity in a short‐term meadow experimentthat divided into four disturbance intensities ( light ,moderate , heavy and over ) and established １００ plots .Ecosystem stability is defined as S ＝ standard deviationof aboveground biomass within each plot /meanaboveground biomass . Functional groups dominance isdefined as D ＝ ( relative height ＋ relative density ＋relative coverage ＋ relative biomass) /４ . We determinedfunctional groups diversity and ecosystem stability withthe use of ２ years (２００６‐２００７) of data collected annuallyon plant species , individual height , density , coverageand aboveground biomass within each plot ( ０ .５m × ０ .
５m ) . The regression of aboveground biomass onfunctional groups diversity was analyzed with the use of

　 　 　 　 Figure 2 E f f ects o f disturbance intensities on
ecosystem stability .

repeated measures MA NOV A .

Results and discussions The dominance of perennial bunchgrasses , annuals and biennials increased with increasingdisturbance intensities , on the contrary , perennialrhizome grasses , forbs and legumes decreased ( Figure
１) . The results showed that perennial bunch grasses ,annuals and biennials have greater endurance andresilience to disturbance , whereas perennial rhizomegrasses and legumes have more sensitivity . Thetreatments of light and moderate disturbance intensitieshad lower standard deviation ( lower risks ) for a givenmean biomass ( return) ( Figure ２ ) . The results showedthat lower disturbance intensity leads to less ecosystemproductivity fluctuation and greater ecosystem stability .
Conclusions Perennial bunch grasses , annuals andbiennials have greater endurance and resilience todisturbance and they can adapt to more intense disturbedhabitat . Whereas perennial rhizome grasses and legumes have more sensitivity to disturbance and they can adapt well to�equable" habitat . The greater ecosystem stability of lower disturbance intensity plots resulted from their having lowerstandard deviation . In total , on average across the two years of measurement , ecosystem stability was significantly dependenton the changes of functional groups composition and diversity under different disturbance intensities .
ReferencesTilman D . et al . ２００６ . Biodiversity and ecosystem stability in a decade‐long grassland experiment . Nature , ４４１ (１) : ６２９‐６３２ .Tilman D . et al . １９９７ . The influence of functional diversity and composition on ecosystem processes . Science , ２２７(２９ ) : １３００‐
１３０２ .
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The influences of coal mining collapse on the saturation conductivity of soil In Maowusu sandy
land
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Introduction The saturated conductivity is an important character for soil properties , which is a significant water power
parameter for soil water movement to research . The saturated conductivity is a function for texture , weightiness and holedistributing character of soil , the hole distributing character of which has had a great affect on the saturated conductivity .
Materials and methods Three sampling area were selected , which were no‐collapse area , one– year area and two‐year collapsearea . The soil samplings were collected from ３ areas in Maowusu sand land . Twenty‐seven soil samplings were sampled fromeach site in three different depths by the １００ml loop sword . The sampled soil samplings were prepared to measure the saturatedconductivity by water‐pressure change method . The results were discussed on the change in different depth and different areas .The measured data were compared with the soil hole . The saturated conductivity and hole of soil were analyzed by using SPSS
１１ .０ to generate correlation coefficient . The variety is analyzed by ANOVA method .
Results There were great correlation in between the saturated conductivity and hole of soil , the correlate coefficient is amount to
０ .８３( P ＜ ０ .０５ ) . The saturated conductivity of soil is ０ .００８２cm / s in no‐collapse area , ０ .００８９cm/ s in one – year area , ０ .
０１０２cm/ s in two‐year collapse area . The influence is the greatest in ５０ centimeter , the smallest in １０ centimeter . Comparisonwith no‐collapse area , collapse area was added evidently in ５０ centimeter and ３０ centimeter . Three areas nearly vary in １０centimeter . In one– year area and two‐year collapse area the saturated conductivity were respectively greater １２ .０％ and ３３ .
９％ than that of no‐collapse area in ５０ centimeter , １０ .２％ and ３２ .４％ in ３０ centimeter .
Table 1 The saturated conductiv ity o f diversity samp ling site .

Conductivity Repeating sampling１ �Repeating sampling２ URepeating sampling３ ǐAverage
no‐collapse area ０  .００７８ ０ f.００８０ ０ 技.００８７ ０ 7.００８２
one – year area ０  .００８８ ０ f.００９８ ０ 技.００８０ ０ 7.００８９

two‐year collapse area ０  .０１１７ ０ f.００８３ ０ 技.０１０６ ０ 7.０１０２
Conclusions Coal Mining Subsidence added the ventilate dank hole quantity . Granule substance with rainfall is moved so that soilhole is enlarged . Comparison with no‐collapse area , the saturated conductivity of soil in each layer is added in collapse areas ,which is greater in deep layer than in shallow layer .
ReferencesLi‐pinfang , Li‐baoguo , ２０００ , The comparative research of sand land water evaporation and grassplot dissipation , I rrigation

works transaction , ３ :２４‐２８ .Wang‐mingyuan ,Guan‐sanhe , ２００２ ,Soil water character and vegetable use in MuUs sandy land , Journal o f A rid L and
Resources and Env ironment ,２ :３８‐４４ .
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Introduction There are about ４００ million hectares grassland in China , which accounts for more than ４０％ of the land area .Grassland is not only the production base of the animal husbandry , but also the ecological environment protection . According tosome relative reports : ９０％ of grassland in China has problems of degradation , desertification , salinization , and erosion indifferent degree which is mainly caused by reclamation . The ecological impacts on several large‐scale reclamations in the pasthave not recovered yet . Therefore , this article combining the current situation of Chinese grassland , concluding historicalmistakes , taking history as a mirror , reasonably developing and utilizing grassland , managing it scientifically , correctly adjustthe relationship among population , resources and environment , let the dream of sustainable harmonious development betweenhuman and nature to be true .
Methods This article aimed at reclamation of Chinese grassland in the historical period , concerning fields such as history ,
geography , Grassland science , and so on . Therefore , this article uses the method of historical research , based on abundantwork on collection and looking up references , analyze and compare the direct or indirect information and material , viasummarizing and interpreting to educe the research results . The references include books and magazines on geography , history ,nomads , Grassland science ,agricultural history , farming and so on .
Conclusions according to the compare between the analysis of the history of reclamation of Chinese grassland and situation ofreclamation af ter the foundation of PRC , it can be concluded :(１) Af ter the emergence of human activities , there was a close relationship between China grassland and human activities hasclose links . With population grow th and social development , human started reclaiming the prairies . Since then , human beingsevolved developing the grassland from relying on the grassland . The reclamation of grassland has caused the adverse impact to
grassland and ecology . This impact is still unable to resume .(２ ) Though out several large‐scaled reclamations in Chinese history , the reasons of reclamation can be summarized as : ①migration for the supplement of the army mainly during Qin , Han , and Ming dynasties ;② for the shortage of food caused bythe increasing population mainly during Tang and Qing dynasties ; ③ for gaining economical benefits mainly during Public ofChina .
(３) Though the compare between history and nowadays , it can be found that solving the problem of food shortage and gainingthe economical benefits as the two main reasons for the reclamation are very meaningful . Now we realize that reclamation canonly currently solve the food shortage but not for a long term , instead it would make the ecological and environmental problemsworse . Therefore , we should draw lessons from history , protect grassland , develop grassland rationally , manage grasslandscientifically , handle the interaction of population , resources , and environments correctly , and realize the harmony betweenhuman beings and nature .
Supported by MOST :２００６BAD２６B０４０３ , ２００４ DEA７１１９０
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Effects of the artificial grassland reconstruction on the soil nutrients and enzyme activity in the
degraded red soil

Ouyang Kehui1 and W ang K un2

1 College o f A nimal Science and Technology , Jiangx i A gricultural University , Nanchang 330045 , China ; 2 Institute o f
G rassland Science , China A gricultural University , Bei j ing 100094 , China . E‐mail : ouyangkehui＠ sina .com
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Introduction It is an important stratagem of solving the conflict between short supply of food and lack of arable land toreconstruction the artificial grassland in the subtropical hill regions in southern China ( Ouyang et al . ２００７ ) . And plantingforage in the degraded ecosystem also help to accelerate the establishment of environment , especially have the good effects ofincreasing the soil nutrients content and the enzyme activity .
Materials and methods The site was on a hill pasture in Jiangxi agricultural university , north of Nanchang , China ( １１６°０摧E , ２８°
２２摧N , altitude ６１ .２m , gradient １５°) . The soil was red soil . T reatments were : ( Ⅰ ) Natural grassland , with the naturalvegetation of Imperata cy lindrica , Miscanthus sinensis etc . ; ( Ⅱ ) Pure pasture of Lespedez a cuneata and ( Ⅲ ) Pure pasture of
Pasp alum wettsteinii . In sown pastures １２５０kg / hm２ of lime and ２２５００kg / hm２ of stable manure were applying beforeestablishing the pasture . In June of the next year , the pH value , total nitrogen ( TN) , phosphorus ( TP) and potassium ( TK) ,and the activities of catalase , acid phgatase and urease in different soil layer were determination .
Results The results were in Table １ . In three grasslands the soil nutrient content ( except TK) and the enzyme activity generallydecreased with soil depth . In the established artificial grasslands , the soil pH rose , the soil nutrient content ( except TK) andthe enzyme activity in all soil layers were increased . These effects of treatment Ⅲ were better than treatment Ⅱ ( except TN) .These effects in the upper soil depth were more distinct than those in the lower soil depth .

Table 1 E f f ects o f constructing arti f icial grassland on soil nutrients and enz yme activ ity (cm , g 爛 kg‐1 , mg 爛 kg‐1 ) .
Soil layer pH TN TP TK catalase acid phgatase urease

Ⅰ

０ ～ ５  
５ ～ １０ 0
１０ ～ ２０ ^
２０ ～ ３０ ^

５ -.２７ ±
０ .２３B

０ 寣.６５ ± ０ .１１C ０ ,.５４ ± ０ .０２C １１ �.９３ ± ０ .１３AB １８ 櫃.７２ ± ３ .２９Bc ０  .３１ ± ０ .０７Cc ０ ǐ.５６ ± ０ .０５Aa
０ 寣.４３ ± ０ .０５D ０ ,.６６ ± ０ .０５C １２ �.３４ ± ０ .２２A ６ k.０７ ± ２ .１１De ０  .１６ ± ０ .０２Ee ０ ǐ.３８ ± ０ .０７Bc
０ 寣.３０ ± ０ .０３E ０ ,.３４ ± ０ .０３D １０ �.６２ ± ０ .０８B ３ k.１１ ± ０ .９７Fg ０  .０５ ± ０ .０１Ff ０ ǐ.２５ ± ０ .０１CDe
０ 寣.２７ ± ０ .０４E ０ ,.３３ ± ０ .０５D １２ �.８１ ± ０ .２７AB ２ k.００ ± １ .８４Gh ０  .０５ ± ０ .０１Ff ０ ǐ.２３ ± ０ .０１Df

Ⅱ

０ ～ ５  
５ ～ １０ 0
１０ ～ ２０ ^
２０ ～ ３０ ^

６ -.１３ ±
０ .１９A

１ 寣.３５ ± ０ .２７A １ ,.２５ ± ０ .０４AB ９ 烫.９６ ± ０ .１６C ２４ 櫃.８１ ± ３ .３７Aa ０  .３６ ±
０ .０４BCb ０ ǐ.５７ ± ０ .０６Aa

０ 寣.９０ ± ０ .０９B ０ ,.７３ ± ０ .０２C ９ 烫.３０ ± ０ .２０C １７ 櫃.１２ ± ３ .０６Bc ０  .４０ ± ０ .０２Bb ０ ǐ.５０ ± ０ .０３Ab
０ 寣.５０ ± ０ .０６CD ０ ,.３４ ± ０ .０１D １１ �.１２ ± ０ .２４B ４ k.６３ ± １ .６８Ef ０  .２４ ± ０ .０２Dd ０ ǐ.２６ ± ０ .０１CDe
０ 寣.４３ ± ０ .２１D ０ ,.３４ ± ０ .０１D １０ �.３１ ± ０ .２９B ３ k.３７ ± ０ .４１Fg ０  .０５ ± ０ .０１Ff ０ ǐ.２６ ± ０ .０１CDe

Ⅲ

０ ～ ５  
５ ～ １０ 0
１０ ～ ２０ ^
２０ ～ ３０ ^

６ -.３４ ±
０ .０４A

１ 寣.０８ ± ０ .３９B １ ,.５７ ± ０ .０４A １３ �.７０ ± ０ .１６A ２６ 櫃.０１ ± ２ .９９Aa ０  .５１ ± ０ .０６Aa ０ ǐ.６１ ± ０ .０７Aa
０ 寣.８４ ± ０ .１７B １ ,.１８ ± ０ .０５B １０ �.５８ ± ０ .０８BC ２１ 櫃.４６ ± ２ .０３Ab ０  .３７ ± ０ .０２Bb ０ ǐ.５２ ± ０ .０４Ab
０ 寣.４０ ± ０ .０３D ０ ,.３９ ± ０ .０１D １２ �.９１ ± ０ .１５AB ７ k.６６ ± １ .５４Cd ０  .１７ ± ０ .０１Ee ０ ǐ.３０ ± ０ .０１Cd
０ 寣.２９ ± ０ .０３E ０ ,.３０ ± ０ .０１D １１ �.５１ ± ０ .０６AB ４ k.０６ ± １ .７８Ef ０  .０６ ± ０ .００Ff ０ ǐ.２７ ± ０ .０１CDde

Discussion Reconstructing artificial grassland could increase soil nutrients content and enzyme activity through planting herbageand managing grassland . Which also enhance the differences of the vertical distribution of soil fertilizer in different soil depth .The effect of planting grass was better than planting legume in short times .
ReferenceOuyang Kehui , Wang Kun , Li Delong , Li Zhenming and Liu Bing . ２００７ .Establishment of sown pastures in the hilly red soilregion of the subtropics in southern China . T rop ic G rasslands , ４１ (２) : ９２‐９９ .
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Research on classification criteria of Heitutan ( black soil beach ) degraded grassland in
Sanjiangyuan region

L i X i‐lai Sun H ai‐qun L i Chang‐hui Lu Guang‐x in L ian You‐j un L i Ji‐lan Zhang Y ing
A gricultural and Husbandry College o f Qinghai University . X ining , 810003 , China

Key words : Heitutan degraded grassland , classification criteria , alpine meadow , Qinghai‐Tibet Plateau , Sanjiangyuan region
The severe problems of ecosystem environment in Sanjiangyuan , in which was the source of Yangzi , Yellow and Lan‐Cang‐jiangRiver in southern Qinghai of China , were extensively attracted by lots of researchers around the world , especially problems ofHeitutan degraded grassland . To restore Heitutan degraded grassland on alpine meadow , the research of classification criteriaof Heitutan ( black soil beach ) degraded grassland in Sanjiangyuan was conducted in this paper . The sites were located inSanjiangyuan region , in which was part of Qinghai‐Tibet Plateau . The Heitutan degraded grassland was formed by humanactivities , overgrazing , rodents and so on conditions , it was not a normal type . Its species composition , community structure ,biodiversity , biological productivity , soil and micro‐environment , and other aspects of the degraded grassland system haveobviously changed compared with its original state of equilibrium or evolutionary succession in the natural system . Therefore ,the indicators selected were not consideration climate factor , only selected the vegetation cover , a stone cover aboveground ,advantages of four kinds of economic groups , edible forage ratio , the effective numbers and the average numbers of rodentholes , the average rate of rodent destruction , soil thickness , number of layers and slope , and elevation , as a total of １４ kinds ofindicators of the degraded grassland for cluster analysis . Test plots were located in the seven counties of Sanjiangyuan areas ,total of ４５ plots . In each plot , the １４ indicators were determined , which above mentioned .
Using hierarchical cluster analysis of statistical software SPSS １１ .５０ to cluster , the cluster method adopted between‐groupslinkage . The coefficient of the distance adopted squared Euclidean distance . The scope of the changes in each index was relativelarger , therefore , data standardization choice Range (‐１ ,１ ) , and the graphics output using Dendrogram in the process ofclustering .
According to key indicators of all degraded grassland , the classification criteria of Heitutan degraded grassland were sorted outfrom ４５ plots in Sanjiangyuan ( Table １) .
Table 1 The classi f ication criteria o f Heitutan degraded grassland in Sanj iangyuan .

Heitutan degraded
grassland

The averagenumber of hole
( per/ ha)

Dominance
poisonousweeds

The proportionof edible plants
( ％ )

Stone coverageaboveground
( ％ )

Vegetationcoverage ( ％ )
Cyperaceaedominance

Original type ０‐４００ 鲻０‐２０ 厖７０‐１００ 灋０‐１０ �８０‐１００  ３０‐５０ Ё
Middle ４００‐１０００ �２０‐３０ 吵５０‐７０ p１０‐３０ -６０‐８０ 觋２０‐３０ Ё
Severe １０００‐４０００ �３０‐５０ 吵４０‐２５ p３０‐５０ -８０‐６０ 觋１０‐２０ Ё
Extreme ＞ ４０００ 4＞ ５０ 晻０‐２５ B＞ ５０  ０‐５０ 技０‐１０ y
Beach Middle ＜ １０００ 4＜ ３０ 晻＞ ５５ R＜ １５  ＜ ３０ 烫＞ ２０ 墘

Severe １０００‐４０００ �３０‐５０ 吵２５‐５５ p１５‐５０ -３０‐８０ 觋１０‐２０ Ё
Extreme ＞ ４０００ 4＞ ５０ 晻＜ ２５ R＞ ５０  ＞ ８０ 烫０‐１０ y

Slope Middle ＜ １０００ 4＜ ３０ 晻＞ ５５ R＜ ３０  ＜ ３０ 烫＞ ２０ 墘
Severe １０００‐４０００ �３０‐５０ 吵２５‐５５ p３０‐５０ -３０‐８０ 觋１０‐２０ Ё
Extreme ＞ ４０００ 4＞ ５０ 晻＜ ２５ R＞ ５０  ＞ ８０ 烫０‐１０ y

Note : the beach slope : ００‐７０ , slope gradient : ７０‐２１０ .
Through cluster analysis methods , the classification criteria of Heitutan degraded grassland in Sanjiangyuan were researched .There are different classification criteria in different degraded grassland . From primary grassland to extreme degraded
grassland , the numbers of grassland classification were ３ ,１２ , ８ and ４ separately , because of community competition . This wasshowed that primary grassland and extreme degraded grassland type were both less number types than middle and severedegraded grassland , in which the community competition were of intensity . The Heitutan degraded grassland could be dividedtwo kinds of ecological types , which were beach and slope . Each ecological type could be divided into middle , severe andextreme degraded grassland type . The classification indicators of Heitutan degraded grassland included the average numbers ofrodent holes , dominance poisonous weeds , the proportion of edible plants , stone coverage aboveground , vegetation coverage ,and Cyperaceae dominance . Community types of extreme Heitutan degraded grassland were quite simple and their communitiestend to stability . The change of degraded types of that was relative less , but in middle and severe degraded type , grasslandvegetation was not stable , community competition was intense , and its community structure was complex , especially the middledegraded type . The management measures of all kinds of degraded grassland were proposed .
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Population dynamics of soil microorganisms in deteriorate grassland in West Region of China
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Introduction Animal husbandry is the most important sector of West Region of Chinese economy , and it accounts , for example ,
４５ .３６％ and ５０ .０６％ of total agricultural output value in Inner Mongolia and Sichuan province respectively ( CAYEB , ２００６ ) .In recent years , sustained overgrazing and rodent�s destruction are responsible for more than ５０ ％ degradation of grassland inwestern China , which causes serious social and economical problems in the region . To prevent deteriorate , intensivemultidisciplinary researches have been performed . However , there is little documented information on microorganisms
population changes in the region though it is well known that soil microorganisms play an important and vital role in grasslandecosystem . The objectives of present study focused on enumerating and detecting different groups of microorganisms�population dynamics in the region .
Materials and methods The study was carried out at Tianzhu alpine grassland experiment station (３７°１１摧‐３７°１３摧N , １０２°２９摧‐１０２°
３３摧E) of Gansu agriculture university , northeastern of Tibet plateau in China . Soil samples were collected ( ０‐４０cm in depth)and treated as described by Xu and Zhang ( １９８６ ) at three sites ( Table １ ) in June , August and October in ２００３ and ２００４respectively . The number of soil microorganisms ( fungi , actinomycete and bacteria) and nitrogen bacteria group ( ammonifyingbacteria , nitrobacteria , diazotroph and denitrobacteria ) were enumerated by plate colony count or MPN method ( Xu andZhang , １９８６ ) .
Table 1 Basic condition o f samp le sites .
Sample
site

Vegetation Soil
Main species CO HE pH WC OM TN TP

Rodent hill Microula sikkimensis , Elsholtz ia ciliate , Polygonum
v iv ip arum , Oxytrop is spp . , Potentilla chinensis ３７ Ζ３３ 适８ ┅.０ １９ 屯.８０ １０ 耨.９１ ０ �.５０ ０  .０４３

Unfenced
grassland

Kobresia bellardi , Carex spp . , I ris chinensis , P .
v iv ip arum , O . spp . , Stellera chamaej asme , P .
chinensis

４１ Ζ２２ 适８ ┅.０ １８ 屯.４１ １０ 耨.８３ ０ �.４５ ０  .０４２
Fenced
grassland

K . bellardii , C . spp . , O . spp . , Stipa cap illata , P .
v iv ip arum , P . f ruticosa , P . chinensis , Cy perus spp . ８２ Ζ４１ 适７ ┅.８ ２４ 屯.４２ １２ 耨.２２ ０ �.６４ ０  .０５８

CO : coverage ( ％ ) ; HE : height ( cm ) ; WC , OM , TN and TP means percentage of water content , organic mat ter , total N and total Prespectively . Rodent hill : original vegetation damaged ; Unfenced grassland : nearby animal road , tight soil .
Results and discussion The number of soil microorganisms and nitrogen bacteria group in serious degradation grassland( unfenced grassland and Rodent hill) were much less than those in slight degradation ones ( Fenced grassland) ( Table ２ ) , andtheir distribution tendency with temporal change showed �Low ( June )‐high ( Aug .)‐lower ( Oct .) " pattern except fungishowing �high ( June)‐Low ( Aug .)‐lower ( Oct .) " pattern in plant grow th period ( Figure not shown) . Moreover , predominantspecies of fungi , A spergillus , Rhizopus , Penicillium and Mucor , were similar while their numbers varied with habitat ( fencedgrassland was higher than the other two habitats , data not shown) . This was due to vegetation and soil condition significantdifference in three habitats ( Table １ ) . The number of microorganisms in this study was distinctly low compared to thoseobtained by Zhao ( Zhao et al , １９８４ , the same method and sites ) because of grassland deteriorated . The results clearlyillustrated the important decline of soil microbial population associated with the deterioration of grassland . Therefore , it is veryimportant to take soil microorganisms into account when utilization and management grassland .
Table 2 The number o f soil microorganisms and nitrogen bacteria group in di f f erent habitats × 104 / g dry soil .

Habitat Fungi Actino‐mycetes Bacteria Ammonifyingbacteria Nitrobacteria Diazotroph Denitro‐bacteria
Rodent hill ０ u.３０a １７０

b
８０７

b
８０４

b
０ 览.１８b ５ R.０３b １ 寣.０２b

Unfenced grassland ０ s.２２b １５５
b

５８０
c

５１８
c

０ 览.１１b ４ T.１２c ０ 寣.９７b
Fenced grassland ０ u.３２a ２５５

a
１３０２

a
１１７０

a
０ 侣.５３a ６ T.１６a ２ 帋.１３a

T he data in the table is an average of ２００３ and ２００４ ; Letters different mean significant level ( P ＜ ０ .０５ )
Conclusion The number , as well as distribution , of soil microorganisms and nitrogen bacteria group varied greatly with habitat ,it was much higher in slight degradation grassland and summer than in serious degradation grassland , autumn and spring .
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Indicators and characteristics of degenerated grassland in China
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Key words : grassland degradation , index of degeneration , degradation hazards
There are more than ４００ million hm２ of grasslands in China , and more than ８０％ are in various degrees of degradation .Degredation of China�s grassland ecosystem contributes to productivity constraints . Grassland degradation is the deteriorationof structural characteristics , material recycling , energy flow and other characteristics of grassland ecosystems , that is , thebiological communityand the physical environment required for their survival .
Grassland degradation diagnosis Ren Ji‐zhou academician proposed a�three threshold value" , that is , a health threshold value , awarning threshold value , and an unhealthy threshold value based on soil stability and nutritive value and energy flowdistribution mechanism for restoring three indicators . He established a scale for evaluation of grassland health and function ,and pointed out that it is the grassland degradation process which leads from the threshold value for healthy grasslands to thethreshold value for collapsed systems . Finding the line between the two thresholds from the threshold for health to theunhealthy threshold , is the key for determining whether grassland degradation is occurring ( Hu Tian‐ming . ２００１) .
Degraded grassland classification and evaluation indicators Grassland degradation is a process , that is , it occurs over a period oftime from initial decline to extreme degradation of the grassland . The degree of degredation can be divided into four stages :mild , moderate , severe and extreme . Indicators of these stages include plant species composition , dominant plant cover , litter ,
plant biomass , wildlife species composition and condition , soil conditions , etc . . .These indicators and their status play animportant role in theoretical study and practical applications( Shi Zhi‐Cheng . ２００１ ,Liu Wei , Qi‐Ji Wang , et al . １９９９) .
Degradation causes Over‐grazing is the main reason for grassland degradation . Under natural conditions the unit area ofgrassland can only maintain a certain number of livestock . If frequent , unrestricted excessive grazing by livestock occurs ,adequate regrow th will not occur . There is no time to accumulate organic matter , production decreases , and dwarf shrubsbecome more common . In addition , good forage , those species preferred by livestock , are most affected by overgrazing , whiletoxic species are favored Over the long‐term xcessive livestock trampling increases soil compaction , resulting in lower
permeability , increased flooding , and further deterioration of soil properties . In grasslands , many other human impacts alsolead to degradation( Zhou Hua‐kun . ２００２ , Hu Tian‐ming . ２００１) .
Grassland degradation hazards Grassland degradation simplifies plant communities and soil properties deteriorate ,with the resultthat grassland structure and composition undergo great changes . Subustantially reduced productivity and potential stockinglevels are not the only impacts of degredation , biodiversity loss is also a major concern . Studies show that with grasslanddegradation , species richness and evenness are greatly reduced ( Li , Jiang . ２００２) . And as degradation continues , soil physical ,chemical and biological characteristics are adversely impacted . Nutrients and physical properties decline and plant grow th isfurther restricted . Soil water‐retention capacity is also decreased , thus affecting the environment , and leading to ecologicaldecline and potential natural disasters( Li , Yong‐hong , Chen Zhong . １９９９) .
ReferenceHu Tian‐ming . ２００１ . Northwest of natural grassland protection measures and technologies . A gricultural Research in Dry

A reas １９ :１２２‐１２６ .
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Quantitative analysis on different degeneration stage of meadow steppe in Hulunbeier , Inner
Mongolia
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Introduction Range condition in North America have been using for half a century ,this method as well as some grasslandmonitoring methods manual are mainly based on the changes in plant species composition of succession to stage or stages ofdegradation ,it can reflect years interference ( eg ,grazing ) the results ,but certain methods are important as an indicator species ,and neglected the role of other plant species ,it can only choose the neglect of other important species of plant species werediscussed this issue .
Materials and methods Use the same range site ,to settlements for the Centre to set up three line ,and each line every ５０ m basedon a sample point ,three line of a total of ２４０ samples ,Each sample around random set five of the ２０ × ５０cm２ quadrat ,a total of
１ ,２００ quadrat ,the quadrat of all plant species within the projector coverage ,and many of the biomass ( dry weight ) .Thecalculation dominance of all plant species ,will be the corresponding quadrat the average get an average of ８０ data and the use offuzzy systems SAS８ .０ cluster analysis method .
Results According Demirmen ( １９７２ ) indicated that the principle of Class identified ,found two adjacent points of the closecoefficient big jumps ,the average coefficient two adjacent points is a threshold value ,with the actual situation of the grassland ,grassland can be of Class three ( fig１ ,２ : Ⅰ 、Ⅱ 、Ⅲ 、and ⅰ 、ⅱ 、ⅲ ) .

Figure 1 The dendrogram o f cluster analysis by
summed dominance ratio o f seven main species .

Figure 2 The dendrogram o f cluster analysis by
summed dominance ratio o f all species .

(A 、B 、Ⅰ 、Ⅱ 、Ⅲ 、A摧、B摧、ⅰ 、ⅱ 、ⅲ indicated the mark o f di f f erent distance coe f f icient)

Conclusion Although indicators different ,but the results of the same cluster .Use of all plant species cluster ,the threshold valueof ５６ .８３７ for the three class ,threshold coefficient span the distance smaller ,larger than ３７ .１５４ of threshold value at the sametime use the main plant species cluster ,these showed that the use of all Clustering of plant species than the main species to theeffect of clustering poor ,but the amount of information to include the whole ,the mosaic kind of small points ,sample points ofthe relationship more clear .This may be other non‐ dominant species added to the trend of the degradation of the dominant plantspecies and occupation .
ReferencesDyksterhuis E .J .１９４９ .Condition and management of rangeland based on quantitative ecology .J .Range Manage . ２ :１０４‐１１５Daniel W .U .１９９０ .Using multivariate techniques to quantitatively estimate ecological stages in a mixed grass prairie . Journal

o f Range Management . ４３(４) :２８２‐２８５
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Influence of composition ratio of herbage and shrub on roadside vegetation characteristics along
Bi‐Tong Highway
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Key word :Slope protection ,vegetation restoration ,shrub and herbage mixture ,community diversity
Introduction Highway plays important role in promoting the development of Chinese economy ( Forman R ,２００２ ) .With theincrease of Highway in China ,great attentions have been paid on the eco‐environmental issues caused by slope cut and plantclearance including soil and water erosion ,habitat loss ,air pollution etc .This study was conducted to address the influence of re‐vegetation of shrub and herbage mixtures on vegetation community including species composition , distribution pattern ,community diversity etc .The findings of this study can be used as reference for restoring the roadside vegetations destroyed byhighway construction in the similar geographical areas .
Materials and methods This study was conducted along the roadside of Bi‐Tong Highway in Tongbai County ( N３２°２３′ ,E１１３°
２８′) ,which is in a transition zone between subtropical and temperate .The yellow soil in the sample site is very poor in terms offertility .The native vegetation is broadleaf forestry , which degraded seriously due to long‐history human activity . Thecharacteristics of road vegetation along roadside including species composition ,plant cover ,plant density and species diversitywere sampled in ３ repeated ５m × ５m quadrats .The collected dada were statistically analyzed by using software of SPSS １５ .０ .
Results The results show that Leguminosae ,Gramineae and Compositae dominated the plant community and play importantroles in the re‐vegetated plots .The density ,coverage ,height and biomass of re‐vegetated communities increased gradually withthe increased density of planted herbages .The highest value presented when the seeding rate of herbage reached ７００ plant 爛m‐２ .The species richness ( Margalef index ) ,plant diversity ( Shannon‐Wiener index ) and Pidou evenness index tended toincrease with species density at the beginning ,but decreased when the seeding rate of herbage was over ５００ plant 爛 m‐２ .Withthe increase of seeding rate of herbage ,the species similarity between planted communities and naturally restored communitiesdecreased first and increased thereafter .This indicates that the type not density of the species planted plays important role incommunity composition .５００ plant 爛 m‐２ of seeding rate of herbage is appropriate to prohibit the ruderal from invading intorestoration plots , to promote plant coverage and increase the similarities of planted community to naturally restoredcommunities .
Conclusion The configuration of plants in the re‐vegetation is helpful to boost the progressive succession of plant community .The moderate seeding rate of herbage can increase the community diversity index .
ReferenceForman R T T ,Sperling D ,Bissonette J A ,et al . Roadecology :science and solutions .Inland Press ,２００２ ,３ ～ ３９７ .
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Rangeland management and hydrology
K .Wood1 , H .Rubio2 , and C .Wood3
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Key points : Rangeland improvements have included techniques to manipulate the hydrologic cycle on rangelands . Grazing
practices have been designed to minimize soil erosion and maximize water use by plants .
Key words : Runoff , erosion , infiltration rate , watershed , water harvesting , grazing management , range improvementtechniques
An early range saying was , �It takes more than the twinkle in a bull摧s eye to produce cattle on the western range ." Thisreferred to the western U .S .A .but probably applied to most rangelands of the world . Indeed the entire rangeland ecosystemneeds to be understood to raise cattle and the many other rangeland products and services . An important part of rangelandecosystems is the hydrologic cycle as water is the fluid of all life . This paper examines the historical perspective of rangelanddevelopments and improvements as they relate to the hydrologic cycle with most emphasis being a North American perspective .
Early hydrology research

Hydrology has its roots as a science with ancient civilizations . There is evidence of canals , aqueducts and irrigationinfrastructure that existed about ３ ,５００ BC . The phoenicians constructed rock‐wall terraces to hold the soil af ter they cut theLebanon cedar forests . Vitruvius , centuries later , believed in the pluvial origin of springs and Palissy ( １５１０‐１５９０ ) statedcategorically that rainfall was the only source of springs and rivers . In the １７th century ,Pierre Perrault and Edmé Mariotte ofFrance and Edmund Halley of Great Britain undertook hydrological research of modern scientific type so that they may well beregarded as the founders of hydrology . The １８th century saw the beginnings of systematic river flow measurements on severalcontinents . In the １９th century , William Smith in England connected geology with groundwater , and Darcy laid the foundationof groundwater theory . Enormous advances in hydrology were made during the ２０
th century , especially in conservation ;irrigation ; flood control ; remote sensing ; and ground , surface , and atmospheric modeling . Scientific advances continue into the

２１
st century .

Early range research

In contrast , range science is less than １００ years old , originating during the １９３０摧s as a discipline offering university degrees .The need for systematic methods of rangeland assessment first became apparent when Jared Smith was sent by the U .S .Botanical Survey in １８９５ to study the causes of the deterioration of western U .S .A .rangelands that had been widely reported inthe late １８８０s . Many range research methods and techniques have been developed at a rapid rate since the １９３０摧s . The firsttextbook in hydrology was Nathaniel Beardmore摧s Manual o f H ydrology published in １８６２ . The first textbook called Range
Research‐Basic Problems and Techniques was published a hundred years later in １９６２ .
Bringing hydrology and range research together

Hydrology and range science came together following flooding from overgrazed alpine areas of the Wasatch Mountain in Utah ,USA . Research led to changing the kind and number of livestock using the watersheds . Hence , runoff and erosion studiesbegan on rangelands in the U .S .A .before those on croplands ( Columbia , Missouri in １９１７ ) and forestlands ( Wagon WheelGap in Colorado in １９１０) and at locations farther west . Grazing studies in relation to watershed management , initiated in １９２０on the Tonto National Forest in Arizona U .S .A . , helped lay the foundation for recognition of the value of such studies inwestern watershed management . Studies on erosion and flood problems in California included consideration of grazing ofrangelands .
When considering the many hydrologic‐related perturbations that may be applied to the various combinations of plants , soils ,and climates , it is obvious that the hundreds of publications on rangeland watershed management are really insignificant indescribing the effects of upland treatments on water yields , sediment yields , and dissolved solids in runoff .On rangelands ,treatment effects over many years are difficult to separate from the effects of natural climatic fluctuations during the same
years .Both watershed and plot studies are required to provide this information .Watershed studies on most rangelands arecharacteristically long term .If two gauged watersheds are being compared , twenty‐five to thirty runoff events are often neededfor calibration before one watershed is treated .These twenty‐five to thirty runoff events may not occur for many years .Gaugingequipment is quite expensive . Homogeneous watersheds are often difficult to locate for pairing . Finding three or fourhomogeneous watersheds is of ten impossible — therefore , small , unreplicated samples are often used .Af ter several more yearsof evaluating treatment effects , too few publications usually came from these large , long‐term investments ; thus , plot studies
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have been very popular in the past ５０ years for evaluating watershed variables .
One of the pioneers of small rangeland watershed plot studies was Frank Rauzi in the １９５０s in the northern Great Plains of theU .S .A . Simulated rainfall was applied to small plots to measure infiltration rates and sediment yield in various plant‐soilcomplexes under various management schemes .This type of research had been conducted by other researchers since the １９３０s ,but Rauzi applied the techniques widely under numerous conditions .His publications are referenced in most of the �LiteratureCited Sections" of infiltration publications today .
Post‐world war II range improvement practices

Since World War II , rangeland watershed research and application have had a two facet approach .Cheap energy allowed drasticmechanical range improvement practices to be applied to vast areas of western rangeland .A principal goal of many of these
practices was increased infiltration rates , which reduced runoff and erosion .These continued until １９７３ , when increased energyprices allowed these practices to be used only on rangelands with high potential for forage response or special areas , such asmine tailings or highways and roadways .Range improvement practices since １９７３ have had to depend on favorable responsescoming during an extended period of time .This has also been an experimental period , with many modeling and prediction effortsand with many environmental concerns being voiced . Watershed researchers have found that hydrologic condition is generallycorrelated with range condition and seral stage .As a range site experienced plant succession from parent material through thestages of soil development to climax , the infiltration rates increased and sediment production decreased .A retrogressiveinfluence caused an opposite reaction .Many grasslands and savannas were historically depleted of woody shrubs and trees by theoccasional occurrence of wildfires .This so‐called pyric disclimax condition was interrupted by overgrazing by livestock and by avery successful century‐long fire prevention program .This resulted in vast areas of rangeland becoming infested with shrubs andtrees , which produced a decrease in forage production .It was also found that infiltration rates increased and erosion andsediment production decreased directly under the shrub or tree in an area influenced by the plant＇s crown .In the interspacesbetween plants , the understory disappeared from overgrazing and competition from the shrubs and trees .Unless the soils werevery sandy , the interspaces became highly erosive , which led to rapid retrogression in seral change . Therefore , the rangeimprovement practices that were used to kill brush and trees such as rootplowing and chaining , also improved hydrologiccondition — if a successful stands of forage plants were established .
Several range improvement practices were used solely to increase infiltration of the surface water .Contour trenching was usedfrom the beginning of the ２０th century through the １９６０s .The trenches were most of ten built in alpine areas above the timberline and were １ to ２ meters deep .The objective was to contain all water and sediment on‐site .Costs were very high and had to be
justified by the benefits to downstream wildlife and human inhabitants , through changes in quantity , quality and regimencontrol of runoff and ground flow .Rarely did the trenches increase forage production on‐site because less productive soil fromthe subhorizons was piled on top of the topsoil during construction . Contour furrows were made extensively on rangelands priorto the increased energy prices of １９７３ .The furrows were １ .５ meters apart , ２０ to ３０ centimeters deep , and ５０ to ７５ centimeterswide .The capacity of the furrows exceeded ５０ mm of precipitation , with an expected life effectiveness of about １０ years .However , a rather questionable benefit‐cost ratio was derived .
Pitting on rangelands consists of forming with a notched disc on plows small basins that are commonly １ to ２ m long , ２０ to ３０cm wide , and １０ to ２０ cm deep .Another type of pitter has a series of spike teeth on a rotary drum .The teeth punch holes in thesoil surface that are narrow and about ２２ cm deep , spaced about １ m apart .The spike tooth pitters have generally failed , whilethe disc pitters have been used in the Great Plains of the U .S .A .for increased production of established plants and in thesouthwestern U .S .A .for establishment of grass seedlings . A technique related to pitting is a land imprinter that consists of asteel drum with angle irons welded to it that imprints a variety of geometric patterns on the soil surface . Infiltration increaseswith a reduction in runoff and evaporation , while water is routed to the plant roots .
Ripping to a depth of １ m is used to break compacted soil profile layers that inhibit soil moisture penetration and rootdevelopment .A large energy‐consuming bulldozer is required .Results have been quite variable . For untreated soils in NewMexico , U .S .A .surface runoff was as high as ８９ percent of storm rainfall ; annual erosion , as high as ４ ,６４０ kg per hectare .Ripping reduced runoff ９６ percent and erosion ８５ percent in the first year after treatment .Three years after treatment , thereductions amounted to ８５ percent for runoff and ３１ percent for erosion .
Waterspreading on rangeland involved diverting water from stream channels and distributing it over nearby flood plains or valleyfloor with a dam and a series of dikes .It can also involve the spreading of runoff water and decreasing its velocity to maximizeinfiltration before the water reaches a channel .Operation is mostly automatic whenever sudden , torrential storms result inoverland flows .These systems of water conservation are of ten in conflict with water laws .Many of these systems have been veryelaborate in the past , combining spreading dikes , respreading dikes , contour furrows , gully plugs , and check dams .A morerecent dike arrangement consists of a series of crescent or horseshoe‐shaped dikes with water spilling around the ends .Dikes arelocated such that water from one dike spills into another dike downslope .The freeboard was only ３０ cm high and easily and
quickly constructed with a motorized road grader .Soil moisture was increased from １５ to ４０ percent in the top ６０ cm of soil .
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Specialized water harvesting techniques

A specialized area of rangeland watershed research and development since World War II has been water harvesting .This processinvolves collecting and storing water from land that has been treated to increase runoff .Many examples of water harvestingtechniques have been used by ranchers , municipalities , and federal agencies for watering domestic livestock , municipal
purposes , and wildlife .These developments have been given various names including guzzlers , trick tanks , paved drainagebasins , catchment basins , and rain traps .Nearly all designs have a water‐collection area or apron , a storage tank , and awatering trough .Size varies from a few square meters to thousands of hectares .The small designs are used for watering smallanimals such as upland game birds .An example of water harvesting for a municipality is the city of San Angelo , Texas , U .S .A .which depends on surface runoff to supply municipal needs .Large reservoirs were constructed adjacent to the city ; but in themid １９７０s they were nearly empty from drought .City officials inquired about techniques to increase runoff from the collectionarea that was covered by a mesquite ( Prosop is sp .‐short grass community .Controlling the brush increased runoff and decreasedevapotranspiration rates . Grazing the shortgrass increased the runoff but fecal material , at some level of concentration , wouldbe added to the runoff . If overgrazing occurred , excessive sediment was suspended in the runoff .The problem was at leasttemporarily solved by brush control and an end of the drought . Other methods of water harvesting include : water collectionform naturally impermeable areas such as slick rocks ; treating the soil with chemicals so that they become impermeable ; andcovering porous soils with corrugated roofing , plastic sheets , aluminum sheets , or heavy roofing materials .Although initialcosts and maintenance demands are great , water harvesting may be the only practical method of developing water in certainareas .In many areas , these techniques do not require water rights .They may be less expensive than hauling water and at thesame time minimize energy demands and water pollution problems .
Hydrologic implications of grazing management

The hydrologic effects of ungulate grazing were first considered in the １９７０摧s . Grazing schemes use one to several herds in oneto many pastures or paddocks were being tried and investigated in many areas . At the １st International Rangeland Congress inDenver , Colorado , USA in １９７８ , Alan Savory introduced his grazing methods that often consisted of many paddocks ( up to
５０) , one herd , and very short grazing periods in each paddock ( １‐３ days ) . Extensive research followed in many countriesincluding the United States , Mexico , Australia , and Pakistan . Some general statements can be made from this researchconcerning domestic and wild ungulates as their presence relates to water in the ecosystem . Grazing reduces plant cover andvolume , and plant species respond differently to grazing . Some plant species have little resistance to grazing while others have
great resistance , and still others are stimulated by grazing . The number of plant species that are stimulated by grazing is notnear as great as claims by advocates in the １９７０摧s . Some plant species with little resistance to grazing may become moreresistant with subsequent generations . And some species such as blue grama ( Bouteloua gracilis ) may have a bunchgrass formunder moderate to no grazing , but change to a sodgrass with lower production under heavy grazing which results in more runoffand erosion . Reduced plant cover and volume result in decreased interception of precipitation and decreased transpiration by
plants . Decreased plant cover and volume also result in decreased organic matter additions to soil , which affects soil structureand porosity . Additionally , water infiltration rates decrease , and runoff and erosion increase . Increased runoff and erosion leadto loss of sustainability after about ５０％ utilization of the present year摧s plant grow th .
Hoof action ( often called trampling ) by ungulates also reduces plant cover and volume with the same effects on the hydrology as
grazing . T rampling has been touted as a great beneficiary to soils by causing the same beneficial effects as mechanical plowing .In reality , trampling increases surface roughness when the soils are wet resulting in decreased runoff and erosion . T ramplingdecreases soils roughness when soils are dry resulting in increased runoff and erosion . Unfortunately , most arid and semi‐aridrangelands are usually dry . T rampling also affects soil configuration known as trails . When they are found up and down slopes ,runoff and erosion increase . When they are found across slopes , runoff and erosion decrease . T rampling decreases bulk densityand porosity which results in increased runoff and erosion . Fortunately , annual increases in bulk density are often mitigated bycold‐weather freeze‐and‐thaw conditions . So what are the benefits of trampling other than increasing roughness in wet soils ? Inloose sandy soils , trampling can increase bulk densities which results in increased water holding capacity . This allows wateraccess to plants that may be increased from a day to several days , which is enough for considerably more plant grow th .T rampling can also control soil‐dwelling animals such as rodents whose exposed mounds result in high erosion rates . A study inColorado , USA showed that pocket gophers may add up to １２ .５ metric tons ha‐１ yr‐１ of sediment to streams . A diagramshowing how rangeland management practices affect plant and rock cover ; plant volume ; and animal grazing , trampling , andburrowing , which ultimately affect runoff and erosion is shown in Figure １ .
The benefits of dung and urine added to soil surfaces have been known for millennia . Since the early days of environmentalawareness , there has been concern of dung being washed by runoff into streams . Because of its nature to solidify shortly afterdeposit , dung is not readily washed into streams by runoff unless it is deposited onto bare ground that is connected to a runoffsystem or the defecating animal is in the stream . Fisheries in watershed of low fertility may benefit from accelerated erosion andelevated nutrient levels .
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Figure 1 Diagram show ing how land management p ractices af f ect runo f f and in f iltration .

It is also noted that it is easy to fence out livestock . It is difficult to fence out wildlife , so the total number of ungulates may notchange from fencing out livestock . Stocking rates that result in ０％ to around ５０％ utilization of the current year摧s plant grow thare usually sustainable . Stocking rates that are much greater than ５０％ utilization of plants are rarely sustainable from ahydrologic point of view .This applies to grazing schemes that use all the forage in a pasture or paddock , even if they rest it forlong periods of time following grazing .
Generally , those grazing schemes that improve vegetation conditions also improve soil and hydrologic conditions . It is possibleto increase forage without damaging other rangeland uses . It is not known how to do this in all areas of the world .
Conclusions

From a hydrologic point of view , most rangelands can be sustainably grazed by livestock and other ungulates . Grazing levelsand rotation schemes need to be tailored to each individual ranch or pasture . Past abuses can be mitigated with numerousmechanical and biological techniques beyond grazing manipulation . Affordability and time constraints challenge range managersto be creative and use various techniques to achieve long‐range goals . Hydrologic considerations should not be overlooked , andmany management practices can be used in reaching those goals .
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Grassland and water resources : recent trends and future challenges in temperate zones
Beno绷t Marc
INRA ( Institut National de Recherche A gronomique) , Unité 055 , SA D‐A STER ; 88500 Mirecourt‐France
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Key points :Three main components of the terrestrial hydrological cycle are taken into account in this paper : soil , groundwatersand streams , linked by various transfers , such as drainage , throughflow and runoff .
The main result of this literature review is to point out the major positive effects of grassland on all the water quality criteria ,with two local problems : nitrate and microbiological parameters . In a short second part , we develop a challenge for the
grassland researcher community : to contribute to the international agronomists efforts to improve our water resource quality .To conclude , we propose some research questions for the future .
Key words :water quality , runoff , water infiltration , grassland management , farmer practices
Introduction As focused by Briggs and Courtney (１９８９) �the high yields characteristic of modern , intensive farming systems intemperate areas reflect man�s ability to modify the agro‐ecosystem in such a way to remove or diminish natural limitations uponproductivity , and to provide a more favourable environment to crop grow th�. We agree with this research on productivity as aneffect desired by many farmers in Europe and helped by our Common Agricultural Policy . On the other hand , we propose toexplain that farmer practices involved in these modern farming systems have major impacts on hydrological processes ( Beno绷t ,
１９９４) .
In this trend , the grasslands have a particular position , some of them are very intensive , but some of them have for a long timebeen managed on an extensive way . The geography of the grasslands is also very clear in temperate zones : ex tensive grasslandsare located in mountains (i .e . Alps ,Pyrénées ,Vosges ,Jura ,Central Massive ,Scotland ,Norway ,north of Sweden ,Schwarzwald , Carpathians , Tatars , . . .) and Mediterranean zones ( i .e . east of Spain , centre and south of Italy , south ofFrance , Greece) , intensive in Atlantic zones ( Netherlands , Denmark , England , Brittany) and a mix of them in central Europe( Rhine and Danube basins) .
This paper fouses on the relationships between the diversity of grassland management and the main fluxes of water in thisterrestrial hydrological cycle ( soil , groundwaters and streams , linked by various transfers , such as drainage , throughflow andrunoff ) , and will confirm recent reseraches on grassland advantages in environment management ( C .F .E . Topp , and al . ,
２００７) .
Grassland in the hydrological cycleFor the terrestrial hydrological cycle , Briggs and Courtney (１９８９) identify :
－ 　 four main components : soil , groundwaters , streams and seas ,
－ 　 four main transfers : drainage , throughflow , runoff and seepage .
This cycle is vulnerable to the effects of agriculture , and , for us , in particular , through the impact of grassland management
practices upon the transfer mechanism of water and the associated chemical and biological elements .
The focus is on two main management practices : ( i ) proportion and location of grassland in the landscape , ( ii ) farming
practices on grassland . These practices interact with interception and infiltration ( as inputs of water) and evapotranspiration ,drainage and runoff ( as outputs of water) . This hydrological cycle is a topic point when we try to take into account the globalchanges and the agriculture adaptations to climate changes , where grassland are central .
Effect of grassland on infiltration As the works of Holtan and Kirkpatrick show , infiltration rates on grassland are generallyhigher than those on arable land (Briggs and Courtney , １９８９ ) . Nevertheless , marked variations occur in grassland soils due , inparticular , to differences in sward age , composition and grazing intensity . In general , infiltration capacity increases as thepasture gets older due to the accumulation of organic material at the surface and the development of an extensive root systemand of a stable soil structure . Different types of grass also have different effects , partly because of the way in which they affectsoil structure , but also because of their varied resistance to animal trampling ( Gifford and Hawkins , １９７８) .
The most important factor controlling infiltration capacity in grassland is grazing intensity . Reviewing the hydrological effectsof grazing , Gifford and Hawkins (１９７８) concluded that light‐moderate grazing may reduce infiltration capacities by about ２５ ％compared with ungrazed pasture , while under heavy grazing infiltration capacities fall about ５０ ％ . Briggs ( １９７８ ) , forexample , comparing infiltration capacities in different areas of a single pasture on clay soils , showed that in the most heavilytrampled areas infiltration rates were zero , whereas in the least trampled areas the infiltration capacity was ７ .６ cm h‐１ .Similarly , Selby (１９７２) noted that in New Zealand , grazing may cause severe compaction , which reduces infiltration capacity ,
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promotes surface runoff and encourages soil erosion .
Effect of grassland on the soil moisture budget Farming does not affect the total quantity of water held in the soil in the longterm , but it does affect the pattern of retention throughout the year . Thus Keuren et al . ( １９７９ ) found that summer‐grazedpastures had higher rates of evapotranspiration than winter‐grazed plots but less surface runoff and subsurface outflow .
The lack of knowledge about the grassland situation has to be reduced by new researches focused on grassland management andsoil moisture budget evolution in the global changes contex t ( IPCC , ２００７) .
Effect of grassland on overland flow and surface runoff Overland flow refers to the movement of water across the soil surfaceeither in the form of thin sheets of water ( sheetwash) or as concentrated flow in rills and gullies . Horton ( １９３３ ) describedwhat has become known as Hortonian or infiltration excess overland flow . Overland flow occurs in two situations : ( i) whenrainfall intensities are greater than the infiltration capacities of the soil and ( ii) when local saturation of the soil in footslope orchannel‐side areas is created by lateral movement downslope .
Flow velocity is an important parameter in relation to runoff because it affects the time taken by water to enter the permanentstream network , and thus the response time ( flashiness) of the stream system . As w ritten by Briggs and Courtney (１９８９) , forrainfall interception , infiltration capacity , surface roughness and surface moisture retention , grasslands have a very positiveeffect .
In the temperate zones , the first wave of major researches began around the １９３０�s . Early research about the effects ofcropping systems and grassland on overland flow in the USA has been summarised by Glymph and Holtan ( １９６９ ) . RecentEuropean works are focused on the excellent effects of grassland on runoff . Chisi and Zanchi ( １９８１ ) recorded the effects ofdifferent cropping , cultivation and grassland with or without drainage , on runoff and soil loss from silty clay soils in theVicarello area near Pisa . In each situation , overland flow and soil loss from grass are less that from arable land . A grass sward
provides a more or less continuous vegetation cover which intercepts rainfall and impedes any overland flow which does occur .The improved rooting and organic matter accumulation , with the high worm activity as showed earlier by Darwin ( １８８１ ) , ingrassland soils also means that infiltration capacities tend to be higher than in arable soils .
In the same way ,Souchère et al . (２００３b) show the effectiveness of grassland location in a watershed to reduce soil loss . Usingsimulations with STREAM model in a Normandy watershed ( Bourville ) , they evaluated the increase in soil loss after the
ploughing of １７ ％ of grassland surfaces by the farmers : the overland flow increased by ７５ ％ and the soil loss by ８５ ％ . Toimprove the situation , they simulated the effect of a １ ％ increase of grassland located in strategic places : the runoff volume willdecrease by ４８ ％ .
Nevertheless , soil structural damage caused by trampling or vegetation removal due to over‐grazing may allow overland flow totake place , and in some cases serious losses may be initiated . Costin (１９７９ ) illustrates these effects by comparing plots under arange of grazing regimes , from moderate to heavy stocking , in New South Wales , Australia . Higher grazing intensitiesresulted in lower vegetation cover and higher rates of overland flow and soil loss . Similarly , the effects of herbicides used tocontrol rangeland weeds has been shown by Richarson and Bovey (１９７９) .
So , grassland strips and optimal grassland location in the landscape are the best strategic options to reduce the overland flowand soil losses in temperate zones . So , a general plan for an ecological infrastructure based on grassland is now to be built at theEuropean scale for next C .A .P .
Effect of grassland on water quality
Nitrate For many authors (Briggs and Courtney , １９８９ ; Manion , １９９５ ; Beno绷t et al . , １９９５) , grassland has a better effect onwater quality and water resources than crops .
Under cut grassland , nitrate leaching is very low when fertilizers are applied in accord with the level of yield , until N fertiliserrates of around ４００ kg N ha‐１ . A number of recent works allows us to conclude that water quality is good in respect to nitrateunder cut grassland in Europe ( Ball and Ryden , １９８４ ; Baraclough et al . , １９８４ ; Decau and Salette , １９９４ ; Dowdell andWebster , １９８０ ; Garwood et al . , １９８６ ; Jordan , １９８９ ; Simon , １９９５) .
Without fertiliser or with low levels ( less than １００ kg N ha‐１ y‐１ ) , no significant nitrate leaching is measured and a low level ofnitrate leaching until ２５０ kg N ha‐１ y‐１ . For a ４００ kg N ha‐１ y‐１ fertilisation rate , the nitrate leaching is lower if the fertilisers areconcentrated in spring and summer than when they are spread throughout the year . In this case , autumn fertilisers and soilmineralisation induced an available N amount higher than the plant needs for N . Above ４００ kg N ha‐１ y‐１ , nitrate leachingincreases rapidly .
The relationship between nitrate leaching and nitrogen fertilizer level has been investigated for grazed grassland composed of
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pure grass stands in a large range of pedological and climatic contex ts in temperate zones ( UK , France , Netherlands , New‐Zealand) ( Farrugia and Simon , １９９４ ; Lan毕on , １９７８a ; Lan毕on , １９７８b ; Ledgard , １９８９ ; Lantingua et al . , １９８７ ; Macduff et
al . , １９８９ ; Owens et al . , １９９４ ; Peyraud et al . , １９９５ ; Richards and Wolton , １９７６ ; Ryden , １９８３ ; Ryden et al . , １９８４ ;Scholefield et al . , １９８８ ; Scholefield et al . , １９９１ ; Sherwood and Ryan , １９９０ ; Simon , １９９５ ; Steele et al . , １９８４) .
Comparing with the response curve for cut grassland , the nitrate leaching for grazed pasture is higher . It stays in a moderatelevel if nitrogen fertilisation rate is low ( less than ２００ kg ha‐１ y‐１ ) . Then , it is very variable and able to reach very high levelsif fertilisation rate is higher than ３００ kg N ha‐１ y‐１ . This high variability between experiments shows that nitrogen fertilisationis not the single factor responsible for nitrate leaching . Stocking rate is a more synthetic index and gives a better explanation ofnitrate leaching .
Any farmer practice which induces a decrease in stocking rate on the pasture decreases the variability in nitrate leaching . But ,hay or silage harvesting on a grassland field also decreases the number of grazing days and consequently the nitrate leaching .The main factor influencing nitrate leaching in grazed pastures is the stocking rate .
Pesticides In our research of papers on water quality , we did not find a paper detecting pesticide contamination under grassland .This fact is central for the future of water resources in temperate zones because herbicide , fungicide , and pesticidecontaminations are increasing very rapidly in surface and groundwaters . So , the location of grassland in watersheds is a majorsolution for water managers to decrease such water contaminations (Beno绷t et al . , １９９５ ; Mignolet and Beno绷t , １９９９) .
Microbiological parameters A more critical point are bacteria , virus and parasite contaminations of water from cattle . A largenumber of papers recently pointed to this source of water contamination ( Vallet , １９９４ ; Brewer , １９９７ ; Crane et al . , １９８３ ;Larsen et al . , １９９４ ; Marinova ,１９９５ ; Moore et al . , １９８３ ; Moore et al . , １９８９ ; Sherer et al . ,１９９２) . Two main managementproblems are identified by these works : the animal trampling in the small rivers during drinking , and the direct contaminationby liquid effluents from buildings or during the spreading of slurry along the streams . New parasites are developing , as Guardiafor example .
On the other hand , we find few papers dealing with the effects of water quality on herd health , but they seem very important( Meijer et al . , １９９９) . This feedback effect of water contamination on animal production is a deficiency in our research topics .
How to increase the positive effects of grassland on water resources ?The presented results indicate a new position for grassland :their capability to protect water resources and to protect soil from erosion . So , a general trend for the area of grassland todecrease should stop in order to benefit European society . Three challenges for the future are presented :
How to increase the surfaces of grassland ?During the last thirty years , there has been a global trend to decrease grassland areathrough three factors : becoming cropland by ploughing of productive grassland , becoming forest by plantation and becomingurban zones by building .
Now , there is a new challenge to inverse this trend and to increase the grassland surfaces . But , a lot of difficulties have beenidentified : ( i) in Europe , the CAP subsidies induced an increase in crops through high level of subsidies , ( ii) industrial cheesefactories favoured the use of more maize in dairy cow feeding , ( iii) the efficiency of work and the level of investments inducedthe increase of maize in dairy cows farms ( Gall A . Le . et al . , １９９７ ; Mignolet and Beno绷t ,１９９９ ; Mignolet et al . , １９９７ ;Mignolet et al . , １９９９ ; Mignolet et al , ２００４) . And , we can add that the�image of modernity�, including our own influence asresearchers often gave a qualitative advantage to maize in livestock farming systems .
Only two main arguments are developed to increase the grassland surfaces : ( i) for high quality cheeses it is beneficial andsometimes a legal obligation to use grassland , ( ii) for water resource protection , grassland should be a major way in Europe
(Brouwer and Hellegers , １９９６ ; Oenema et al . , １９９８ ; Pflimlin and Madeline , １９９５) .
Where to localise grassland ?A major challenge for water resource protection is to locate grassland in sensitive areas for waterresources protection . The present proposal is to locate new surfaces of grassland on ( grass) strips in valleys , seen as a networkof water corridors . This should produce important effects through improving water quality and reducing water runoff (Souchère
et al . , ２００３a) . So , we have to deal with farmer decision processes .
What is more , understanding individual decisions made by farmers confronted by uncertain situations raises numerousdifficulties ( Brossier , １９８９ ) . The rational nature subtending the farmer摧s decisions appears to be part of complex process ofadaptation to the environment in a situation where information is lacking and where rationality itself is limited ( Simon , １９７５) .This process in fact belongs to an apprenticeship in which the farmer refers not only to the production factors in his possessionbut also to the family context in which he finds himself , his different objectives , the history of the farm , and the perceptioneach farmer has of the advantages and disadvantages of his system and environment ( Beno绷t et al . , １９８８) , (Bonneviale et al . ,
１９８９) , ( Dent et McGregor , １９９４ ) . It is based on the supposition that the decisions made by farmers are consistent :�given
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their situation and objectives , farmers have reasons for doing what they do" ( Brossier , １９８９ ) . The work thus consists indiscovering these reasons , by basing ourselves on the observation of how farmers manage their farms in reality (Brossier et al . ,
１９８９) . So , what is the perception of grassland in their territory by farmers , is the topic question .
How to build a new �image�of grassland ?Firstly , we have to know the current images of grassland for the people , mainly for farmers and public decidors . But , asscientists , we also have an influence on this image of grassland : how can we improve the image of grassland through our work ?This paper is one of a large number of contributions in this way . But , are we able to give enough arguments , for example inEurope , to change the level of C .A .P . subsidies , and to re‐build this common basis for the future of agriculture ?
Conclusion
What are the challenges for researchers in the future ?We identified the main favourable effects of grassland on water resources : runoff decreasing , no pesticide contamination , global
protection against high nitrate content if moderate stocking rates are used on grazed pasture . But , some new researches have tobe developed . In the future , we propose to focus on the following main research questions to improve our knowledge on
grassland and water resources :
a . Increasing knowledge on grassland location The evolution of grassland surfaces and the location of these evolutions have to beknown and to be related to water data bases . We propose to IGF‐and IRF to manage a deal with the Land Use and CoverChanges research programme : Global Land Project ( Lambin et al . ,１９９９ ; Lambin et al . ,２００３ ; Mannion ,１９９５ ; Velkamp andFresco , １９９７) . All over the world , the grassland areas are one of the major cover in term of challenges for the future ( Girardand Beno绷t , １９９０ ; Girard et al . ,１９９０ ; Beno绷t et al . ,１９９３ ; Lambin et al . ,１９９９ ; Mignolet et al , ２００４) . A scenario for futureis to re‐build a network of grassland along all the rivers . This global grassland corridor network could be a major contributionof grassland for sustainable development .
b . Modelling of farmers choices The question we want to focus is : how to preserve grasslands , where are they maintained ?In another formulation : what are the good reasons for a farmer to keep or to increase grassland ? Surveys , economical studies ,modelling of farmer�s meaning are the main methods to evaluate the possible future of grassland ( Le Ber and Beno绷t , １９９８ ; LeBer and al . , ２００６) .
c . Increasing knowledge on grassland interests for water resources by two main trends of research Develop ing a common
organisation f or Observational Research . As we showed above , we need more coordinated data basis to help us to build ourresearch hypothesis . Often , it is very difficult to compare data on an European scale . Three main trends shape this challenge :
— 　 the common development of measuring and monitoring of water quality ( field and watershed scales) ;
— 　 the generalisation of measuring and monitoring of animal health ( quality of drinking water for animals , monitoring of
parasites) ;

— 　 the improvement of measuring and monitoring of animal products .
The future of researches in these fields seams to be linked to the developments in Observational Study Methodologies
( measuring , surveying , monitoring , statistical analysis , building of common conceptual framework) . A very useful initiativecould be to initiate a International Network of Experimental Stations :�Grassland effects on natural resources�. IGF and IRFcould be the boosters of this initiative .
Building a common grassland management ty pology . If we want to compare our results in Europe , the description of
grassland management in a multi‐criteria typology is a necessity . Until now some of us have precise results on water quantitiesand qualities ( the norms and the laboratory analyses are standardised) , but we have large difficulties even in temperate zones tocompare an Irish cow pasture with a Lorraine one in a same grassland management typology . A future common challenge couldbe to build together a European grassland management typology .
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Water fluxes in the Xilin river catchment , Inner Mongolia , at different scales
Frauke Barthold1 , K atrin Schneider1 , Jinkui W u1 , Benj amin Blank 1 , Lutz Breuer1 , K ellie B .Vaché1 , Christian
Bernho f er 2 , Rainer Horn3 , S tephan Peth3 and H ans‐Georg Frede1

1 University o f Giessen , Heinrich‐Bu f f‐Ring 26 , 35392 Giessen , Germany , E‐mail : Frauke .Barthold＠ agrar .uni‐giessen .
de , 2 D resden University o f Technology , 01062 Dresden , Germany , 3 University o f K iel , Hermann‐Rodew ald‐Str .2 , 24118
K iel , Germany

Key words : hydrological modeling , catchment hydrology , steppe grasslands , overgrazing
Introduction Degradation of grasslands caused by overgrazing can heavily influence hydrological processes and can thus have astrong impact on other ecosystem functions .Within the work of the Research Unit MAGIM �Matter fluxes in grasslands ofInner Mongolia as influenced by stocking rate" the hydrology of the Xilin river catchment in the continental Inner Mongoliansteppe is examined from plot scale to catchment scale with the aim to characterize the crucial hydrological processes in this areaand to point out how overgrazing and grassland degradation alters them .
Materials and methods On the plot scale experiments were carried out to examine soil physical properties and to quantify soilmoisture following a geostatistical sampling scheme .Eddy covariance was used to record water fluxes on the site scale .On theregional scale research focuses on catchment hydrology by nested catchment sampling .At this scale various techniques areapplied .Discharge measurements were carried out in different parts of the Xilin river .Mean residence time ( MRT ) of waters inthe relevant hydrological compartments will be determined by sampling of ２H and １８O isotopes in precipitation , groundwaterand surface waters .End member mixing analysis ( EMMA ) is used to interpret the geographic source of stream water bydetermining the characteristic composition of its solutes .Furthermore groundwater monitoring of wells throughout the wholecatchment and in a measuring field site is used for chemical analysis of the groundwater and for quantifying the role of the
groundwater in catchment hydrology .Experiments and investigations were carried out on specifically set up experimental plots ,representing various grazing intensities , as well as in pristine areas throughout the whole catchment .Process oriented modellingis applied on all scales in order to increase process understanding as well as to develop scenarios of possible water budgetchanges .
　

Results For soil physical properties a strong effect of grazing could be shown due to increased mechanical stress under higher
grazing .In terms of soil moisture a slight trend indicating decreasing soil moisture contents could be detected while the grazingintensity was increasing .The total amounts of soil water content differed only little .Also in the case of evapotranspiration no
pronounced differences between areas of different grazing intensities could be found .We conclude that clear differences exist interms of the processes that are involved in the partitioning of water fluxes , i .e .interception , transpiration , evaporation andinfiltration .On sites of a higher grazing intensity the vegetation density decreases , thus the evaporation gains more importancecompared with transpiration .These field observations could be successfully simulated using field scale deterministic modellingapproaches .Hydrological investigations on the catchment scale revealed that discharge is not only generated by precipitation andsurface runoff but must be the product of various processes in which precipitation stored as snow , snow drif t and the lateralflow on frozen soil layers towards the river might play an important role .First uncalibrated simulations utilizing a catchmentscale model show that especially spring snow melt as well as peak flows in summer are biased compared to observational datafrom the Xilinhot gauging station .Nevertheless , the model captures the overall winter and summer characteristics . The
preliminary results suggest that adjustments in the snow subroutines as well as changes in surface properties are needed .Theresults also underscore the importance of further precipitation observations throughout the catchment to better capture thespatial variation in the meteorological input .
Acknowledgement We are grateful to the Deutsche Forschungsgemeinschaf t ( DFG ) for their generous funding of the researchunit �MAGIM" .
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Mobilisation and Transport of Sediments , Colloids and Phosphorus from Intensively Managed
Grasslands
G .S .Bilotta1 , 2 , R .E .Braz ier 1 , P .M .H aygarth2 , C .J .A .Macleod2 , S .G ranger2 , J .H awkins2 , T .K rueger3 , J .Freer3 ,
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1 Geography Department , University o f Exeter , Exeter , Devon , EX4 4R J , United K ingdom .2 Institute o f G rassland and
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Introduction Soil erosion can cause serious ecological degradation when suspended solids ( SS ) and sorbed contaminants aredelivered into surface waters .As such soil erosion is a process which needs to be controlled if we are to meet water quality
guidelines and good ecological status in surface waters .The effective control of soil erosion and the delivery of SS into surfacewaters requires a holistic understanding of the land‐uses that are susceptible to erosion and the land‐management factors thatinfluence soil erosion and the mobilisation and transport of SS .However , a review of the soil erosion literature in the UKreveals that almost all of this research relates to erosion on arable land or upland areas , with a generally implicit assumptionthat intensively managed low land grassland does not erode and therefore does not present a threat in terms of sediment‐relatedwater quality problems .
Materials and methods This paper presents results from ３ years of environment‐based experiments and monitoring at a range ofscales , from small plots (０ .２ m２ ) , to field‐scale lysimeters (１ ha) , up to a headwater catchment (４８ ha) .The rates of erosionand yields of sediment , colloids and phosphorus ( P ) from intensively managed grasslands are discussed and compared inrelation to that from arable land and international water quality guidelines .Furthermore , the influence of two common , butcurrently poorly understood , land management options are also examined ; (１) subsurface drainage , and (２) stocking density .
Results 　 Results show that １‐ha grassland fields can yield up to １５ kg of SS in response to rainfall events lasting less than ２４hours .These yields of SS are within the ranges of those recorded on arable land , a land‐use considered to be more susceptible toerosion . The concentrations of SS and P in runoff from １‐ha intensively managed grasslands are ecologically significant ;frequently exceeding international water quality guidelines such as those of the European Union摧s Freshwater Fisheries Directiveand the United States Environmental Protection Agency摧s ecoregional nutrient criteria .The presence of subsurface drainageattenuates hydrological response to rainfall events , relieving saturation and reducing the occurrence of saturation‐excessoverland flow , resulting in reduced yields of SS and P by up to ４０ ％ .Evidence from the plot scale experiments suggests thatincreasing stocking density tends to cause an increase in the soil bulk density and a reduction in the vegetation cover , leading toa faster hydrological response and higher concentrations and yields of both SS and P .
Conclusions Evidence presented in this paper suggests that contrary to the popular assumption , intensively managed grasslandsdo erode and do present a significant threat to water quality in terms of sediment‐related water quality issues .Land‐managementwithin intensively managed grasslands has massive potential to influence the mobilisation and transport of sediment , colloidsand phosphorus , and the overall rate of erosion from these environments .
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Assess physical functioning of riparian systems with an eye toward management
Sherman Swanson , U .o f Nev ada , 1000 V alley Rd .Reno , NV 89512 USA . E‐mail : ssw anson＠ cabnr .unr .edu ;
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Introduction Riparian systems , where aquatic ecosystems transition to terrestrial uplands , focus land uses and hydrologic
processes into compact areas . To avoid problems of floods downstream and low flows in dry times , water must be kept on theland longer with riparian proper functioning condition ( PFC ) ( e g . , Prichard et al . , １９９８ ) . PFC occurs when adequatevegetation , landform , and coarse woody debris is present to : dissipate stream ( or wave) energy from high flows ( winds )reducing erosion and improving water quality ; filter sediment , capture bedload , and aid floodplain development ; improvefloodwater retention and ground‐water recharge ; develop root masses that stabilize banks against cutting action ; and developdiverse physical habitats for fish , wildlife , and biodiversity . PFC enables restoration to later seral stages if desired . For eachunique area , it is based on the local potential , the highest ecological status that an area can attain , or the capability , the highestit can attain given political , social , or economic constraints . Grazing is not a constraint because livestock or wildlife can bemanaged to encourage PFC .
Methods PFC assessment uses an interdisciplinary team that understands local watershed hydrology , especially the range andfrequency of flows ; soils and fluvial geomorphology in relation to deposition and saturation ; and biology about habitats neededfor local riparian plants , fish , and wildlife . The team discusses potential and/ or capability for the lotic stream reach or lenticwetland and then uses a １７ (２０ ) ‐attribute checklist about hydrology , vegetation , and erosion/ deposition to assess the physicalfunctionality of the system . They record notes about at least all improper attributes to develop an understanding of PFC issues .Using the definition , they rate it as PFC , functional‐at‐risk ( trend up , down , or not apparent ) , nonfunctional , or unknown .Unacceptable conditions outside the control of management are noted , but emphasis on the seventeen ( ２０ ) attributes oftenpoints directly to possible objectives for management . �Creeks and Communities " is collaboration among all watershed( catchment) landowners , users , managers , and advocates .
Results and discussion Because all disciplines and agencies work together using the PFC process , an interdisciplinaryunderstanding helps people communicate well . The user‐f riendly approach helps connect professionals with lay citizens andfocuses discussion on important at‐risk areas . There , specific attributes can be addressed through management of land andwater uses such as grazing or water storage for irrigation , and on catchment features such as vegetation , roads , trails , andfloodplains . With some training , ranchers and environmentalists can agree about what they see and designate attributes to bemonitored as objectives .
　

Conclusions The value of PFC is an upward spiral that leads to better conditions for downstream flood prevention and base flowsafter aquifer recharge . With water and soil for forage , fish , wildlife , and riparian‐dependent biodiversity , communities becomemore beautiful , sustainable , and productive . Putting the focus on physical functionality helps people work together to make theriparian system produce what they all value . This avoids the sense that riparian area management is for �other" people . Onceriparian areas function properly , they continue to improve . Much resiliency comes from soaking up the water to grow plantsthat slow the water of future floods and hold soils while retaining nutrients . PFC assures the proper relationship among soil ,water , and nutrients thus providing more and better habitats for fish , wildlife , livestock , and people . Proper functioningriparian areas provide a foundation for restoration or other resource objectives .
ReferencesPrichard , D . , J .Anderson , C .Correll , J .Fogg , K .Gebhardt , R .Krapf , S .Leonard , B .Mitchell , and J .Staats .１９９８ .Riparianarea management : a user guide to assessing proper functioning condition and the supporting science for lotic areas .TR １７３７‐

１５ .Bureau of Land Management , BLM /RS /ST‐９８ /００１ ＋ １７３７ .１３６ pp .http :/ / www .blm .gov / nstc/ library / techref .htm
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Modelling native pasture hydrology at the catchment scale
A .F .Southwell 1 , C .R .Beverly 2 , J .M .V irgona1
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Introduction Australian native pastures , like many around the world have undergone botanical transition since the introductionof agriculture . This has resulted in a shif t in the landscape water balance increasing recharge to groundwater systems , risingwater tables and the salinisation of waterways and soils .The enhancement of native perennial grass species is the most likelymethod for improving the water balance in the high rainfall , topographically difficult grazing landscapes of south‐easternAustralia .Studies into the hydrology of native species and their communities have shown that increased water use is possiblethough this varies with species attributes ( Hughes et al . ２００６ ) . To examine the impact of native perennial species within acatchment landscape the １‐dimensional Native Pasture Model ( NPM ) was developed to be incorporated into the ３‐dimensionalcatchment and groundwater model the Catchment Analysis Tool ( CAT ) .
Material and methods The NPM was developed to simulate the grow th and water use of two native species Bothriochloa macra
( C４ ) and A ustrodanthonia spp .( C３ ) .The NPM was validated against treatments for an experiment conducted at Wagga WaggaNSW for green leaf area index ( GLAI) and soil water deficit ( SWD) . The NPM was then incorporated into CAT and applied tothe Bet Bet catchment ( ６４ ,４３２ Ha) , a high priority catchment in central Victoria . Water balance , stream flow and salt outputdata was then predicted over a ４４ year period .
Results Modelled data simulated experimental data well showing a relative root mean square error ( RRMSE) of １２畅８％ GLAI( r２ ＝ ０ .６８) and ２４ .１％ SWD ( r２ ＝ ０ .９１) for A ustrodanthonia spp .and a RRMSE of １５ .８％ GLAI ( r２ ＝ ０ .８２ ) and ２２ .８％SWD ( r２ ＝ ０ .９１ ) for B .macra ( Figures １ and ２ ) . When modelled in CAT , water balance differences between species wereevident with ３ .６ mm more run‐off and １２ .８ mm less recharge to groundwater ( Table １) by B .macra . It also resulted in ３９１MLof additional stream flow and ６３０４t less salt out of the catchment for B .macra .

Figure 1 Measured ( scatter ) and modelled
( lines ) GLA I f or Austrodanthonia sp p .
( grey ) and B .macra (black) .

Figure 2 Measured ( scatter ) and modelled
( lines ) SWD f or Austrodanthonia sp p .
( grey ) and B .macra (black) .

Table 1 W ater balance o f Bothriochloa macra andAustrodanthonia sp p . using the N PM in CA T when
ap p lied to the Bet Bet catchment (A rea ＝ 64 ,432 H a) .

Bothriochloa
macra

A ustrodanthonia
spp .

Rainfall ５５７ 殚.２ ５５７  .２
Runoff １６ 栽.４ １２ 祆.８
Soil evaporation １７５ 殚.１ １４９  .７
T ranspiration ３１５ 殚.４ ３２７  .１
Evapotranspiration ４９０ 殚.５ ４７６  .８
Subsurface flow １２ 栽.１ １６ 祆.２
Recharge ３８ 栽.９ ５１ 祆.７
Stream flow ( ML ) １７９０２ ;１８２９２ S
Salt output ( t ) ２０６７７ ;２６９８１ S

Conclusion Accurate prediction of the impact of botanicalchange on landscape hydrology is important for naturalresource management . The NPM is unique in its ability tosimulate Australian native species at both the plot andcatchment scale . Further parameterisation of native speciesand the adoption of factors associated with botanical changewithin the model will enable modelling of dynamic temperate
grassland landscapes .
References Hughes JD , Packer IJ ,et al . (２００６) Sustainablegrazing systems for the Central Tablelands of New SouthWales . ４ . Soil water dynamics and runoff events fordifferently‐managed pasture types . A ustralian Journal o f
Ex perimental A griculture ４６ , ４８３‐４９４ .
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P and N content of surface and subsurface water flows in limestone soil
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Key words : overland , interflow and drainage water flow nutrient content
Introduction Pathways for P & n transport from soil to water bodies include overland flow , interflow and vertical flow .While adistinction can be drawn between infiltration excess and saturation excess overland flow , in practice they can be difficultseparate .Likewise , interflow , which describe the lateral movement of water that has infiltrated the soil , but has not drained to
groundwater , may emerge down slope and become indistinguishable from inter and overland flow .Ground water may also rise tothe surface in places and merge with overland flow . Water moving by these pathways acquires nutrient by physical detachmentof soil particles and by dissolution of soluble constituents .Field experiments in Ireland investigation the mobilisation of soil andfertilizer nutrients and their transport in water have usually been conducted on sites with imperfectly or poorly drained soils
( Tunney et al . , ２００５) .The overland flow is not significant on the well‐drained soils that are most intensively farmed in Ireland .However , since infiltration is influenced by land‐use that can affect soil hydraulic conductivity though compaction and structurebreakdown , naturally well‐drained soils may be more susceptible to overland flow than their genesis would suggest .In the workdescribes here simple equipment was used to operationally distinguished between overland flow , interflow and vertical flow ,with frequencies of occurrence of these flows recorded and water samples representing them collected and chemically analysedfor dissolved reactive P and Nitrate .
Materials and methods Collectors were installed in five stations located at １m altitudinal intervals ( ７１‐７６m OD) on N‐S transectin the Hill Field ( grass land) at UCD Research Farm .Overland flow was collected from miniplots hydrologically isolates using
４０cm diameter PVC rings , １０cm deep , embedded to a depth of ５cm , with a connection to collected at low point of the ring .Interflow was collected in stoppered , wide mouthed plastic bottles (２０００cm３ ) that had been at placed in holes excavated to theirdepth and diameter .The bottled were preformed around the top １０cm of their circumferences .Drainage water was collected bysuction using Teflon soil water samplers ( station １‐５) installed at varying depths .All water samples were filtered through ０ .４５‐
μm Millipore filter immediately af ter collection and subsequently analysed for dissolved reactive phosphate ( DRP )colorimetrically by ascopbic acid ammonium Molybdate method and nitrate by ion chromatography .
Results and discussion The soil of the Hill Field grads from being a Grey Brown Podzolic at higher elevation to a Gley in itsbottom side corner , with drainage transition from good to imperfect .Between November ２００４ and April ２００６ , overland flowwas recorded and sampled on ２１ occasions , while interflow was recorded on ２６ occasions .Suction samples were collected , atdifferent depths , through the monitoring .The range of values for dissolved reactive P and nitrate in the various water samplesas shown in the Tables Below .

Table 1 Dissolved reactive P ( Μ g .ml‐１ ) . Table 2 Nitrate concentration ( Μ g .ml‐１ ) .
Type of flow Depth ( cm) Range Mean Type of flow Depth ( cm) Range Mean
Overland ０ 栽０ #.１４‐２ .６７ ０  .９６９ Overland ０ 揶１ D.４‐９６ .３ ３２ 帋
Interflow ０‐１０  ０ #.００‐３ .４０ ０  .５０９ Interflow ０‐１０  ０ D.８‐１２１５ ７６ 帋

２５ 腚０ #.００‐０ .１７ ０  .０１５ ２５ 貂０ D.０‐１１２８ ２４３ ゥ
Drainage ６５ 腚０ #.００‐０ .１０ ０  .００２ Drainage ６５ 貂０ D.０‐３３１３ ２３８ ゥ

８５ 腚０ #.００‐０ .０１ ０  .００２ ８５ 貂０ [.０‐７０１ １６７ ゥ
Conclusion Episodes of overland flow and interflow occurred even though the site is located in the lowest rainfall in Ireland andthe most of the field land covered by well‐drained soil .Water samples of different origin showed marked differences in theirdissolved reactive P and nitrate contents , where DRP relatively high in overland and interflow samples , the nitrate was high indrainage samples .
ReferenceTunney .H . , Jordan , P . , Kiely , G . , Moles , R . , Moran , G . , Byrne , P . , Menary , W and Daly , K .( ２００５ ) .Phosphorustransfer to river water from grassland catchments in Ireland .XX International Grassland Congress : Offered paper .WageningAcademic Publishers .pp ;６９０ .
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Integration of IKONOS data in assessing the dynamics of the range ecosystems of the Manzla
watershed (Tangier , Morocco)
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Key words :Brushland ( matorral) , range ecosystems , trend ( dynamics) , high spatial resolution , western Rif
Key points The sustainable and participatory management of sylvo‐pastoral ecosystems of the Rif摧s mountains require a preciseanalysis of the profile of the natural resources and the evolution of human intervention on the level of the commune and village .The Ikonos image processing enabled us to identify new plant associations and communities and thus to define new rangeecological sites resulting from the processes of degradation in a small watershed representative of the Rif mountains ( Tangier ,Morocco) .
Introduction The new orientations and the needs for planning a sustainable development of the Rif摧s mountains require anexhaustive and precise inventory as well as cartography of the range ecological sites .
Population and the problematic of the pastoral area transformation In the Rif region , the matorral ( brushland) represents a stageof degradation and a phase of transition between the clearing from the national forest and its setting in culture to take advantageof a right of ownership . ( Mejjati Alami et al . , ２０００) .
Objectives The study was carried out within the framework of one program of cartography of land use by remote sensing and itsintegration in models of study of the dynamics of degradation of the forests and the Rif摧s brushland , by using the images of thelast generation of satellite sensors ( SPOT HRV , Landsat TM and Ikonos) .
Materials and methods The study area is represented by the Manzla watershed , located at １５ km south of Tangier , in the northwestern part of the Rif摧s mountains ( Morocco) .The area is marked by a strong climatic aggressiveness ( ８００ mm/ an) ( DMN ,
２００４) , eroded soils and strong anthropic pressure .In accordance with the aim of the study , the method of work is founded onthe comparison of the land use maps , more particularly delimitation of the unit of matorral , obtained with supervisedclassification .
Results and discussion

　 Figure 1 SPOT HRV image . 　 Figure 3 Ikonos image .　 Figure 2 L andsat TM image .

The precision allowed by Ikonos ( figure ３) was exploited for better recognizing and delimiting of all the stages of degradation .The setting in culture was clearly determined on the scale of the plot , thus offering a powerful tool for the follow‐up of this
process of degradation with strong land implication .
Conclusion This study constitutes the core of a base of rich and up to date information within the framework of one local GIS
( with a metric resolution) for the development of rainfed agricultural lands of the Manzla watershed ( Tangier) .
ReferencesDMN (Direction de la Météorologie Nationale).２００４ . Produits et services .Rabat , http :/ / www .marocmeteo .ma .Mejjati Alami , M . , Merzouk , A . , Berkat , O .et Kouraimi , B .２０００ .Cartographie et diagnostic du niveau de production des

écosystèmes pastoraux du Rif Occidental à l摧aide de l摧imagerie spectrale . In A .Bannari (réd .)La télédétection optique etradar et la géomatique pour la gestion des problèmes environnementaux .１０‐１４ mai １９９９ ,Université d摧Ottawa , p .１７７‐１８２ .
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Impacts of climate change on regulated and non‐regulated water systems in Australia
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Introduction The highly regulated system of the Queensland Murray Darling Basin ( QMDB) includes the MacIntyre Brook andDumaresq River .Land‐use is irrigated horticulture , dryland and irrigated cropping and grazing .The largely unregulated systemof the Cooper Creek drains into Lake Eyre and land‐use is primarily grazing .Both systems have valuable natural resources andbiodiversity that rely on periodic flooding .This study identified the impact of climate change of water flows in both catchments .
Material and methods From a combination of nine Global Circulation Models ( GCM摧s) and emission scenarios ( SRES and IS９２a)obtained from the OzClim database ( CSIRO , ２００１ ) , the driest , wettest and average scenarios were chosen for bothcatchments .Percentage changes from the base climate ( １９６１‐１９９０ ) were used to condition rainfall and evaporation for ２０３０ .Rainfall‐runoff ( Sacramento ) and streamflow ( IQQM ) models for each catchment were run for the base and climate changescenarios ( dry , wet , average) to obtain flows at the end‐of‐system for the MacIntrye Brook and Dumaresq River , and atCurrareva ( junction of the Thomson and Barcoo Rivers) in the Cooper Creek system .
Results and discussion Based on these scenarios the change in mean annual flow for the MacIntyre Brook ranged from ‐２５％ to ＋

９％ by ２０３０ , compared to the base period ( Table １ ) .For the Dumaresq River the change in mean annual flow ranged from ‐

２５％ to ＋ ６％ by ２０３０ .The dry scenario was associated with a greater risk of lower water allocations and area of crops plantedduring dry periods .
The change in mean annual flow at Currareva ranged from ‐７％ to ＋ ２％ by ２０３０ , compared to the base period ( Table １) .Theaverage and dry scenarios were associated with a reduced frequency of low daily flows ( ＜ １０００ ML /d) .The impact maybeassociated with reduced waterhole persistence and connectivity during periods of drought .
Conclusion The climate change scenarios used here showed that the regulated system had １ ) higher reductions in flows for thedry scenario and ２) a wider range of uncertainity in flow projections compared to the unregulated system .If the dry scenariomost closely resembles climate in ２０３０ the loss of water for irrigators and environmental flows in the absence of useful adaptivestrategies may reduce agricultural productivity and biodiversity .The resilience of plant and animal life that depend on waterholesduring periods of drought may depend on their ability to move to larger and more permanent waterholes .If the wet scenariomost closely resembles climate in ２０３０ slightly higher annual flows may make more water available .The average changes inflows reported here for QMDC correspond closely with the best estimate of climate change in ２０３０ of １０％ reduction in surfacewater availability ( CSIRO ２００７) .
Table 1 Percentage change in mean annual stream f low the f or dry , average and wet climate change scenarios in ２０３０

compared to the base period o f １９６１‐１９９０ .
Catchment Dry scenario Average scenario Wet scenario
MacIntyre Brook ‐QMDB ‐２５  ‐９ !＋ ９ �
Dumaresq River ‐QMDB ‐２５  ‐１０ 8＋ ６ �
Thomson and Barcoo River junction at Currareva ‐７ 镲‐４ !＋ ２ �

ReferencesCSIRO , ２００１ .Climate Change Projections for Australia .Division of Atmospheric Research CSIRO , Aspendale .CSIRO , ２００７ .Water availability in the Border Rivers .A report to the Australian Government from the CSIRO Murray‐DarlingBasin Sustainable Yields Project , CSIRO , Australia .１４４pp .
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River restoration and economic development through grassland management : a case study of the
James River , South Dakota , U .S .A .

Jeremy P .Duehr and Richard G .W iebe , A SLA , PE
Westwood Pro f essional Serv ices , Inc .7699 A nagram Drive , Eden Prairie , MN 55344 .
Corresponding author : lrw iebe1＠ netz ero .com
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Introduction Efforts are currently underway to develop a Watershed Management Plan ( WAM ) for the James River , SouthDakota .The purpose of the WAM is to determine potential actions for flood damage reduction and ecosystem restoration .Agricultural uses predominate in the watershed with the river and its tributaries critically important to the region for drainage ,irrigation , recreation , and wildlife habitats . Current economic pressure for corn production has resulted in a １４ million acreincrease in corn planted in the U .S . This pressure has caused corn production to shif t to marginal lands with high erosion
potential .A newly proposed policy by the U .S .Department of Agriculture would allow harvesting of conservation grasslands forthe production of biofuels . The purpose of this study was to determine if an economically viable compromise could exist thatwould allow row‐crop agriculture to continue on prime agricultural land and grassland to exist on marginal lands .
Materials and methods The study area is the James River Watershed , which encompasses ３６ ,２６０ square kilometers of SouthDakota . To determine the current extent and potential expansion of grassland , marginal land and land use information wereanalyzed . Marginal land was delineated in a Geographic Information System (GIS) using SSURGO soil survey data . Marginalland was over‐laid with ２００６ land use data to determine existing and potential grass resources on marginal land . The potentialdecrease in stormwater runoff , through conversion of cropland to grasslands , was determined using the Soil ConservationService ( SCS) Curve Number (CN) method as described in Chapter ２ of TR‐５５ ( SCS １９８６) . The curve number is taken froma table in TR‐５５ based on the soil type ( Hydrologic soil group) and vegetative cover . TR‐５５ has equations to calculate therunoff depth for a given parcel based on the CN and rainfall depth . Corn and hay prices were calculated by the South DakotaState University Extension Economics ＋ ( SDSUEE) as the average price per bushel or ton during the month of November ,
２００７ .
Results A total of １０ ,６０３ square kilometers ( ２５％ ) of the James River Watershed is marginal land . In ２００６ , ６ ,２４２ squarekilometers (５９％ ) of the marginal land was being utilized as grassland while ２ ,６４２ square kilometers (２５％ ) was cultivated forrow crops . Conversion of the cultivated marginal agricultural land to grassland would result in a １０％ decrease in stormwaterrunoff for each converted square kilometer during a typical １０‐year storm event . A runoff reduction of ４０％ , per convertedsquare kilometer , could be realized for a １‐inch rainfall event . In addition to profits from traditional grassland management ,
potential profit from grass‐to‐energy production may provide additional economic incentive to convert marginal land to grasslanduses . For example , four million tons of grass could be produced on marginal land in the James River Watershed per year . Earlyestimates for cellulosic ethanol production from native grasses project ８０‐１００ gallons of ethanol can be produced from one ton ofgrass . Thus , approximately ４００ million gallons of ethanol could be produced per year from the ８ ,０００ square kilometers ofmarginal lands . In addition , the ２００６ NET rate of return for nonirrigated cropland and grassland in South Dakota wascomparable at ４ .２ and ４ .０ percent , respectively ( SDSUEE ２００７ ) . Therefore , grassland production of energy crops wouldbecome economically viable with a modification of government programs that would allow harvesting of grasses for energy cropsand provide a modest subsidy .
Conclusions The conversion of ８ ,０００ square kilometers to managed grasslands could provide significant attenuation of floodflows and provide additional economic benefits for producers while providing benefits to water quality , wildlife , and carbonsequestration . These grasslands could provide an important , cost‐effective , energy crop alternative that provides greaterecosystem benefits than corn . Changing typical row‐crop land practices to those of perpetual grasslands provides a long term ,sustainable solution to both reduce flood damages and enhance the environmental and economic opportunities of this importantregion .
ReferencesSDSUEE ( South Dakota State University Extension Economics) . ２００７ . http :/ / econ .sdstate .eduSCS ( U .S .Soil Conservation Service) . １９８６ . Technical Release ５５ : Urban Hydrology for Small Watersheds . USDA ( U .S .Department of Agriculture) .
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Gradient analysis of saline groundwater dynamics along spatial transects in the Chaco
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Introduction The transitional zone between the dry and the semi‐humid Chaco is characterized by a high table of saline
groundwater .Dryland salinity is commonly observed at the edges of seasonally inundated grasslands in landscape depressionswithout external runoff ( so called water camps) surrounded by native drought deciduous thorn bush .So far , little informationhad been available on groundwater characteristics ( depth and conductivity ) as related to soil salinity .
Materials and methods At Campo Maria (２２°５′ S lat . ５９°３′W long .) , depth of water table and groundwater conductivity weremeasured every two weeks for ２ １ / ２ years , beginning in July ２００２ , using perforated observation tubes installed along twospatial gradients ( Glatzle et al . ２００１ ) : One from the centre of a water camp across the saline belt at its edge to an adjacentpasture established on previously cleared bushland , the other one from the sown pasture right into the bush .Every Septemberand February soil cores were extracted to ８０ cm depth to measure soil humidity and conductivity .
Results and conclusions Depth of water table varied strongly following precipitations at all sites .Infiltrating rain water dilutedtemporarily the saline groundwater under pasture and produced the necessary hydrostatic pressure to raise the watertable underadjacent bushland , while conductivity under bush remained at a constant high level ( Figure １ ) .Obviously rain water neverinfiltrated to the groundwater table under bush .This and low mean soil humidity ( Table １) suggest high transpiration rates andconsiderable rain water interception by bush (Wiebe ２００３) .Sweet runoff water accumulated in the water camp , whereas underthe saline belt mean depth of the watertable ( １１５ cm ) with medium conductivity was ideal for capillary ascension of saline
groundwater , indicated by high average soil humidity ( Table １) .Obviously native chacoan bush fulfils a crucial role in keepingthe saline groundwater table at a safe distance from the soil surface .
Figure 1 volution o f electrical
conductiv ity ( above le f t : mS /cm) and
dep th ( below le f t : meters ) o f
groundw ater during a ２

１ / ２ years
measuring period ( f rom July ２００２ on)
at rep resentative sites : W ater camp ,
saline belt at the edge o f the water
camp , pasture , transition pasture‐
bush , and bush . The bars rep resent
rain f all events ( both graphs at the
right : mm) .

Table 1 Mean values o f p arameters measured over ２ １ / ２ years .

Site Soil surfacea .s .l .( m) Water‐tablea .s .l .( m) Depth ofwater‐table ( cm) Groundw .conduct .
( mS /cm)

Soil humid .
( ％ )

Water camp １０９ �.６ １０９ k.０２ ５８ �５ .６ １５ 殮.０
Saline belt １１０ �.０ １０８ k.８５ １１５ (３１ ..５ １１ 殮.７
Pasture １１１ �.１ １０８ k.７７ ２２９ (４０ ..１ ９ l.５
T ransition Past .‐Bush １１１ �.１ １０８ k.７３ ２３３ (４５ ..９ ８ l.５
Bush １１１ �.１ １０８ k.７０ ２３６ (５３ ..８ ８ l.５
Mean １１０ �.６ １０８ k.８０ １７４ (３５ ..４ １０ 殮.６



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]829　　 瞯

Grasslands/Rangelands Resources and Ecology ———Water Resources in Grasslands/Rangelands

Impacts of grazing management on cattle distribution and non‐point source pollution from
pastures in the central United States
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Introduction There are concerns that cattle tend to congregate in riparian areas which are highly susceptible to environmentaldamage , resulting in impaired water quality from stream bank erosion and manure deposition (CAST , ２００２) . Few studies haveevaluated the effects of grazing management on water quality in the humid Midwestern region of the USA . Climate ,topography , forage species , and management practices may influence animal behavior , as it relates to use of riparian areas andthe subsequent impacts of grazing on stream bank erosion and water quality . The objective of the current study was to evaluatethe effects of grazing management , the availability of off‐stream water sources , and micro‐climate on the temporal/ spatialdistribution of cattle in pastures with streams .
Materials and methods Six １２ .１‐ha cool‐season grass pastures , each bisected by a １９６ meter stream segment , were grouped into
２ blocks and assigned one of three grazing management treatments . T reatments included : continuous stocking with unrestrictedstream access , continuous stocking with stream access restricted to a ４ .９‐meter wide crushed rock crossing , and ５‐paddockrotational stocking with one paddock in the riparian zone . Each pasture was stocked with １５ fall‐calving Angus cows from mid‐May through mid‐October in ２００５ , ２００６ , and ２００７ .
Cattle distribution patterns were monitored by visual observation and with GPS collars ( AgT raXtm‐BlueSky Telemetry ,Aberfeldy , Scotland) . During visual observations , cattle distribution patterns and activity were monitored from ０６００ to １８００hours on two consecutive days from May through September of ２００５ through ２００７ . One cow per pasture was fitted with a GPScollar for ２ weeks per month from May through September in ２００６ and ２００７ . Collars recorded cattle position every １０ minutes
２４ hours per day . The effects of off‐stream water on cattle distribution was evaluated by providing access to off‐stream water tocows during the second week in which cows were fitter with GPS collars in May , July , and September . Off‐stream waters werelocated a minimum distance of ２２０ meters from the stream on both sides of the stream . Cattle location was defined as withinstream , ０ to ３４ meters from the stream , ３４ to ６８ meters from the stream , and greater than ６８ meters from the stream .
Results and discussion Based on both visual observation and GPS collar data , cattle managed by continuous stocking withunrestricted stream access spent a greater ( P ＜ ０ .０５) proportion of time in and within ３４ meters of the stream than did cattlemanaged by continuous stocking with restricted stream access or rotational stocking . Cattle in unrestricted stream access
pastures spent an average of ６ .１％ of the time within the stream and an additional １５ .７％ of the time within ３４ meters of thestream over the ３ grazing seasons , based on visual observation data . Cattle managed by rotational stocking spent ０ .３ and ３ .５％of the time in and within ３４ meters of the stream , respectively , while cattle managed by continuous stocking with restrictedstream access spent １ .２ and ０ .８％ of the time in or within ３４ meters of the stream , respectively , based on visual observation .The proportions of time cattle spent in or within ３４ meters of the stream estimated by GPS collars were １ .２ and １０ .６％ in
pastures managed by unrestricted stream access . The difference between visual observation and GPS collar data is likely causedby the visual observations being conducted during daylight hours only , while GPS collar data is collected ２４ hours per day .With warmer temperatures during daylight hours , cattle are more likely to congregate near the stream in an attempt to regulatebody temperature .
In ２００６ , the presence of an off‐stream water source decreased ( P ＜ ０ .０５) the proportion of time cattle spent within the streamby approximately half when cattle had unrestricted stream access . A similar effect was not observed in ２００７ , possibly becauseof differences in the presence of natural off‐stream water sources associated with precipitation between the two years .
At higher ambient temperatures , cattle distribution patterns within pastures were altered as cattle attempted to regulate bodytemperatures . At ambient temperatures above ２７ ℃ , the proportion of time cattle spent within ３４ meters of the streamincreased ( R２

＝ ０ .８５ ) when cattle were managed by continuous stocking with unrestricted stream access .
Conclusions The amount of time cattle spend in or near pasture streams may be reduced with improved grazing management thatalter cattle behavior ; this alteration in cattle distribution may result in positive water quality impacts .
ReferenceCouncil for Agricultural Science and Technology ( CAST ) . ２００２ . Environmental impacts of livestock on U .S .grazing lands .Issue Paper ２２ .Ames , IA .
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Can grazing species be used to manipulate the amount of nitrogen leaching to groundwater ?
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Introduction Regulatory limits on nitrogen ( N ) leaching from farmed land in the Lake Taupo catchment in New Zealand makethe identification of effective N leaching mitigation strategies for land owners imperative .More N has been shown to leach fromcattle than from sheep urine patches due to the greater volume of urine as well as the greater rate of N deposited in cattle urinepatches (Williams and Haynes , １９９４) .A field‐scale study was undertaken to examine the potential for using different grazingspecies to reduce the amount of N leaching from grazed land .
Materials and methods The trial site was located on a highly porous pumice soil in the Lake Taupo catchment in New Zealand .In October ２００３ a ４‐year old ryegrass/ cocksfoot / white clover pasture was divided into ９ (０ .５ ha) paddocks , and young ( ５‐１８month old ) sheep , cattle and deer treatments were assigned to the paddocks in a randomised complete block design .Thepaddocks were rotationally grazed by their assigned species when a target herbage mass was reached ( ２５００ kg DM / ha) , andanimals were removed when a target residual herbage mass was attained ( １０００ kg DM / ha) .The aim was to achieve identical
grazing pressure by all three species on a stock unit ( SU ) equivalence ( based on annual feed intake) .
Pre and post‐grazing herbage mass was estimated by a rising plate meter calibrated each season for each animal species to obtainan estimate of dry matter intake (DMI) . Herbage on offer was analysed for N concentration by NIR to allow estimation of Nintake ( NI) .Animal grazing days were recorded at each grazing event and expressed as stock unit grazing days ( SUGD) .FromMay ２００４ until February ２００７ , ４０ ceramic cup samplers per paddock , placed ６０ cm below the soil surface in a stratified randompattern , were used to sample soil solution for nitrate‐N ( NO３‐N) and ammonium‐N ( NH４‐N) concentration .The soil solutionwas sampled after each interval of approximately ６０ mm of drainage as determined by a water balance model .
Results and discussion Mean rainfall for the ３ years of leaching measurements was １５８４ mm/yr with the calculated drainagebelow ６０cm averaging ９５１ mm/ yr .Whilst the amount of NO３‐N and NH４‐N leaching below ６０ cm differed significantly betweenyears ( p ＜ ０ .００１ ) , there was no significant difference in the amounts of either N form that was leached between the threespecies of grazing animal overall , or in any of the three years .
Table 1 Three‐year mean annual dry matter and N intake , SUGD , and mineral N leached (２００４‐２００７ ) .

Treatment
DM Intake

( kg DM / ha .yr)
N Intake

( kg N/ ha .yr)
SUGD
( days/ yr)

NO３‐N leached
( log .kgNO３‐N/ ha .yr)

NH４‐Nleached
( kg NH４‐N/ ha .yr)

Mineral Nleached
( kg) per kgN intake ( ％ )

Mineral Nleached perSUGD
( gmN/SUGD)

Cattle ７２１８ =２６７ s７３０７ a ８ !.１７ (３６ .６ ) １ ２  .９ １２ B.３ a ５ 噰.５ a
Deer ７６２０ =２８４ s８６０２ b ７ 1.５９ (２５ .１ ) ２  .９ ７ -.５ b ３ 剟.４ b
Sheep ８６２８ =３２０ s１０５８８ c ７ 1.７９ (２５ .９ ) ２  .８ ７ -.５ b ２ 剟.９ b
probability ns ns ＜ ０ s.００１ ns ns ＜ ０ ^.０５ ＜ ０ 档.０１
LSD０ V.０５ ６９９ 换０ ┅.８９ ３ L.０ １ ＃.５

1 Values in brackets are arithmetic means ( kg NO３‐N/ ha .yr) .
Although there was no significant difference in the amount of mineral N leached between the three species , nor in the amount ofDMI or NI apparently consumed , the number of stock units required to harvest the herbage on offer was significantly greaterfor sheep and deer than for cattle .Despite attempting to achieve identical grazing pressure on a SU equivalent basis , it becameincreasingly difficult to maintain sufficient control of pasture grow th in doing so .More SU equivalents of sheep and deer thancattle were required to harvest the available herbage , especially in the late spring and summer period .This resulted in moreSUGD摧s needed per ha to maintain adequate control for sheep and deer pastures than for cattle pastures . The amount of mineralN leached was less per sheep and deer SUGD than per cattle SUGD ( Table １ ) .However , the number of SUGD摧s required toharvest that herbage meant that the amount of total mineral N leached per SUGD and per kg N intake was significantly differentbetween the three species .
This study gives valuable information on N leaching in this catchment and provides new data to assist in calculating the potentialto mitigate N leaching losses using different grazing species .However , the extent of the potential reduction in N leachingthrough the use of different grazing species must be based on a whole‐farm system analysis .
ReferenceWilliams , P .H .& R .J .Haynes (１９９４) .Comparison of initial wetting pattern , nutrient concentrations in soil solution and thefate of １５N‐labelled urine in sheep and cattle urine patch areas of pasture soil .Plant and Soil , １６２ , ４９‐５９ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]831　　 瞯

Grasslands/Rangelands Resources and Ecology ———Water Resources in Grasslands/Rangelands

Digitaria eriantha under water deficiency
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Key words :water use efficiency , forage quality , in v itro dry matter digestibility , neutral detergent fiber , nitrogen .
Research on dryland pastures in the semiarid regions of Argentina has concentrated mainly on aspects such as potential
production related to quantity and quality as well as fertilization requirements .But since soil water is the most limitingenvironmental factor that affects plant production in these areas , the water use efficiency and the quality of the pasture underwater limited conditions should be considered .Even if water stress is the most important physical limitation to plant yield thereare contradictory results about its effect on nutritive value .
Digitaria eriantha is a highly palatable perennial C４ grass which can be grown in most of the semiarid areas of Argentina .Ithas the potential to become one of the most widely pasture grass in those areas .The climate during its growing season ischaracterized by considerable fluctuations of rainfall .Water stress effects on D .eriantha quality has not been studied .The purpose of this study was to determine the effect of moisture regimes on yield , water use efficiency and quality of D .
eriantha .This study was conducted at the greenhouse and the experimental field of the Universidad Nacional del Sur at Bahía Blanca (３８°
４４′S ６２°１５′W) .The soil was a typical ustipsament with a petrocalcic layer and a loamy‐sand texture .D .eriantha cv .Irene wasused .There were three treatments at the field : １ ) no irrigation , ２) irrigated every ７ days , and ３) irrigated every １４ days .A randomized complete block design was used .Plots were ５ .０ × ２ .８ m and there were ６ replicaes for each treatment .There were also ３ treatments in the greenhouse : a) １００％ , ２ ) ７５％ and ３) ５０％ field capacity .Forage was dried at ６５°C , weighed and ground for chemical analysis .Nitrogen was determined by the semimicro‐Kjeldahlmethod (Bremmer , １９９６ ) and then multiplied by ６ .２５ to obtain crude protein ( CP) , phosphorus concentration was obtained byMurphy and Riley (１９６２ ) .
In v itro dry matter digestibility was determined by Terry and Tilley (１９６４) , neutral and acid detergent fiber and lignin by VanSoest et al (１９９１) .
There was a good correlation between yield and the availability of soil water .The production of D .eriantha with ７５ and ５０％ offield capacity was reduced ８１ and ５６％ compared to treatment of １００％ of field capacity .The water use efficiency was ６ .３８ kgha‐１ mm‐１ .Water stress had a smaller effect on forage quality than on grow th .Drought reduced the seasonal decline in digstibility
( IVDMD) by reducing the rate of increase in acid detergent fiber and lignin compared to non‐stressed plantas .This can be dueto a delay in plant grow th .Water deficit decreased the rate of seasonal decline in nitrogen content , may be by a decrease in leaf senescense , but there wasa reduction of phospohours concentration .The response of plants to water stress depends on the time of the stress .Most of the effects on forage quality were positive ,may be due to a delay in maturity caused by water stress .At later times the stress accelerate the maturation .
ReferencesBremmer , J .M .１９９６ .Nitrogen total .In : Methods of soil analysis .Part ３ .Chemical methods . Soil Science Society o f America ,

Madison ,Wi , USA .Murphy , J .and J .P .Riley .１９６２ . A modified single solution method for the determination of phosphate in natural waters .Analytical Chimica Acta ２７ : ３１‐３６ .Tilley , J .M .A .and R .A .Terry .１９６３ .A two‐stage technique for the in v itro digestion of forage crops . J .British G rassland
Society １８ : １０４‐１１１ .Van Soest , P . , J . Robertson and B . Lewis . １９９１ . Methods for dietary fiber , neutral detergent fiber and non starch
polysaccharides in relation to animal nutrition . J .Dairy Science ７４ : ３５８３‐３５９７ .
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Influence of recycled water irrigation on Triticale nutrient absorption
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Introduction As our population increases , so does the strain on our nation摧s potable water supply .In the arid and semi‐arid zonesof North China , the quantity of water resource per person is less than ７００ cubic meters per year .Reuse of treated municipalwastewater for irrigation reduces the use of potable groundwater for agricultural irrigation .T riticale is the dominant forage typein China and the shortage of water resources is the limiting element influencing its production .Since recycled water is a valuablesubstitute water resource for forage irrigation , the influence of recycled water irrigation on the grow th and nutrient absorptionof T riticale was studied in potted plants .
Table 1 Water quality o f recycled water f or the ex periment .

Water N ( mg / kg ) P ( mg / kg ) K( mg / kg ) Ca ( mg / kg ) Mg( mg / kg) pH
RW １５ G.０７ ０ 靠.７３５０ １４ 亮.４０ ７８ 洓.７０ ３０ 拻.１０ ７ ".４６０
NW ３  .０８０ ０ è.０２７００ ４ 摀.９６０ ５２ 洓.４０ １８ 拻.２０ ７ ".７８０

Methods Recycled water ( RW) was derived from Zhuozhou sewage disposal plant , while nutrient water ( NW) was tap watersupplied N , P , K , Ca , Mg such that the content of NW was the same as RW ( Table １) .Two water types ( RW and NW) wereused to irrigate T riticale , with １５ replicates .
Table 2 E f f ects o f recycled water ir rigation on root activ ity o f T riticale ( T TCmg 爛 g‐１ root drymatter h‐１ ) .
Date May .４ 鼢May .１４ {May .２４ 珑Jun .４  Jun .１４  
NW ０ F.９３ ０ 膊.５２ ０  .７４ ０ n.３９ ０ ^.６８
RW １ F.１１ ０ 膊.５９ ０  .８４ ０ n.４４ ０ ^.７０

　 Figure 1 E f f ects o f recycled water irrigation on
biomass o f T riticale .

Results and discussions The results showed that the type of appliedwater had a significant effect on T riticale biomass , with thehighest biomass found with RW ( Figure １ ) . RW significantlyincreased the root activity of T riticale in comparison to NW( Table ２) .No effect of water type on the N , P , K , Ca and Mgabsorption of T riticale shoot was evidenced ( Table ３) .Meng ( １９９９ ) and Qi et al .( ２００３ ) indicated that sewage couldincrease the yield of crop by studying the effect of sewageirrigation on wheat , summer millet and summer corn .This studyconfirmed that recycled water irrigation could increase the yield ofT riticale significantly , and indicated that the influence ofirrigation water type on the N , P , K , Ca , Mg content of T riticalewere not significant .
Ackownledgements This research was supportedby China �８６３" Program ( ２００６AA１００２０５‐０１ )and Beijing Science Committee(D０７０６００７０４０２９１‐０８) .
ReferencesMeng Chun‐xiang , Guo Jian‐hua and Han Bao‐wen .１９９９ .Effect of sewage irrigation on crop
yield and soil quality .J .Hebei Agri .Sci .３ :
１５‐１７ .Qi , Z . , S . Feng , and G . Huang . ２００３ .Experimental study on effects of irrigationwater quality on plant grow th of summercorn .J .Irrigation and drainage .２２ : ３６‐３８ .

Table 3 E f f ect o f the di f f erent irrigation water quality on N , P , K ,
Ca and Mg absorp tion o f T riticale shoot (mg /kg) .
Date Water N P K Ca Mg
May .１４ NW １ K.１３７a ０ 滗.２０６a ２ }.６６９a ０  .６７６a ０ 抖.１５２a

RW １ K.０８０a ０ 滗.１８９a ２ }.６８７a ０  .６９６a ０ 抖.１５７a
May .２４ NW １ K.１８３a ０ 滗.１８５a ２ }.６４９a ０  .８７５a ０ 抖.１８２a

RW １ K.１２８a ０ 滗.１９４a ２ }.７０１a ０  .９２９a ０ 抖.１８４a
Jun .４ NW １ K.５５７a ０ 滗.２３６a ２ }.５８６a １  .０１７a ０ 抖.１９１a

RW １ K.４３８a ０ 滗.２４２a ２ }.６０２a ０  .９２６a ０ 抖.１９１a
Jun .１４ NW １ K.４３９a ０ 滗.２１９a ２ y.６４８b １  .１８０a ０ 抖.２２０a

RW １ K.４８６a ０ 滗.２２５a ２ }.８８６a １  .２０３a ０ 抖.２２８a
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Studies on characteristics of soil moisture of Stipa bungeana typical steppe under different land
disturbances in hilly area of Loess Plateau
MA Hong‐bin and X IE Y ing‐z hong
Pratacultural Science Institute o f A gricultural College , N ingx ia University , Y inchuan , N ingx ia 750021 , China , A uthor
f or cor respondence , E‐mail : ma ＿ hb＠ nxu .edu .cn

Key words :Soil Moisture Changes , Moisture Balance , Land Disturbances , Typic Steppe , Hilly Area of Loess Plateau
Introduction Soil Moisture is influenced by rainfall and also by land use ( Gerd et al . ,２００３ ; Basica et al . ,２００１ ) .We examinedhow ungrazed rangeland and areas manipulated by parallel ditches and fish‐scale pits compare with respect to restoration effectsin areas of Stip a bungeana typical steppe in an arid hilly area of Loess Plateau in Ningxia .These treatments enhanced utilizationof water resource , however , there is potential danger that previous water resource distribution and water utilization balancecould be disrupted .Therefore , it was helpful for ecosystem management to study characteristics of soil moisture with respect tothese treatments .
Materials and methods The area of investigation is located in Renwan village of Pengyang county in Ningxia ( ３５°５０′N , １０６°３９′E) .The regional climate is continental , with average annual rainfall of ４４０mm and evaporation capacity of １３６０ .６mm .(１) Samplingsites .Three treatments including ungrazed grassland ( BU ) , parallel ditches ( PD ) and fish‐scale pits ( FP ) in three slopingpositions were selected as sampling sites .Three sloping positions involved upgrades ( UG , altitude was １５６５m) , mesoslopes( MS , altitude was １５３６m) and downgrades (DG , altitude was １５１６m) .These three measures have been carried out for ５ yearsand the vegetation in sampling sites presented no differences . The predominant plant species was S .bungeana . ( ２ ) Moisturemeasurements .Soil moisture in the depth of ０‐２００cm was measured once every ten‐days between March and December in ２００６ by dryingmethod .Meanwhile , we designed runoff experimental plot and surveyed runoff collected by parallel ditches after raining .
Results The soil moisture content was most in parallel ditches ( Figure １ ) , was more in fish‐scale pits , was least in ungrazedgrasslands with the change of time ( p ＜ ０ .０１ ) .The difference of soil moisture content among them was more evident in rainydays .The order of soil moisture content in ungrazed grasslands from highest to lowest was downgrades , mesoslopes andupgrades ( p ＜ ０ .０１ ) .The order of soil moisture content in fish‐scale pits and parallel ditches from highest to lowest wholly wasmesoslopes , downgrades and upgrades ( p ＜ ０ .０５) , but it had no difference between upgrades and downgrades ( p ＞ ０ .０５) .Soilmoisture content variation in depth of ０‐４０cm was biggest in ungrazed grasslands , bigger in fish‐scale pits , and smallest inparallel ditches , but variation in depth of ４０‐２００cm was biggest in fish‐scale pits ( Tab .１) .Except rainy season , soil moisture indepth of ０‐１３０cm in parallel ditches and ungrazed grasslands were in negative balance in most of the year ( Tab .２ ) .Soil moisturein parallel ditches was easier to become negative balance than that in ungrazed grasslands when rainfalls and runoffs were less .Surplus of soil moisture in parallel ditches was higher than that in ungrazed grasslands only when parallel ditches interceptedmore runoffs .

Figure 1 Seasonal changes o f soil moisture content under
three measures .

Table 1 Statistic eigenvalue about soil moisture contents o f di f f erent
depth soil under three measures .

Items Depth( cm) FP PD BU

Standarddeviation
０‐４０ 挝２  .８４ ２ ┅.８０ ２ B.８７
４０‐１００ �１  .５６ １ ┅.４７ １ B.３３
１００‐２００  ０  .７５ ０ ┅.７６ ０ B.５３

Coefficientof variation( ％ )
０‐４０ 挝２８ '.１７ ２６ 览.５３ ２９ Y.１８
４０‐１００ �１８ '.４９ １６ 览.８５ １７ Y.１８
１００‐２００  ９  .５９ ９ ┅.１３ ７ B.１８

Conclusions Based on seasonalchanges and balance of soilmoisture under threemeasures , we conclude thatPD and FP could improve soilmoisture content in arid hillyarea of Loess Plateau ,especially in rainy days .However , soil moisture in PDis easier to become negativebalance than that in BU whenrainfalls and runoffs are less .

Table 2 Balance o f soil moisture under Bu or PD measures(０‐１３０cm) .
Date Measures Changes of soilmoisture ( mm ) Rainfall

( mm )
Runoff or runoff beingintercepted ( mm ) Moistureloss ( mm ) Waterbalance

Marchto Jun .
BU ‐３３ Y.４９ ８０ =.８１ ０ 热１１４ 8.３０ ‐３３ 镲.２４
PD ‐４６ Y.６８ ８８ =.６０ ０ 热１３５ 8.２８ ‐４６ 镲.８６

Jul .to
Sep .

BU ３０ L.０１ １９９ P.８４ １３ ⅱ.４６ １５６ 8.３７ ２９ 忖.７８
PD ５０ L.６９ ２１９ P.１０ ５３ ⅱ.８３ ２２２ 8.２４ ５２ 忖.１３

Oct toDec .
BU ‐２７ Y.７２ ２６ =.６４ ０ 热５４ %.３６ ‐２７ 镲.７１
PD ‐３６ Y.５４ ３１ =.４０ ０ 热６７ %.９４ ‐３６ 镲.４９

March toDec .
BU ‐３１ Y.２０ ３０７ P.２９ １３ ⅱ.４６ ３２５ 8.０３ ‐３２ 镲.２１
PD ‐３２ Y.５３ ３３９ P.１０ ５３ ⅱ.８３ ４２５ 8.４６ ‐３１ 镲.５２
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Maximising water yield with indigenous tall grassland/ rangeland on New Zealand uplands and
trade‐offs with alternative land uses
A lan F Mark and K atharine JM Dickinson , Botany Dep artment , University o f Otago , P O Box 56 , Dunedin , New
Zealand . amark＠ otago .ac .nz

Key words :Water yield , Indigenous grassland/ rangeland , Land use , New Zealand
Introduction Water is an essential ecosystem service that is under increasing pressure worldwide . Successful resourcemanagement requires accurate information on water yields from important source areas in relation to alternative land uses andvegetation types .Upper watersheds/ catchments usually have the greatest potential for water production in New Zealand ,regardless of where water is being extracted .
Methods Non‐weighing lysimeters , containing indigenous tall tussock grassland or several types of alternative cover in a seriesof studies in SE New Zealand uplands (５００‐２０００ m) have been supplemented with a range of other methods .These include two
paired catchment studies , a weighing lysimeter and a stable isotope study ( Mark and Dickinson ２００８) .
Results and discussionWater yields from indigenous tall tussock grassland/ rangeland have been consistently higher at upland ( ＞
５００ m) sites than from any of several alternate cover types tested , even bare soil .Such yields are mostly ６０‐６５％ of the １３００‐
１４００ mm of annual precipitation , regardless of the methodology , but reached ８０％ in lysimeters on a highly fog‐prone upland at
８７０ m .There is general agreement that the high yields from the indigenous tall bunch grassland/ rangeland are associated withlow evapo‐transpiration from the dominant grass cover but the role of fog remains contentious .However , the stable isotope (δ１８O and δD) analyses of fog‐ , rain‐and ground‐water from three upland sites have indicated a subequal contribution from fog andrain .One long‐term paired‐catchment study has shown a steady reduction ( up to ４１％ after ２２ years ) in water yield from anafforested ( exotic Pinus radiata) catchment compared to that from an adjacent one of indigenous grassland .The second suchstudy compared water yield following burning of the grassland/ rangeland and revealed some reduction during the first threepost‐burn summers ; up to ３２％ in the second year , consistent with results from an earlier lysimeter study .
Conclusions The tall tussock grass life form and its leaf morphology / anatomy / physiology ( fog deposition plus low transpiration)appears to be the differentiating factors .Maintaining dominance of such tussock grass cover is highly desirable for water
production purposes , especially in upland supply catchments . T rade‐offs between forestry for wood production/ carbonsequestration versus water production should be carefully evaluated with fully integrated land use planning , particularly in suchimportant catchments ( Mark & Dickinson ２００８) .
ReferenceMark , A .F . , Dickinson , K . J .M .２００８ .Maximizing water yield with indigenous non‐forest vegetation : a New Zealand
perspective .Frontiers in Ecology and the Env ironment ６(１ ) : in press .
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Growth and water use of perennial ryegrass and tall fescue under different irrigation treatments
R .J .Martin1 , T .L .K night2 , R .N .Gillesp ie1 , M .U .Riddle 1 and T .J .Fraser2
1 Crop & Food Research L imited , Priv ate Bag 4704 , Christchurch , New Zealand
2 A gResearch L incoln , Priv ate Bag 4749 , Christchurch , New Zealand . E‐mail : martind＠ crop .cri .nz

Key words : Lolium perenne , Festuca arundinacea , water use efficiency , drought , yield
Introduction New Zealand pastures are predominantly perennial ryegrass ( Lolium perenne L .) , which is susceptible todrought . Tall fescue ( Festuca arundinacea Shreb .) has been shown to be more drought tolerant ( Garwood et al . , １９７９) . Toquantify drought stress effects and determine irrigation requirements of these two grasses , we carried out an experiment in arainshelter where rainfall was excluded from trial plots otherwise exposed to normal weather ( Martin et al . , １９９０) .
Materials and methods ＇Grasslands Samson＇perennial ryegrass and ＇Grasslands Advance＇tall fescue were sown in the rainshelteron １１ November ２００４ in a randomised block design , with ２ replicates and ６ irrigation treatments : ( １ ) full irrigation weekly ,adding the weekly Penman potential evapotranspiration each time ; irrigated (２) ２ weeks in every ３ , (３) every ２ weeks , and (４ )every ４ weeks with the same amount of water as (１ ) that week ; (５) no irrigation from １ August to ８ January to harvest than as
(１) ; and (６) irrigation as (１ ) to ４ December then no irrigation to １２ March than as ( ４ ) . Each ５ m × ３ m plot had its owntrickle irrigation supply , and each treatment was mown down to ５ cm every time the pasture mass reached ２ ,５００ kg / ha . Datareported here were collected from １ August ２００６ to ３１ July ２００７ .
Results Tall fescue produced １６％ more dry matter , but only used ６ ％ more water than perennial ryegrass ( Table １ ) .T reatments (１) and ( ２ ) had highest yields , but also highest water use . T reatments ( ２ )‐( ５ ) had the highest water useefficiency . Yields decreased at around １２ kg /mm of maximum potential soil moisture deficit ( MPSMD) ( French & Legg １９７１)experienced by the pasture through the year ( Figure １ ) , but tall fescue produced higher yields for a given MPSMD thanperennial ryegrass .

　 Figure 1 Total pasture dry matter y ield v .
M PSMD .
F Fescue , R ryegrass . Numbers are ir rigation
treatments .

Table 1 Fescue and Ryegrass dry matter p roduction ( t / ha) , w ater use
(mm) and kg DM /mm water used .
Species DM ( t / ha) WU (mm) DM /mm WU
Ryegrass １２ #.９ ７２７ 腚１８ 鲻.５
Fescue １５ #.０ ７６９ 腚１９ 鲻.９
LSD(５％ ) ０ 貂.８９ ２５ Ζ.２ １ 热.８３

Tmt １ 9１７ #.４ １１４２  １５ 鲻.３
２ 照１５ #.９ ８２４ 腚１９ 鲻.３
３ 照１５ #.４ ７０６ 腚２１ 鲻.８
４ 照１０ #.３ ５２４ 腚２０ 鲻.０
５ 照１２ #.８ ５６５ 腚２２ 鲻.７
６ 照１１ #.８ ７２７ 腚１６ 鲻.３

LSD(５％ ) １ 貂.５４ ４３ Ζ.７ ３ 热.１７

Conclusions Tall fescue produced more dry matter , and more dry matter /mm of water used , than perennial ryegrass . Waterstress at any time reduced both ryegrass and fescue pasture yields by about １２ kg ./mm MPSMD , but autumn stress appearedto reduce production more than spring stress . Reducing the highest water use by nearly ４０％ only reduced yield by １１％ .
ReferencesFrench , B .K . , Legg , B .J .１９７９ . Rothamsted Irrigation . Journal o f A gricultural Science ９２ , １５‐３７ .Garwood , E .A . ; Tyson , K .C . ; Sinclair , J .１９７９ . Use of water by six grass species .１ .Dry‐matter yields and response toirrigation .Journal o f A gricultural Science ９３ , １３‐２４ .Martin , R .J . , Jamieson , P .D . , Wilson , D .R , Francis , G .S .１９９０ . The use of a rainshelter to determine yield responses ofRusset Burbank potatoes to soil water deficit . Proceedings A gronomy Society o f New Zealand ２０ , ９９‐１０１ .
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Study of meadow brome planting on soil and water conservation
Meng Zhong j u1 , Sun T ie j un2 , Gao Yong1 , W u Junying2
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Keywords :meadow brome , slope , soil erosion modulus , surface runoff , soil and water conservation
Introduction China has one of the most serious soil erosion problems in the world .At present , vegetation is the most effectivefactor preventing soil erosion ( Cerda １９９９ ) .Grass coverage on slopes is key ( Wang Pingqing ,２００５ ) .Therefore , with bromegrass as test material , a runoff experimental plot was built on ２５ ° slope land in Yanqing county , and the effect and mechanismof brome grass on soil and water conservation was studied .This work verifies scientific theory and demonstrates technicalsolutions for effective control of soil erosion and rational use of grasses in northern China .
Materials and methods Test materials were brome grass ( Bromus rip arius ) which came from Canada .Runoff experimental plotswere built on ２５° slopes .There were two treatments with Brome‐growing areas and bare areas ( CK ) , and three replications ,totalling six runoff plots in the same slope .The test field was oriented north to south , and the area of each runoff plots was ２m
× ３m .The plots were separated by asphalt felt paper , buried underground ３０ cm , above the ground ２０ cm , then we set gulliesand an outlet pond at the base and sewed grass seed on May １８ , ２００６ along contour lines , spaced １５ cm .After each rain , wemeasured the depth of the barrels and calculated the total runoff volume of the slope , then took sampling by whole profilesampler , af ter filtering , dried the sediment in １ ‐２BS‐electric under １０５ ℃ until the weight was constant .
Results The surface runoff and soil erosion modulus were important indicators of the slope erosion strength .The test results of
２５° slope runoff experimental plot in Yanqing in ２００６ showed that ( Table １ ) , the effect of lawn Brome planting for erosioncontrol was significant , the surface runoff and soil erosion modulus of CK were ４４３３１ .８７ m３ / km２ .a and ７４２３ .５６ t / km２ .a .Therunoff and soil erosion modulus of Brome grass covered were less than the CK , only １４２３３ .１９m３ / km２ .a and ５７ .８２ t / km２ .a .
Table 1 The runo f f and soil erosion modulus o f di f f erent treatments .

t reatment surface runoff
m３ / km２ <.a

soil erosion modulus
( t / km２ 妸.a)

capability of w ater
conservation( ％ )

Capability of soil
conservation( ％ )

CK ４４３３１ 铑.８７a ７４２３ 1.５６a ‐ ‐

Bromus ri p arius １４２３３ 铑.１９b ５７ 哌.８２b ６７ 5.８ ９９ 破.３
Note : different letters in same row mean significantly under ０ .０５ level
Conclusions Brome grass planting played an important part in soil erosion control on ２５° slope land in Yanqing .The runoff andsoil erosion modulus of Brome grass planting area were １４２３３ .１９ m３ / km２ .a and ５７ .８２ t / km２ .a respectively .The capabilities ofwater and soil conservation were ６７ .８％ and ９９ .３％ .
ReferencesCerda A .Parent material and vegetation affect soil erosion in eastern Spain[ J ] .Soil Sci Soc Am １ J .１９９９ , ６３ : ３６２ .Wang Pingqing , Study of Pennisetum pureum on Function of soil and water conservation [ J ] . Journal o f Soil and W ater

Conserv ation .２００５ , １９ (１) : １１４‐１１６ .
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Water use indices of tropical perennial grasses in a temperate environment
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Key words : meadow brome , slope , soil erosion modulus , surface runoff , soil and water conservation , tropical grass , soilwater , water use efficiency
Introduction The North‐West Slopes of New South Wales ( NSW) is classed as a temperate environment , but it has warm to hotsummers and a summer dominant rainfall distribution . This environment may suit perennial grasses that have C４ photosyntheticgrow th , such as tropical perennial grasses , because their pattern of seasonal grow th is well matched to rainfall distribution .While some endemic perennial grasses are C４ , their water use index tends to be low ( e .g .３ .６‐４ .９ kg DM / ha .mm , Murphy
２００２) . As demand for increased production efficiency per unit of rainfall is promoted by the livestock industry to satisfysustainability requirements , improved estimates of efficiency are required to better evaluate options for producers .
Materials and methods An experimental site was established on a red chromosol on the North‐West Slopes of NSW ( ３１°１６′S ,
１５０°５２′E , ４９０ m alt . , ６７１ mm AAR) to compare the water use index of some introduced and endemic perennial grasses . Fourtreatments of three tropical species ( Digitaria eriantha cv .�Premier�; Chloris gayana cv .�Katambora�; Bothriochloa bladiicv .�Swann�) and a mix of native species ( A ustrodanthonia bip artita cv .Bunderra ; B .macra ; Dicanthium sericeum ; C .
truncata) were randomly allocated to plots (６ × ９ m) across three replicates . T reatments were established in December ２００５ byseeding at a rate of ２ kg / ha of germinable seed into a prepared bed at a depth of １０ mm . T reatments were allowed to establishand set seed during summer ２００５‐０６ before water use indices were estimated in ２００６‐０７ . A calibrated neutron moisture meterwas used to measure profile volumetric soil water content of each plot , to a maximum depth of １ .７ m , at sowing and thereafterat ３‐week intervals . Herbage mass ( kg DM / ha) was estimated at ６‐week intervals from ２０ September ２００６ to ３１ May ２００７using a comparative yield method ( Haydock and Shaw １９７５) . Plots were mown to a height of ０ .１ m after each assessment . Awater use index ( kg DM / ha .mm ) was calculated for each ６‐week interval by dividing herbage mass by the sum of rainfallreceived ( mm) and soil drying created by the grasses ( mm) and values were accumulated for the season .
Results and discussion Native perennial grasses showed less soil drying ( ３９ mm) compared with the tropical grasses ( １１９‐１４９mm , Table １) . Premier accumulated the highest herbage mass of all species ( １６ ,１５７ kg DM / ha) , and the native grasses theleast (２ ,６８９ kg DM / ha , Table １ ) . Similarly , Premier ( ３２ .４ kg DM / ha .mm ) had the highest efficiency compared with allother species ( Table １ ) . Water use indices for the tropical grasses were ２ to ５ times greater than for the native grasses ( Table
１) . Such indices provide a framework to compare the production performance of a range of grasses under controlled conditions .These results are for the first season of production after grasses were established , indicating their potential . Furthermeasurements will be taken in later seasons as the grasses mature .
Table 1 Rain f all , soil dry ing , herbage mass and water use index data f or ２００６‐０７ .

Species Rainfall
( mm)

Soil drying
( mm)

Herbage mass
( kg DM / ha)

Water use index
( kg DM / ha .mm)

Premier ３６４ R１３７a １６ ,１５７a ３２ =.４a
Katambora ３６４ R１４９a １１ ,５１６b ２２ 9.３b
Swann ３６４ R１１９a ６ ,８９３c １３ >.７c

Native grasses ３６４ R３９b ２ ,６８９d ６ #.５d
LSD ( P＜ ０ 崓.０５) ‐ ４０ 哪３ ,４６０ %６ :.６

Conclusions In the temperate environment of the North‐West Slopes of NSW , three introduced tropical grasses had higher wateruse indices in the first season of production after establishment compared with a mix of endemic native grasses , indicating thatthe tropical species can achieve high levels of efficiency in this environment .
ReferencesHaydock , K .P . , Shaw , N .H . , ( １９７５ ) The comparative yield method for estimating dry matter of pasture . A ust .J .Ex p .

A gric .H usb . １５ , ６６３‐６７０ .Murphy , S .R . , (２００２ ) The effect of grazing management on the hydrological balance of natural pastures on the North‐WestSlopes of New South Wales . PhD Thesis , University of New England , Armidale Australia , pp .１９４‐１９７ .
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Level of water stress substantially affects productivity and water use efficiency of 30 forages used
by the Australia dairy Industry
James Neal .1 , W illiam Fulkerson .2 and Roy L aw rie .1
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Introduction The recent droughts in Australia have highlighted to the Dairy Industry the importance of irrigation water . Fodder
production for the dairy industry is the second largest user of irrigation water in Australia . There are numerous species whichcan be used as a source of fodder , although basic information on seasonal and annual water use , and nutrient characteristics arelacking for some forages .
Methods A field experiment was conducted on a brown dermosol at the University of Sydney , Camden ( ３４°３′S , １５０°３９′E) ,over three years to evaluate the dry matter yield ( DMY ) , water use efficiency ( WUE) and nutrient content , of ３０ foragesunder optimum and two levels of deficit irrigation .A neutron probe was used to determine irrigation scheduling requirements ,as well as water extraction down the soil profile .At a ３０mm soil water deficit , the optimum treatment was refilled to fieldcapacity (１００％ ) , while the two water deficit treatments received ３３％ and ６６％ , respectively , of the water applied to theoptimum treatment .Each forage was harvested at the optimum stage of grow th for determination of DMY and quality .Fertilizerwas applied to replace nutrients removed at each harvest , except for legumes where no nitrogen was applied .Seasonal WUE wascalculated by dividing dry matter produced , by the sum of rainfall , irrigation and change in soil moisture content .
Results and discussion Annual DMY ranged from ８ to ３１t DM / ha , with maize ( Zea mays ) having the highest yield .Theperennial grasses , tall fescue ( Festuca arundinacea ) , perennial ryegrass ( Lolium perenne ) , prairie grass ( Bromus
w ildenow ii) and kikuyu ( Pennisetum clandestinum ) had the next highest yields in the range of ２７ to ２８t DM / ha ( Neal et al . ,
２００５) .During the summer , the DMY from maize was over four times that of perennial ryegrass or white clover ( T ri f olium
repens ) and WUE was almost three times higher ( Figure １ ) .While there was a significant decrease in dry matter production forall forages under deficit irrigation ,WUE was not significantly affected for maize , kikuyu and lucerne ( Medicago sativ a) ( Figure
１) , as the decrease in yield was directly proportional to water used . This highlights the need to select the correct forage specieswhen a deficit irrigation strategy is likely .

Figure 1 Dry matter p roduction ( t / ha) (columns) and water use e f f iciency ( kg DM / ha .mm water used ) ( symbols ) o f f ive
selected f orages

Conclusions In the extremes of climate experienced in Australia , there is no single forage which provides an abundance of feed ofsufficient quality throughout the year for dairy cows , and which is also WUE .Depending on rainfall , irrigation capacity andlivestock requirements , a number of different forages can be used to fill the feed budget . Substantial savings in water can beachieved if the right species is selected for a particular season .However , in summer there is a tradeoff between WUE andnutritive value , with C４ forages ( kikuyu , maize) generally having a lower nutritive value .
ReferenceNeal , J . ; Fulkerson , W . ; Law rie , R . ; Nandra .K . ; Sutton , B . ; Campbell , L .２００５ : Development of a more suitable foragebase for the dairy industry .Proceedings of the Dairy Research Foundation symposium , Sydney , Australia １０ , ６５‐７２ .
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The economic and phosphorus‐related effects of precision feeding and forage management in
North Cameroon
A .D .Nkengaf ac , P .T inta , G .A yuk , M .Mansue and F .Fuh .
Department o f A nimal Health , Faculty o f Science , University o f Buea , P .O .Box 63 Buea , Cameroon .
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Background Structural best management practices have been implemented throughout the north province of Cameroon in aneffort to reduce phosphorus ( P) losses to the reservoir .Yet long‐term water quality control efforts within north Cameroon arehindered by continuous P build‐up in the soils resulting from dairy farm P imports exceeding exports .Addressing the Pimbalance problems and maintaining economic viability of the farms requires a system‐level redesign of farm management .One
possible innovative strategy , precision feed management ( PFM ) , reduces soil‐P build‐up by limiting feed and fertilizerpurchases , and increasing high‐quality homegrown forage production .
Methods This study applied the integrated farm system model ( IFSM ) to two dairy farms in north Cameroon to quantify thebenefits of a PFM farm planning strategy in controlling P imbalance problems , and maintaining farm profitability and reducingoff‐farm P losses .
Results The IFSM accurately simulated the ２ farms based on farm data supplied by farm planners ; these scenarios were used asthe baseline conditions .The IFSM simulations of more accurate feeding of P ( based on P required in animal diets ) integratedwith increased productivity of grass‐forage and increased proportion of forage in the diet reduced the P imbalance of one farmfrom ５ .３ to ０ .５ kg / ha and from ９ .６ to ０ .０ kg / ha for the second farm .For both farms , soluble P lost to the environment wasreduced by １８％ .Feed supplement purchases declined by ７ .５ kg/ cow per year for dietary mineral P , and by １ .０４ and １ .２９ t / cowper year for protein concentrates through adoption of the PFM system .Moreover , when a land management practice ofconverting corn to grass was coupled with the precision feeding of P and improved forage management , IFSM predictedreductions of ５ .８ and ９ .３ kg / ha of converted land sediment‐bound P in erosion loss each year .
Conclusions The model predicted slight purchase increases in corn grain to offset reductions in corn silage production and feedingrates , but no appreciable change in the farm P balance due to land conversion .The model‐based studies conducted on a farm‐by‐farm basis complement farm planning efforts in exploring innovative farming systems .Moreover , the results set a benchmarkfor potential benefits of PFM strategies , economically and environmentally .
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Modelling deficit irrigation strategies for dairy regions of Australia
R .P Rawnsley 1
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1 Tasmanian Institute o f A gricultural Research , University o f Tasmania , Burnie Tasmania 2 Faculty o f L and and Food
Resources , University o f Melbourne , V ictoria
倡 Corresponding author E‐mail : Richard .Rawnsley＠ utas .edu .au
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Introduction The seasonal differences between daily rainfall and evapotranspiration in temperate regions of Australia emphasisesthe reliance on irrigation to support pasture grow th in these regions ( Rawnsley et al . ,２００７ ) . Water scarcity and or increasecosts are placing significant demands on irrigators to improve their return for each mm of water applied .This modelling studyexamines deficit irrigation strategies to provide recommendations for farmers to improve irrigation use efficiency .
Materials and methods Monthly pasture cuts of perennial ryegrass ( Lolium perenne L .) were simulated using the biophysicalpasture model DairyMod ( Johnson et al . , ２００３) at two sites ; Elliott ( northwest Tasmania ; ４１°０６′S , １４５°４６′E) , and Kerang( northern ０ , １０ , １５ , ２０ , ２５ , ３０ , ３５ or ４０ mm of irrigation was applied . Simulations were run for ４６ years (１９６０‐２００６) , w ithmedian data for the last ４０ years presented .
Results and discussion The marginal irrigation water use index ( marginal pasture production due to irrigation/ irrigation waterapplied ( kg DM /mm) ; MIWUI) increased with decreasing irrigation application depths at both sites , indicating that a deficitirrigation strategy can increase the amount of pasture grown per mm of applied water ( Table １ ) .A higher MIWUI for theseperennial ryegrass pastures was found in the cool temperate climate of Tasmania than in the warmer climate of northernVictoria . The MIWUI for each irrigation application depth in Tasmania was substantially greater than １０ .０ kg DM /mm , afigure that is of ten quoted as industry average .In contrast , in northern Victoria the MIWUI was below １０ .０ kg DM /mm foreach irrigation application depth , indicating that climate significantly influences the response of perennial ryegrass to irrigation .
Table 1 The median annual perennial ryegrass pasture y ield , irrigation water ap p lied and M IWUI f rom di f f ering
irrigation ap p lication dep ths in Tasmania and northern V ictoria over f orty years (1967‐2006) .

Elliot t ( T asmania) Kerang ( Northern Victoria)
Application
depth

Yield
( t DM / ha)

Irrigation applied
( mm)

MIWUI
( kg DM / mm)

Yield
( t DM / ha)

Irrigation applied
( mm)

MIWUI
( kg DM / mm)

０ mm １５ 媼.４ ０ 苘.０ n .a ４ Ё.２ ０  .０ n .a
１０ mm ２０ 媼.９ １３０  .０ ４１ V.６ ７ Ё.１ ３７０ 6.０ ７ 垐.８
１５ mm ２３ 媼.７ １９５  .０ ３９ V.５ ９ Ё.４ ５５５ 6.０ ８ 垐.６
２０ mm ２５ 媼.３ ２６０  .０ ３５ V.５ ９ Ё.９ ７４０ 6.０ ６ 垐.３
２５ mm ２５ 媼.３ ３２５  .０ ２８ V.６ ９ Ё.８ ９２５ 6.０ ５ 垐.０
３０ mm ２５ 媼.３ ３９０  .０ ２３ V.７ ９ Ё.８ １１１０ J.０ ４ 垐.２
３５ mm ２５ 媼.３ ４５５  .０ ２０ V.３ ９ Ё.８ １２９５ J.０ ３ 垐.６
４０ mm ２５ 媼.３ ５２０  .０ １７ V.７ ９ Ё.８ １４８０ J.０ ３ 垐.１

Conclusions T he results of this study indicate that a deficit irrigation st rategy can significantly improve the return of pasture g rown for each mm
of water applied .In addition , the use of irrigation water in warmer climatic regions to grow perennial ryeg rass is potentially unsustainable due to
the high level of w ater required and the low ( ＜ １０ .０ kg DM / mm) marginal response to these applications .
References
Johnson , I .R . , Chapman , D .F . , Parsons , A .J . , Eckard , R .J . , Fulkerson , W .J . , ２００３ .DairyMod : A biophysical model of the Australian
dairy system .Proceedings of the Australian Farming Systems Conference , Toow oomba , September ２００３ ( w ww .afsa .asn .au / )
Rawnsley , R .P . , Donaghy , D .J . , Stevens , D .R . , ２００７ .What is limiting production and consumption of perennial
ryegrass in temperate dairy regions of Australia and New Zealand ? Proceedings o f the 3 rd Dairy Science Symposium , University of Melbourne ,
Victoria , Australia , ３ , ２５６‐２７６ .
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Water quality in terms of metals during flooding in two ecosystems of the Conchos Watershed ,
Mexico : rangeland‐forest and urban areas
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IntroductionWater from the Conchos River is essential for about １ million inhabitants of the State of Chihuahua‐Mexico andeconomically fundamental for three irrigation districts of the state covering about ６４ ,０００ km２ . Moreover , the Conchos River isthe main water supplier to the lower Rio Grande/ Rio Bravo ( TNRCC , １９９４ ) that serves as the natural boundary betweenMexico and the United States of America ; the river water is mainly utilized by Texas摧 producers .The water of the Conchos riverflows throughout the whole Conchos basin that contains two main hydrologic and climatological environments ; the upper zoneabout ２ ,７００ m above sea level ( masl) used as rangeland and forest production and the lower zone about ７２０‐１ ,５００ masl wherethe main urban areas are located and where water joins the Rio Grande/Rio Bravo water .The objective was to measure heavymetal contamination in the Conchos river considering two main environments : rangeland‐forest use ( pine communities and short
grass‐brush land communities) , and lower zone ( urban areas) .
Materials and methods Four locations were selected in the Conchos River to obtain water samples .Water samples were collectedduring ２００４ and ２００５ on a bi‐monthly basis ; therefore , １２ samples were obtained in each location .As , Cd , Co , Cr , Cu , Fe ,Mn , Mo , Ni , Pb , Sb , V , Se , Zn Tl and Li were determined using Inductively Coupled Plasma Optical Emission Spectrometry
( ICP‐OES) Perkin Elmer ２１００ .For statistical analysis two points represented the rangeland‐forest community ( Satevo river ( S)and Zaragoza river ( Z ) ) and two points represented the urban area ( Chuviscar ( CH ) and Ojinaga ( O ) ) .An Analysis ofVariance ( ANOVA) was performed to determine year , month , and community differences ( zone ) using a ０ .０５ level ofsignificance .
Results and discussion Mn level was different for year and zone ( Figure １) while As concentration was different for year , seasonand zone ( Figure ２) .With respect to other elements , Cr was not different .Pb was significant for zone , Zn for year , V for yearand season , Cu for year and season and Fe for season .The elements Cd , Co , Mo , Ni , Sb , Se , T l and Li were not significantlydifferent with respect to year , season , and zone and their concentration was inconsistent .It was noted that , in general , therangeland‐forest environment contained lower levels of the metals tested .

　 Figure 1 Mn levels f or year and zone
in the Río Conchos . 　 Figure 2 Levels o f A s considering year ,

season and zone .

Conclusions The rangeland‐forest ecosystem in the upper region of the Conchos watershed produced water with low levels ofmetals in contrast with the lower ecosystem .It is expected that this difference is due to anthropogenic activities .
ReferenceTNRCC , １９９４ .Texas Natural Resource Conservation Comission .Water quality in the Rio Grande basin .Austin , TX : TNRCC ;

１９９４ ;３７７ .
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Investigation of effects of water spreading on improvement of Iran摧s Rangelands
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Introduction Area of rangelands of Iran is estimated at about ９０ million ha (５４％ of Iran total area) .These rangelands have therichest flora in the world and more than ６０００ species of plants .
Materials and methods Eleven water spreading (W .S) projects from total ３６ W .S stations available in Iran , were selected ( theseeleven stations have suitable distribution across Iran , so results can be approximately representative of the total conditions ofIran) .For evaluating their efficiency and effects on range improvement , data from before and af ter doing W .S , informal reportsand field surveys in these stations were collected and analyzed .These stations are , １‐Gareh Baygan , ２‐Jajram , ３‐Khuzestan , ４‐Varamin , ５‐Poldasht , ６‐sabzevar , ７‐Gonabat‐kalat , ８‐Sahrin‐ghare , ９‐Ab‐barike‐bam , １０‐Sefid rood , and １１‐Ghoshedamghan .These are located in the Center , the West , the East , the North East , the North West and the South West of Iran .
Results The results can be classified following ３ issues
The effects of W .S on quantitative and qualitative varieties of vegetation cover In Gareh Baygan investigation of data before andafter doing W .S , shows that vegetation cover changed from ２０％ to ３４ .０７％ , the area of poor rangelands around the stationhave decreased from ７５００ ha to ２３５２ ha .Production of Salsola tomentosa has increased about ６０％ , forage production changedfrom １０１ kg / ha has became ５０１ and ８２５ kg / ha , range capacity changed from ０ .０７ animal units / year to ０ .３４ and ０ .５６ animalunits / year , range condition changed from very poor to average and good and range trend from down ward to upward ( Nejabat
１９９９) .
The effects of W .S on soil properties In the Sefid Rood results of soil analysis show that af ter W .S saturation percent wasincreasing , electrical conductivity was decreasing , and pH content was increasing .W .S decreases the amount of propertydamage caused by floods , feeds the underground aquifer and improves the farming soil and physical properties of soil .
Bio‐Ecological effects of W .S In Gonabat‐kalat due to improvement of plant coverage af ter W .S , a very appropriate food hasbeen provided for the animals , so the animals have come to the area and this improves animal production .The results of W .S in Gareh Baygan shows that there is reduced mobility and migration of people in the range lands in whichthere were problems such as shortage of appropriate water and forage for animals .
Conclusions Iran is located in arid and semi arid of the world with mean annual rainfall of ca .２４０ mm and irregular spatial andtemporal distribution .In such conditions rangelands are the primary sources of water for different uses , so different methods ofwater harvesting such as W .S can be applied to improve water recourses of rangelands .Many rangelands of Iran are suitable forW .S and this technique improves conditions of ground water , soil , vegetation cover , and forage production of rangelands .Results of this study show the positive effects of W .S on rangelands .The experiences of Iran in this case can be employed in theother countries with similar conditions to Iran .
ReferenceNejabat , M .１９９９ .Improving environmental characteristics in a wide area around a floodwater spreading system , a case study ,

９th International congress on rainwater catchments system .Brazil , Brazil .
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Dynamics of post‐wildfire wind erosion of soil in semiarid rangelands , Idaho , USA
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Introduction Post‐wildfire soil erosion by wind is an important but unstudied ecological process in cold desert , semiarid shrubsteppe . In particular , the post‐fire dynamics of soil erodibility are not well understood . We examined threshold wind speedduring saltation events as a measure of erodibility for three months following a late‐summer wildfire in southeastern Idaho ,USA rangelands during ２００７ . Our objective was to describe variability and controls of erodibility throughout the first fewmonths following fire , into the beginning of the winter period .
Materials and methods We measured the fraction of time saltation was detected ( saltation activity ) , the minimum wind speedrequired to initiate saltation ( threshold ) , air temperature ( temperature) and percent relative humidity ( rH ) for five‐minuteintervals , and soil volumetric water content from ０‐１５ cm depth ( water) for ６ hour intervals , at a burned and an unburned site .We determined and analyzed daily means of threshold , water , temperature and rH during saltation events at one burned site .
Results and discussion Little saltation activity was detected and threshold could not be assessed at the unburned site . Thresholdincreased during the course of the study at the burned site ( Figure a) , suggesting that erodibility was highest immediatelyfollowing fire and decreased throughout fall . Water , temperature , and rH ( Figure b , c , d ) were moderately‐stronglycorrelated with threshold ( Pearson摧s correlation ＝ ０ .７０ , ‐０ .６８ , ０ .７６ , respectively , all p ＜ ０ .００ ) . A multiple regressionmodel with rH and water as predictors explained substantial variability in threshold ( threshold ＝ ６ .９２ 倡 ０ .０２ rH 倡 ０ .１０water , r２ ＝ ０ ．７５ ，p‐values ＜ ０ .００) .

Figure 1 Daily mean threshold , soil w ater content , rH , and air temperature f or erosion events occurring af ter summer
w ild f ire .

Conclusions Preliminary findings from this study suggest that wildfire has the potential to increase wind erosion susceptibility inthe semiarid rangeland environment we studied .Erodibility , as measured by daily mean threshold wind speed , appeared to behighest in the weeks immediately following fire .Both subsurface hydrology and boundary layer atmospheric conditions appear tobe major controls on the dynamics of post‐wildfire wind erosion .
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Effect of artificial grassland on soil and water conservation in Beijing
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Introduction There are severe soil erosion and water loss problems that are exacerbated by livestock production around Beijing .Drought‐resistant and barren‐tolerant perennial grass is a good forage that promotes soil and water conservation ( Adekalu etal . , ２００７) .The main objective of this study was to reduce soil erosion and water loss on barren lands in Beijing by plantingperennial grass in different areas .
Materials and methods The experiment was conducted with in Yanqing , Miyun , and Changping in Beijing .Their soil texturalclassifications were sandy loam , sand clay loam and clay loam .Rainfalls were ３９３ .５mm , ５７９ .７mm and ６１３畅７mm .T reatmentswere imposed in a randomized complete block design with three replicates .There were one CK ( control) that was a barren slopeand one treatment that was artificial grassland sowed in autumn with meadow brome ( Bromus riparius ) in one experimentalarea .Surface runoff and soil erosion was observed on plots in ２００６ , and grass height , cover and biomass of artificial grasslandwere measured with three replicates in the August .
Results and discussion Ground covers and biomasses of artificial grasslands in Miyun and Changping were over ９７％ and ５３２１kg /hm２ , and higher ( p ＜ ０畅０１) than those in Yanqing .This was due mainly to rainfall and soil textural classification ( Table １ ) .Meanwhile , soil erosion and water loss of artificial grassland was lower significantly ( p ＜ ０ .０１ ) than that in CK in everyexperiment area .Amounts of surface runoff and soil erosion of artificial grasslands were only ３０９０ .３ t / km２ and ２ .６ t / km２ inChangping in ２００６ , and the effect of soil and water conservation was highest there , ９８ .２２％ and ９９ .９９％ .This site had clayloam soil and high ground cover of grassland ( Table ２ ) .
Table 1 A rti f icial grassland background o f three areas in Bei j ing in 2006 .
Areas Overg round biomass( kg / hm２ ) Ground cover ( ％ ) Grass height ( cm )
Yanqing ４８６７ 创.７b ８５ d.３b ３６ A.２a
Miyun ５５６９ 贩.３a ９７ g.７a ３８ A.７a
Changping ５３２１ 贩.９a ９７ g.９a ３９ A.９a
Note : Different letters of each column in an area are significant differences at ０ .０１ level ( p ＜ ０ .０１ ) .倡 AG indicated artificial grassland .

Table 2 Yearly amount o f sur f ace runo f f and soil erosion o f three areas in Bei j ing in 2006 .

Areas T reat‐
ments

amount of
surface runoff
( t / km２ )

Soil
erosion
( t / km２ )

w ater
conservation
( ％ )

soil
conservation
( ％ )

Yanqing CK ４４３３１ 9.９a ７４２３ 谮.６a — —

AG 倡 １４２３３ 6.２b ５７ �.８b ６７  .８９ ９９ 蜒.２２
Miyun CK １８２９７９ M.５a ３５９１ 谮.１a — —

AG １４１１０ 6.３b ８ 櫃.１b ９２  .２９ ９９ 蜒.７７
Changping CK １７３９０９ M.９a ２５８０６ 铑.７a — —

AG ３０９０ !.３b ２ 櫃.６b ９８  .２２ ９９ 蜒.９９

Conclusions Surface runoff and soil erosion in barren fields was decreased effectively by planting drought‐resistant and barren‐tolerant perennial grass .Ground biomass and cover increased , and vegetation restored rapidly after grass planting . Thisbenefited livestock and had positive effects on soil and water conservation in Beijing .
ReferenceAdekalu K .O . , Olorunfemi L .A . , Osunbitan J .A . , ２００７ .Grass mulching effect on infiltration , surface runoff and soil loss ofthree agricultural soils in Nigeria . Bioresource Technology ９８ : ９１２‐９１７ .
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The surface water and soil quality by the year‐long staying management in Jeseniky region
Svoz ilova M . , Rzonca J .and V arekova P .
Research Institute f or Cattle Breeding , L td . , Rapotin , V yz kumniku 267 , 78813 V iky rov ice , Czech Republic marie .svoz ilova
＠ vuchs .cz

Key words :wintering , surface water , soil
Introduction The common cattle keeping is with winter staying in the stable in Czech Republic , because there is not forage onthe pastures . The new use of year‐long cattle keeping on pastures has economic benefits , but elevates risk of increasedconcentrations of phosphorus , potassium and ammonia compounds percolating into the water table .The aim of paper is toappraise the influence of year‐long cattle staying on pasture for soils and surface water quality .
Materials and methods Two localities were monitored during ２００４‐２００７ period : １‐wintering with the shelter , ２‐winteringwithout the shelter ( where wintering place was moved every year) .The water samples were taken from the upper (U ) reachesof streams ( above the pasture) and from the lower ( L ) ones in two‐months interval ( the water was sampled ２０‐times in total) .The indicators : N‐NO‐

２ , N‐NO‐
３ , N‐NH ＋

４ and P .The soil is sandy‐loam , subunit luvi‐cambisols .It was sampled directly at thecattle wintering place ( highest animal concentration) and from the adjacent pasture ( check sampling ) from depth of ０ .０２‐０ .３０m and ０ .３０‐０ .６０ m in April and in October ( the soil was sampled ７‐times ) .The soil samples were analysed for content ofinorganic nitrogen ( Nin ) and available nutrients ( P , K , Ca) by Mehlich III method .The results were evaluated by statisticalsof tware SPSS for Windows v .１３ .０ .
Results and discussion The streams were not contaminated by nitrate and nitrite .The limit of ammonia nitrogen for surface wateris ０ .５ mg .l‐１ , it exceeded acceptable pollution limits during the ２００４‐２００５ period , also in the upper reaches of streams .Thehighest concentration was in August (１U ０ .８９ ,１L １ .２３ ,２U ０ .９１ , ２L １ .０２ mg .l‐１ ) and October ２００４ (１U ０ .６９ ,１L ０ .９１ ,２U
０ .７５ , ２L ０ .８５ mg .l‐１ ) .From December ２００５ to August ２００７ N‐NH ＋

４ content was under the pollution limit .Pollution byphosphorus (０ .１５ mg .l‐１ ) exceeded limits five times on locality １ under the wintering place and twice on locality ２ ( at the bothsamplings places) .The pollution on locality １ was proved from September ２００６ ,
Table 1 The nutrient content in soil (mean o f year ２００４‐２００７ ) .
Locality U tilization Depth[m] Nin[ mg .kg‐１ ] P[ mg .kg‐１ ] K[ mg .kg‐１ ] Ca[mg .kg‐１ ]

１ Q
pasture
winteringplace

０  .０２ ‐０ .３０ ７ Z.８０ ３７ O２１８ �２１６３ �
０  .３０ ‐０ .６０ ５ Z.２０ １８ O１２６ �１７３３ �
０  .０２ ‐０ .３０ ２４ q.４８ １６４ f１１９１  １５４３ �
０  .３０ ‐０ .６０ １５ q.１６ １３２ f３９５ �９５９ 槝

２ Q
pasture
winteringplace

０  .０２ ‐０ .３０ １４ q.２４ ５０ O１８１ �２１７７ �
０  .３０ ‐０ .６０ ９ Z.９７ ２９ O１４１ �１８２２ �
０  .０２ ‐０ .３０ ２６ q.５４ ５７ O５３３ �１７５２ �
０  .３０ ‐０ .６０ １４ q.０３ ２９ O２６２ �１０９５ �

ANOVA( F ‐ratio )

Locality
U tilization
Season
Locality
U tilization
Season

０  .０２ ‐０ .３０

０  .３０ ‐０ .６０

０ Z.２６ ２ 篌.４９ ６ k.６３ ＋
０ %.０９

２ Z.１４ ４ 乙.３４＋
２２ g.４６＋ ＋

３ %.８７
３ Z.７０ １ 篌.８５ ０ 寣.２３ ０ %.１０
０ Z.０１ ０ 篌.９６ １ 寣.２５ ０ %.４５
３ Z.２０ １ 篌.２９ ８ P.２９＋ ＋

１３ .４５＋ ＋

６ 9.１６＋
１ 篌.７９ １ 寣.６４ ０ %.２７

＋ P ＞ ９５
＋ ＋ P ＞ ９９

which could be caused by the high phosphorusconcentration in soil ( Rzonca et al . , ２００６ ) andits transport .From this point of view non‐shelterwintering that is moved every year is better forsurface water quality . The values of nutrientcontent in soils are in Table １ .In wintering placewas tendency to increase of nitrogen content in
０ .３０‐０ .６０m layer against the pasture ( control) .The cattle staying on wintering place hadsignificant influence on increase of phosphoruscontent in ０ .０２‐０ .３０m layer and of potassium inthe both layers .The content of potassium wassignificantly higher on locality １ than on ２ in ０ .
０２‐０ .３０m layer .The content of calcium showeda tendency to decrease in ０ .０２‐０ .３０m layer andit was significantly lower in ０ .３０‐０ .６０m layer inwintering place against the pasture .

Conclusions The year‐long cattle keeping could contaminate surface water by phosphorus and ammonia nitrogen , but changingthe wintering place every year and following the proper farming routines ( high bedding , regeneration of grass turf in thespring ) can eliminate the risk .The year‐long cattle keeping has proved an impact on the increase of potassium and phosphoruscontent and the decrease of calcium content in the soil of winter place .
Acknowledgements The work was supported by Ministry of Education CR No .LA ３２７ and No .MSM ２６７８８４６２０１ .
ReferenceRzonca J . , Svozilova M . , Micova P . , Macek A .and Gencurova V .( ２００６ ) The agrochemical soil properties under areas ofcattle wintering .V yzkum v chovu skotu , ３ , ３０‐３４ .
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Grazing management processes and strategies for Riparian Wetland areas
Sandra W yman , BLM , National Riparian Serv ice Team , 3050 NE 3rd .St .Prinev ille , OR 97754 USA and
Sherman Swanson , U .o f Nev ada , 1000 V alley Rd .Reno , NV 89512 USA ssw anson＠ cabnr .unr .edu

Key words :Grazing management , riparian‐wetland areas , livestock , adaptive management
Introduction In arid rangelands , cattle often focus grazing near riparian areas . Excess intensity or duration of grazing generallyleaves inadequate riparian vegetation to stabilize stream banks against the cutting action of flowing water . Woody plants maylose diverse age structure needed for maintaining channel form or fish habitat .An excessively eroding channel may incise orentrench forming a gully that accelerates erosion . An incised stream does not access ( flood) its floodplain so flood waters cannot recharge an aquifer . Water rushes downstream in the wet season or during storm events , increasing downstream impactsrather than soaking into upstream floodplain soil and aquifers where it could have supported vegetation , dry‐season flows ,forage , and habitat .
Methods A technical reference Graz ing Management Processes and Strategies f or Riparian Wetland A reas ( Wyman et al
２００６) was developed to assist livestock operators and land managers in developing successful riparian‐wetland grazingmanagement strategies across a wide array of land types .Because of the complexity of riparian‐wetland areas and issues , thistechnical reference does not set forth a formula or rules for identifying the type of grazing strategy best suited for an area .Rather , it provides information to help livestock managers collaborate to design appropriate grazing strategies for soil ,vegetation , water , wildlife , and livestock needs .
Results and discussion Basic topics covered in this technical reference include riparian‐wetland area attributes and processes ,riparian resource assessments and inventories , development of resource management objectives , management strategy factors ,
grazing treatments , and collaborative monitoring .Alternatives to passive continuous grazing , employing rest or deferment fromgrazing when appropriate , and considering the associated uplands and the entire water catchment and its resources helps themwhen developing a grazing management strategy .Examples of tools , techniques , treatments , and success stories are provided .The reference is intended to provide the background and information needed for management of riparian area resources whilemaintaining the economic viability of the grazing enterprise . It ensures that everyone involved clearly understands riparianfunction and management objectives , and understand how they can benefit from proper management and improved riparianconditions . Flexibility in the grazing management plan accommodates changes in weather and what is learned from monitoringinformation , in a timely manner .
Conclusions It is important to manage grazing so that water loving plants grow vigorously and retain the structure needed todissipate the energy of high flows post‐grazing to permit natural stream function . Consequently , it is important to consider theentire water catchment and its resources when developing a grazing management strategy . A successful grazing managementstrategy meets the needs of the operator , livestock , wildlife , and upland and riparian resources . Monitoring how well thestrategy meets these needs and adapting as necessary perpetuates success .
ReferencesWyman , S . , D .Bailey , M .Borman , S .Cote , J .Eisner , W .Elmore , B .Leinard , S .Leonard , F .Reed , S .Swanson , L .VanRiper , T .Westfall , R .Wiley , and A .Winward .２００６ .Riparian area management : Grazing management processes andstrategies for riparian‐wetland areas .Technical Reference １７３７‐２０ .BLM /ST /ST‐０６ /００２ ＋ １７３７ .U .S .Department of theInterior , Bureau of Land Management , National Science and Technology Center , Denver , CO .１０５ pp .http :/ / www .blm .gov / or / programs/ nrst / files/ Final％ ２０TR％ ２０１７３７‐２０ .pdf
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Analysis of infiltration and surface runoff in River Njoro watershed using a rainfall simulator
M .O .Okelo1 , J .O .Onyando1 W .A .Shivoga1 C .M .Gichaba1 and S .N .miller 2
1 , Egerton University P .O Box 536 , N joro E‐mail : mala f red＠ yahoo .com .
2 University o f W yoming , Rangeland Ecology and W atershed Management , Dep artment 3354 , 1000 E .University A venue ,
L aramie , WY 82071

Key words : runoff plots , rainfall simulator , infiltration , runoff
Introduction Land use influence on hydrology has generated interest worldwide , especially in developing countries , where forestareas have been converted to other land uses including , agriculture and grazing .Hydrological changes in River Njoro watershedhave been attributed to deforestation , intensive cultivation and overgrazing .These changes have led to increase of surface runoffand reduction of infiltration .The objective of the study was to assess the effect of land use treatment on infiltration and surfacerunoff using a rainfall simulator and runoff plots .
Materials and methods The study area is in Njoro , Kenya .The catchment is bound by ( ０°１５′S , ０° ２５′S , ３５° ５０′E , ３６° ０５摧E) .Soils in the region are Ultisols and Entisols .The mean annual rainfall is ９３９ .３ mm .The assessment was done on runoff plots .The plot dimension was ０ .４ m by ０ .２５ m giving a plot size of ０ .１m２ .There were ５ landuse treatments set in a randomizedcomplete block design with ３ sites ( replicates) .Rainfall was applied at an average rate of １０mm/ h for ３ minutes on three plotsusing the Kamphorst rainfall simulator ( Kamphorst , １９８７ ) .Surface runoff and infiltration from the １５ plots of the differentlanduses were measured .Soil characteristics including antecedent moisture conditions , organic matter , bulk density , soiltexture and soil pH from soil samples of ０‐１０ cm depth were measured at each site .Data was analyzed using ANOVA andtreatment means separated using Duncan摧s Multiple Range Test ( Steel and Torrie , １９８０) .
Results and discussions Table １ below shows infiltration and surface runoff from every land use area and other soil properties .Runoff was high in grazing , agricultural and deforested area than the other sites . ( please clarify the preceding statement )Surface runoff was high in grazing land (２３ .７８mm) , while the indigenous forest recorded the lowest runoff (０ mm) .Statisticalanalysis reveal that there were significant differences between grazing land use and other land use areas except agriculture ( p ＜
０ .０５) .Significant differences also exist between agriculture and the deforested land use areas , plantation forest and indigenousforest .There were significant differences in infiltration between indigenous forest and all the other land use areas .There werealso significant differences between plantation forest and the other land use areas .However there was no significant difference ininfiltration between agriculture and grazing land use types .Indigenous forest recorded the highest infiltration value ( ４３ .５mm/ h)whereas grazing land use recorded the lowest mean value ( ２０ .２mm/ h) .
Table 1 Mean sur f ace runo f f , in f iltration and soil p roperties in f ive land use ty pes in the River N joro watershed .

Landuse Bulk density
g / cm３ I

Organicmatter ％moisture Soil pH Soil texture Mean surfaceRunoff ( mm) Mean infiltration
( mm/ h)

AgricultureGrazingPlantation forestDeforestedIndigenous forest

０ い.８５
１ .０５
０ .９５
０ .７８
０ .７４

５ 缮.７
５ .０
６ .２
１０ .１
９ .４

２３ 潩.４７
２２ .４１
２３ .５２
２９ .２
２４ .７

６ p.２
５ .９
６ .４
５ .８
６ .２

Clay loamClay loamClay loamSandy clay loamSandy clay loam

１８ X.７４
２３ .７８
６ .９９
１７ .７２
０ .３１

２５ ;.４
２０ .２
３７

２６ .２
４３ .５

Conclusions High infiltration and low runoff was recorded in indigenous and plantation forest land use areas .This was due tohigh vegetation and litter cover and their associated properties .Areas characterized by intense interference of surface coverconditions like agriculture and grazing recorded low infiltration and high runoff . The reduction of runoff and increase ininfiltration is effective where there is vegetation and litter cover .These findings have implications for hydrological modeling inthe River Njoro watershed .More studies on infiltration and runoff using other methods are needed .
ReferencesKamphorst , A (１９８７ ) A small rainfall simulator for the determination of soil erodibility .Netherlands Journal o f A gricultural

Science .３５ :４０７‐４１５ .Steel R .G , Torrie J .H .( １９８０ ) .Principles & Procedures of Statistics .A Biometrical Approach .( ２nd Edition) .McGraw HillInternational Editions , Singapore .
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Distribution and sustainable utilization of water resources in Inner Mongolia pastoral area
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Key words : pastoral area , grassland , water resources , sustainable development
Introduction The total area of grassland is ８２７ ,０００ km２ in Inner Mongolia , but the gross water resources are １９ .９３５ billion m３ .The utilization of water resources do not correspond with the development and protecting of grassland because of asymmetry indistribution , illogical scheme and low ratio in utilization of water resources .So it is very important to enhance the managementand improve the scheme in using water resources , and then we could advance some good plans to meet the expectation ofeconomy and society .
Distribution and utilization of water resources The grassland is very vast in Inner Mongolia , variability of land form iscomplicated .Annual variety of precipitation is very large , and the distributing of water resources is very asymmetric because ofprecipitation , geographical location and temperature etc .Water resources are much uncoordinated with the distribution ofpopulation and grassland .Until ２００５ , the total water consumption is ３ .２３１ billion m３ , １ .１２７ billion m３ of them are the surfacewater and ２ .１０４ billion m３ of them are the groundwater .
Sustainable utilization schemes of water resources At present , the emphases in using water resources are how to protect the waterresources successfully and the logical scheme in Inner Mongolia .As the central methods in protecting ecosystem , some watersaving irrigated grassland were cultured , and some natural grassland were enclosed , the feed is prohibited or stocked in turn inthese regions .For the purpose of protecting ecosystem and developing irrigated grassland , we should give some regards to thematters , (１) implementing the law of water resources , adjusting prices of water ; ( ２ ) Adhere to the principles of �water forgrass , grass for livestock" , making overall plans in using water resources for production , living and ecosystem ; (３) Adhere tothe principle of �reasonable development and logical schemes" , pay equal attention to water saving and water development ; (４ )Developing efficient and water‐saving forage grassland , improving the ratio in use of water resources ; ( ５ ) improving therebuilding and management in surface water irrigation district ; ( ６) logical plans in using the underground water resources .
Epilogue With the development of irrigation works in pastoral area , the conflict between water resources and grassland will beserious more and more , logical schemes plans in using water resources will become one of very important factors in protectingecosystem and sustainable development in pastoral area .
ReferencesCountry and Water Department of Ministry of Water Resources , the plans for protecting water resources in improvingentironment in Chinese pastoral area , ２００３ .１０Ma Chang Jun ,Wu Shou xin .etc . .Dictionary of resources in Inner Mongolia ‐water resources volumes .Inner Mongolia People摧sPublishing Company , １９９７ , １０ .
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Yield and quality of Italian ryegrass as affected by supplemental irrigation
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Introduction To achieve the highest yields , ryegrass requires watering when rainfall is not enough to cover its needs .Biannualvarieties might be able to extend the grow th period as compared to the annual , but this needs to be tested in the field .
Material and methods A study was conducted in ２００５ /０６ applying the following treatments : rainfed , and irrigation up to ２５％ ,
５０％ and １００％ of soil water holding capacity .Two varieties were tested , one annual ( Pollanum ) and the other biannual( Lipo) .A sprinkler irrigation system was used .Planting date was October １７ . Af ter harvests , ５０ kg / ha of nitrogen wereapplied .
Results and discussion Water application increased dry matter yield values ( Figure １ ) , as compared to the rainfed treatments .Irrigated annual ryegrass ( Pollanum) tended to be higher yielding than the biannual , especially at the ２５％ treatment .Underrained conditions , Lipo showed better results .For Pollanum , Louren毕o e Palma (２００１) reported higher values as well as Jungand Shaffer (１９９２) for Lipo .The results for crude protein and digestible dry matter content are presented in Table １ .

Figure 1 Total dry matter y ield by ryegrass variety and watering regime .

Table 1 Crude p rotein (CP) and dry matter digestibility (DMD) by harvest and irrigation treatment .

Harvests Crude protein ( g kg‐１ )
２５％ ５０％ １００％ Mean

Digestible dry matter ( g kg‐１ )
２５％ ５０％ １００％ Mean

１st １７ 憫.５ １４ 煙.５ １２ �.４ １４ 换.８ ８３７ 哌.６ ８３５ 眄.０ ８３３ �.５ ８３５ ~.４
２nd １８ 憫.３ １８ 煙.１ １８ �.８ １８ 换.４ ８１２ 哌.４ ８１３ 眄.１ ８０８ �.３ ８１１ ~.３
３rd １５ 憫.１ １４ 煙.５ １５ �.３ １５ 换.０ ７４０ 哌.５ ７６７ 眄.３ ８９７ �.１ ８０１ ~.６
４th １４ 憫.４ １３ 煙.９ １５ �.１ １４ 换.５ ５３８ 哌.３ ５６２ 眄.８ ６１９ �.０ ５７３ ~.３
５th １１ 憫.６ １３ 煙.０ １１ �.９ １２ 换.２ ５１４ 哌.３ ５３２ 眄.６ ５８５ �.５ ５４４ ~.１
Mean １５ 憫.４ １４ 煙.８ １４ �.８ １５ 换.０ ６６８ 哌.６ ７０２ 眄.２ ７４８ �.７ ７１３ ~.１

LSD (０ .０５) for CP : irrigation treatment × harvest ＝ １ .３ ; for DMD : irrigation treatment ＝ ４５ .４ , harvest ＝ ４６ .８
Conclusions The results showed that under rainfed conditions , the biannual variety Lipo achieved greater yields .Under irrigationtreatments , the Pollanum variety showed better water use efficiency especially at the ２５％ treatment .The forage produced inthis study was good , even though a decrease in crude protein was noticed after the second harvest , and in dry matterdigestibility after the third .
ReferencesJung , G .A .and Shaffer , J .A . , １９９２ .Component yields and quality of binary mixtures of lucerne and perennial , Italian or shortrotation hybrid ryegrass , Grass and Forage Science (１９９３) Vol .４８ , １１８‐１２５ .Louren毕o , M .E .V .and Palma , P .M .M . , ２００１ .The effect of plant population on the yield and quality of annual rye‐grass .In :Gomide J .A . , Matos W .R .S .and Carneiro da Silva S .( eds) Proceedings of the XIX International grassland Congress , S本oPedro , S本o Paulo , Brazil , pp .４１６‐４１７ .
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Modeling the impact of grazing on water budgets
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Meteorology , Department o f Meteorology , Dresden , Germany
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Introduction Land management is important for heat and water transfer by altering plant and soil functions .It is essential toquantify and predict management effects on these processes in order to assess their consequences for plant production and theenvironment .Many studies have focused on the effects of land management on soil hydraulic properties .However , few studieshave dealt with the consequences of these practices on water budgets , especially in the semi‐arid grassland .In this paper , in situmeasurements of hydro‐meteorological and energy elements from the project�MAGIM" ( Matter f luxes in grasslands o f Inner
Mongolia as in f luenced by stocking rate ) were used to parameterise the hydrological model HYDRUS‐１D ( 搽im闭unek et al . ,
１９９８) to simulate water fluxes as a function of grazing intensity .
Materials and methods This study was performed on long‐term experimental sites of Inner Mongolia Grassland EcosystemResearch Station ( IMGERS , ４３o ３７′５０″N , １１６o４２′１８″E) .Four plots with different grazing intensities were investigated .Twoplots were protected from grazing since １９７９ ( UG ７９ , ２４ ha) and １９９９ ( UG ９９ , ３５ ha) .The other two plots were grazed : onewas grazed only during winter time with ０ .５ sheep units ( ewe and lamb) ha‐１ yr‐１ （WG , ４０ ha) and the other was heavilygrazed with ２ sheep units ha‐１ yr‐１ （HG , １００ ha) during the whole year .In each plot , soil moisture was measured by Theta‐probes in three soil depths at ５ , ２０ and ４０ cm .The automatic micrometeorological stations recorded the precipitation and otherweather variables .To determine the root length density , root samples were taken up to １００ cm depth .In addition , undisturbedsoil samples were taken at four depths of ４ ～ ８ , １８ ～ ２２ , ３０ ～ ３４ and ４０ ～ ４４ cm to determine the water retention characteristicsand hydraulic conductivity .Modeling of soil water flow was performed with HYDRUS‐１D for a growing period of １５３ d from １

st
May to ３０th September , ２００４‐２００６ .The initial condition was set based on measured water contents .An atmospheric boundarycondition and free drainage condition was imposed at the soil surface and bottom boundary of the flow domain , respectively .
Results In general , the simulated water contents agree well with the measurements in all four plots .This is exemplified by the treatmentUG ７９ during the growing period in ２００６ ( Figure １) .The increases in water content at ５ cm and ２０ cm depth after rainfall werepredicted reasonably well .However , the model underestimated the water contents at ４０ cm depth .Af ter model calibration andvalidation , water household components for the four plots were calculated ( Table １ ) .In comparison with the two ungrazedsites , winter grazing did not show clear effects on the water household components , while heavy grazing remarkably decreasedsoil water storage by ２５％ ～ ４５％ , interception by ５０％ ～ ５５％ and transpiration by ２０％ ～ ３０％ , and increased evaporation by
２５％ ～ ４０％ , runoff by １００％ ～ ３００％ and drainage by １００％ ～ ２００％ .

Figure 1 Comparison o f simulated and measured soil
moisture in UG 79 during the grow ing period in 2006 .

Table 1 W ater household components during the grow ing periods
in 2004‐2006 simulated w ith H ydrus‐1D ( in mm ; P :
Precip itation ,I :Intercep tion ,T :transp iration ,E :Evaporation ,
S :W ater storage change ,D :Drainage ,and R :Runo f f ) .
Year T reatment I T E S D R errors
２００４  UG７９ 拻１６ 90畅３ １７１ SJ畅０ １０６ Y.０ ‐２３ Z.６ １ A.１ １ H.７ ２ O.５

UG９９ 拻１５ 9.２ １６６ S.０ １１３ Y.２ ‐２０ Z.１ ３ A.２ １ H.６ ‐４ \.１
( P ＝ ２７５ ]WG １４ 9.７ １５４ S.０ １１５ Y.３ ‐１８ Z.０ ４ A.０ ４ H.１ ０ O.９
mm) HG ７ &.１ １３１ S.２ １４１ Y.８ ‐２１ Z.１ ６ A.５ ５ H.５ ４ O.０
２００５  UG７９ 拻１４ 9.８ ９０ @.４ ７３ F.８ ‐２９ Z.５ １ A.３ ０ H.３ ‐４ \.１

UG９９ 拻１４ 9.４ ８２ @.４ ７５ F.６ ‐２３ Z.４ １ A.７ ０ H.２ ‐３ \.９
( P ＝ １４７ ]WG １３ 9.２ ７９ @.７ ８６ F.１ ‐２９ Z.２ １ A.３ ０ H.２ ‐４ \.３
mm) HG ６ &.６ ６５ @.３ １０４ Y.６ ‐３３ Z.６ ５ A.７ ０ H.４ ‐２ \.０
２００６  UG７９ 拻１８ 9.３ １３１ S.４ １１０ Y.８ ‐１９ Z.５ １ A.８ １ H.０ ‐１ \.８

UG９９ 拻１７ 9.４ １１７ S.５ １０９ Y.３ ‐３ G.３ １ A.５ ０ H.７ ‐１ \.１
( P ＝ ２４２ ]WG １６ 9.３ １０３ S.６ １１６ Y.２ ５ :.９ ０ g１ H.７ ‐１ \.７
mm) HG ８ &.２ ７１ @.９ １５７ Y.７ １ :.８ １ A.０ ５ H.１ ‐３ \.７

Conclusions HYDRUS‐１D model revealed the impact of grazing on water budgets .We conclude that intense grazing increasedsoil evaporation and reduced plant available water , consequently reduced grassland productivity .
Reference
搽im闭unek , J . , Sejna , M . , van Genuchten , M . Th . , １９９８ . The HYDRUS‐１D software package for simulating the onedimensional movement of water , heat , and multiple solutes in variably‐saturated media .Version２ .０ .IGWMC‐TPS‐７０ .Int .Ground Water Modeling Center , Colorado School of Mines , Golden .
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Research on the remote sensing monitoring ecological environmental changes in Hulun Lake Area
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Key words : Hulun Lake , remote sensing monitoring , area , vegetation index , EOS /MODIS
Introduction Hulun Lake is the biggest natural lake in Inner Mongolia Autonomous Region , its water area is the key factor forsustaining Hulunbeier grassland safety .As a way to determine the ecological changes of Hulun Lake , the Satellites and RemoterSensing Monitoring Centre of Inner Mongolia Meteorological Bureau has monitored the Hulun Lake and surrounding area since
１９９９ by using NOAA and EOS /MODIS satellites .
Materials and methods Remote sensing images and data : The monitoring NDVI data are free , are provided by NOAA /AVHRRand can be downloaded from USGS/ EROS data centre in America .Its space resolving rate is １ km２ , timing resolving rate is onemonth , and timing sequence is ２００２‐２００５ .The MVC method (Maximum Value Composites) was used , which eliminates partialinterference from clouds and atmosphere .The area of Hulun Lake from １９９９‐２００５ is calculated by using EOS/MODIS satellitechannel ２ to make ２５０ meter single channel sphere projections and also using rectangle and polygon function of MODIS satelliteimage sof tware , and drawing a closing curve along the lake and calculated the area ( the lake area data of １９９９ is calculated byNOAA satellite data .) .
Results and discussion The monitoring results on changing of Hulun Lake area : The area of Hulun Lake in １９９９ was ２３７０ km２ ,it is the largest area on record .However , the area is fluctuating , decreasing year by year .The area in August ２００５ was only
１８８５ km２ .The comparison result of lake area in satellite image data shows the Hulun lake joined with new Dalai lake in １９９９
( Figure １) .However , from the remote sensing image data in ２００５ ( Figure ２) , we can clearly see that the dissociated new DalaiLake had already dried up .It shows the trends of declining Hulun Lake water .The monitoring result on vegetation changesaround Hulun Lake : As figures ３ and ４ show , by comparing statistical data of unitary vegetation grading index around HulunLake in ２００２ and ２００５ , the area of grade １ ～ ６ vegetation index ( NDVI) was ９７９９ km２ and ３１４６３ km２ , respectively and the areaof grade ７ ～ H vegetation index was ３６０２４km２ and １４３４９ km２ in ２００２ and ２００５ , respectively .It tells us that from ２００２ to ２００５ ,the ecological environment has degraded to some extent , with a decrease of good vegetation density and increase of degraded
pasture area .

Figure 1 The NOAA‐１４ monitoring image o f
H ulun L ake in A ugust １９９９ .

Figure 2 TERRA satellite monitoring image o f
H ulun Lkae in A ugust ２００５ .

Figure3 Vegetation index around H ulun L ake in
A ugust ２００２ .

Figure4 Vegetation index around H ulun L ake in
A ugust ２００５ .

Conclusions Comparison of remote sensing images and data of Hulun Lake , show the Hulun Lake area has decreased andsurrounding lake vegetation has deteriorated severely .
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Effects of single irrigation on yield andWUE of siberian wildrye grass in agro‐pastoral transition
zone of China

Hao W ang , Ziz hong L i , Zhongyan W ang , Ding H uang
College o f Resources and Env ironmental Sciences , China A gricultural University , Bei j ing 100094 , China ,
E‐mail : z iz hong＠ cau .edu .cn

Key words : Irrigation ; siberian wildrye grass ; yield ; water use efficiency ; agro‐pastoral transition zone of China
Introduction The recent studies showed that deficient irrigation increased water use efficiency ( WUE) whereas full irrigationdecreased it ( Waldron et al . , ２００２ ) . Recent research on the relationship between forage dry matter yield and totalevapotranspiration ( ET ) showed linear and curvilinear relationships ( Nielsen et al .２００６ ) .Irrigating in the elongating stageincreased the grow th of siberian wildrye grass significantly , and forage yield could benefit .
Materials and methods The field experiment was conducted on the Yu摧ershan Demonstration Pasture of China AgriculturalUniversity in Bashang Plateau in the typical agro‐pastoral transition zone of China ( １１６°１１′E , ４１°４５′N , elevation of １４６０ m)during ２００２‐２００４ .The treatments included : no irrigation ( NI ) , full irrigation ( FI) and single irrigation in the key growingstage ( KI) .

　 　 Figure 1 The yield response f unction and the relationship
between WUE and total ET .

Results Although forage yield of irrigated treatments weremuch larger than that of NI , differences were notsignificant between FI and KI ( Table １ ) .WUE could beincreased by irrigation and the effect of KI was better thanthat of FI . It was obvious that water can be usedsufficiently in KI .FI with lower WUE would be morecostly and waste of water resources .Regression analysisshowed that forage yield and WUE were significantlyrelated t ET with quadratic responses ( Figure １ ) , the R２

was ０ .８５ and ０ .５８ , respectively .
Conclusions Forage yield of KI reached about ９０％ of FIwith only ３０％ of the irrigated water .KI was a betterirrigation schedule in semiarid areas .The yield responsefunction and the relationship between WUE and total ETwere significant and quadratic .

Table 1 The evapotransp iration ( ET ) , f orage yield and w ater use e f f iciency (WUE) 倡

Year T ET ( mm) Yield ( kg ha‐１ ) WUE ( kg m‐３ )
２００２

２００３

２００４

NI
FI
KI
NI
FI
KI
NI
FI
KI

２８８ g.０ ± ４ .２ a
３８７ .２ ± ２０ .１ c
３４０ .５ ± １１ .４ b
２８９ .６ ± ６ .５ a
４４０ .０ ± １６ .３ c
３３３ .０ ± ８ .３ b
２７２ .８ ± ４ .７ a
３８０ .２ ± ６ .９ c
３４３ .５ ± ９ .９ b

２９７０ �.０ ± ７７ .９ a
６５２０ .０ ± １７１ .５ c
５７２５ .０ ± １７７ .８ b
２４００ .０ ± ８１ .６ a
７１３３ .３ ± ３４７ .２ c
６２３０ .０ ± １６０ .６ b
３５５３ .６ ± ３７０ .３ a
６４８９ .１ ± ８０３ .６ b
６３３３ .３ ± ７７５ .９ b

１ Z.０ ± ０ .０ a
１ .７ ± ０ .１ b
１ .７ ± ０ .１ b
０ .８ ± ０ .０ a
１ .６ ± ０ .０ b
１ .９ ± ０ .１ c
１ .３ ± ０ .１ a
１ .７ ± ０ .２ ab
１ .８ ± ０ .２ b

倡 T : treatment .Values followed by the same letter within a column are not significantly difference at p ＝ ０ .０５ .
ReferenceNielsen , D .C . , Vigil , M .F . , Benjamin , J .G .(２００６) .Forage yield response to water use for dryland corn , millet , and triticalein the central Great Plains .A gron .J .９８ , ９９２‐９９８ .Waldron , B .L . , Asay , K .H . , Jensen , K .B .( ２００２ ) .Stability and yield of cool‐season pasture grass species grown at fiveirrigation levels .Crop Sci . ４２ , ８９０‐８９６ .
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The effects of stocking rate and corn gluten supplemental feed on the performance of young beef
cows
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Key words :Beef cow , stockpiled forage , corn gluten feed
Aim A winter grazing experiment was conducted to evaluate the effects of stocking rate and corn gluten feed supplementation onforage mass and composition and the BW and BCS of bred ２‐yr‐old cows grazing stockpiled forage during winter .
Methods Two １２ .２‐ha blocks containing Fawn , endophyte‐f ree , tall fescue and red clover were each divided into ４ pastures of
２ .５３ or ３ .５４ ha .Hay was harvested from the pastures in June and August of ２００５ and ２００６ , and N was applied at ５０ .５ kg / haat the initiation of stockpiling in August .On October ２２ , ２００５ , and October ２０ , ２００６ , twenty‐four ３０‐mo‐old Angus‐Simmental and Angus cows were allotted by BW and BCS to strip‐graze for １４７ d at ０ .８４ or １ .１９ cow / ha .Eight similar cowswere allotted to ２ dry lots and fed tall fescue‐red clover hay ad libitum .Corn gluten feed was fed to cows in ２ pastures tomaintain a mean BCS of ５ (９‐point scale) at each stocking rate and in the dry lots ( high supplementation level) or when weatherprevented grazing ( low supplementation level) in the remaining ２ pastures at each stocking rate .
Results Mean concentrations of CP in yr １ and ２ and IVDMD in yr ２ were greater ( P ＜ ０ .１０) in hay than stockpiled forage overthe winter .At the end of grazing , cows fed hay in dry lots had greater ( P ＜ ０ .０５ ) BCS in yr １ and greater ( P ＜ ０ .１０) BW inyr ２ than grazing cows .Grazing cows in the high supplementation treatment had greater ( P ＜ ０ .１０) BW than cows grazing atthe low supplementation level in yr １ .Cows in the dry lots were fed ２ ,５６５ and ２ ,１５８ kg of hay DM /cow .Amounts of corn
gluten feed supplemented to cows in yr １ and ２ were ４６ and ６０ kg / cow and did not differ ( P ＝ ０ .３３ , yr １ ; P ＝ ０ .５０ , yr ２ )between cows fed hay or grazing stockpiled forage in either year .
Conclusion Estimated production costs were greater for cows in the dry lots because of hay feeding .
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Use of benthic macroinvertebrates as indicators of water quality in River Njoro , Kenya
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Key words : benthic macroinvertebrates , physicochemical parameters , anthropogenic activities , tolerant taxa , impacted sites ,effluents
Introduction Unsustainable anthropogenic activities , including intensive agriculture and grazing along River Njoro has resultedin the deterioration of river water quality . The river is the most important source of freshwater for the riparian communities andthe Lake Nakuru , a Ramsar site . The study was done in order to determine the water quality in the middle reaches of RiverNjoro using benthic macroinvertibrates assemblage as an indicator of water quality .
Materials and methods Benthic macroinvertebrates were sampled using a modified Hess sampler , with area of ２ .７dm２ and
１００μm mesh size . Samples were preserved in １０％ formalin , and then washed through ２５０μm and １００μm mesh size sieves .They were sorted out by a stereomicroscope and identified to family level . Physicochemical variables were measured usingJenway Electrochemical analyzer . Three replicates were collected per site on each sampling occasion .Taxa encountered wereenumerated , density calculated as individuals per decimeter square ( Ind/ dm２ ) .Species Richness was estimated using theMargalefs Index (Brower et al , １９９０) .
Results Species richness showed significant dependence on organic nitrogen ( r２ ＝ ０ .６１ ) and total phosphorus was negativelycorrelated to species richness . There was an increasing trend of concentration of nutrients from the upstream sites to thedownstream sites . Chironomidae , Oligochaete , Moina sp and Cyclopoidae were characteristic of the impacted sites . Potamon
sp . , Orthotrichia sp . , Ecdyonurus sp . and Catenula sp . were present at the upstream sites but absent from all sites receivingeffluents .
Discussion This study shows that seasonality and effluent discharge have a strong influence on the physicochemical andbiological characteristics of the middle‐reaches of River Njoro .The major sources of nutrients in the River Njoro are the pointsources . These have modified the physicochemical characteristics of the river leading to a reduction or exclusion of seeminglyintolerant benthic macroinvertebrates and leading to the proliferation of a few tolerant species Chironomidae and Oligochaetae .
Conclusion The close association observed between the physicochemical parameters and the benthic macroinvertebrates implythat the latter can be used to monitor the water quality and in detecting unacceptable impacts .
ReferenceBrower , J . E , J . H Zar and C . N Von Ende . １９９０ . Field and Laboratory Methods for General Ecology . W . M . C . BrownPublishers .
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The examination of grazing intensity effects on capability of water influence in rangelands soil
— a case study : alpine rangelands in north of Iran(Alborz mountains)
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Key words : range ,permeability ,watercycle
Introduction The goal of this research摧s is knowing the mechanical impacts of livestock trampling under it摧s weight pressure onreduction of the water influence on rangelands soil and giving an application coefficient which indicate the quantitative relationbetween the intensity of livestock grazing and the amount of water influence in rangelands soil .
Materials and methods In regions with different intensity of grazing but homogenous and completely resemble in another aspectslike : slop ,soil ,vegetation type ,height ,aspect and etc .Three area separated as follow : １‐ Reference area ２‐ Key area ,３‐ Criticalarea .The vegetation inventory and sampling performed accidentally by especial plots and then the amount of water influence insoil ,measured by double rings method ,with suitable frequency .The comparisons in second ,ninth ,２０th , ５０th and ９０

th minutesafter beginning of soil permeability experiment were realized and results recorded .
Results In all of mentioned times the speed of instant and extreme soil permeability in reference area is more than key and criticalareas ,for example in ９th minute in reference area the speed of water influence in compare with key area is more than ３５ .２ ％ andin compare with critical area it摧s more than ６７ .７ ％ .The other comparisons has shown in lower tables .
Table 1 The in f luence comparison in key re f erence and
critical regions .
Minutes of
influencing Reference Key Critical

D I D I D I
２ }３ 缮.５９ ５  .９ ２ a.１ ３ ⅱ.６ ０ 舷.７８ １  .６
９ }８ 揶.２ ３ H５ 妸１ ⅱ.９ ２ 舷.２８ ０ 篌.９７
２０ 憫１２ 蝌.７ ２  .０９ ７ a.９ １ ⅱ.４ ３ 沣.８ ０ 篌.７３
５０ 憫２１ 蝌.１ １  .３８ １３ u.６ ０ 崓.９６ ６ 沣.８ ０ 篌.５８
９０ 憫２９ 蝌.１ １  .０６ １９ u.３ ０ 崓.７５ ９ 沣.９ ０ 篌.４２

Table 2 The percent o f reduction o f coe f f icients in
Momentary A nd accumulative equations .

Critical to key ５９％ reduction
A Critical to reference ７７ v.３％ reduction

Key to reference ４３ v.９％ reduction
Critical to key ５５ v.７％ reduction

B Critical to reference ７３ v.５％ reduction
Key to reference ４０ v.１％ reduction

RE％ ＝
Ix i － Iy i

Ix i
１００

倡 RE ＝ Rational error ( y range in compare with x range) ,Ix ＝ Instant permeability in considered
time in x range ,Iy ＝ Instant permeability in considered time in y range
Conclusion the amount of coefficients of the equations of momentary and accumulative influencing shows a reduction in changingthe rangelands from reference to the key and critical situation for the type of plant and the same soil texture by using thereceived data and formulas for three under experiment regions ( reference ,key and critical ) .At the result the amount ofmomentary and accumulative influencing has had a noticeable rational reduction that have been shown in Table ２ .The ( A )coefficients undoubtedly have been effected in vegetation that the other factors can focus that such as soil compacting .What iscertain is that the factor of vegetation had been the cause of the changing of effecting characteristics alone ,but several factorseffect in relation with the vegetation and soil摧s environment and at the all these factors can effect on the speed of momentary ,accumulative and extreme influence .
ReferenceCaissie ,D ; El‐Jabi ,N .A .( １９９１ ) Stochastic study of floods in Canada : frequency Analysis and Regionalization .Can .j .CivilEng .Vol .１８ P .２２５‐２３６ .Vahabi ,M (２００１) �Water influence characteristics examination & comparison in game preserved & under grazing rangelands inFereidan region ,Isfahan province ,Iran" .natural resources journal ,vol ５４ No １ .
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Study of effects of irrigation with waste water on growing season of bromus tecrum

Naf iseh Taghav i1 ,Mohammad Jaaf ari2
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naf iseh taghav i＠ yahoo .com

Key words :waste water‐Heavy metals‐Growing season‐Bromus tectrum

Introduction Because limited sources of water in Iran water outgoing of refinery is used for irrigation purposes In some places .Quality of such these waters and their effects on plants is under doubt .Mahdavi ( １ ) says that concentration of materials inirrigation water even very small amounts , Has an important role in agriculture and drinking .Rahmati measured chromeconcentration in treated waste water outgoing of Irandocharkh Industrial unit .results showed that chrome concentrarion insamples is about １５ mg / lit ,while its standard level is １ mg / lit It can be concluded that that there are probabilities of presence ofheavy metal pollutants in iriigation by waste water that may srore in plant body .Additionally effects of using waste water on
growing characteristics and forage must be studied .
Materials and methods Sample site is located in downward of refinery of industrial city of Alborz in Qazvin province in Iran ,witharea over than ２８１２５ ha .It has piedmont plains with gentle slope that has northern to southern direction .Soil is deep ,fine withcalcic horizone .( Calcic cambisols ) Dominant species is Bromus tectrum that is under grazing by about ４００ to ５００ livestockdailyThere afre two kinds of land downward of refinery ,farming lands and rangelands ,Animals graze rangelands from latewinter to summer and in rest of the year they consume residuals of previous farming season .There are good sources of mineralsin waste water so farmers don摧t need to consume any manure Except to nitrate manure That is consumed ６ bag per hectar ( ３００kg / ha) .Refined waster water go out of refinery after apllying ordinary methods of refining .Because presence of slope in landsall of waste water will go to downward .
Sampling and data gathering Bromus tectrum samples were gathered Three times in growing season using randomized‐Systematicmethod .First time was in vegetative duration in last week of February ,The second was in flowering duration in May and thethird time was in seedling stage in june .Main road was selected as base line .plants were cut to height animal grazes using square
plot and this procedure was done every １０００ meters ,then samples were moved to rhe lab after drying .Concentration of lead ,zincand nickel was measured each time .Results were studied by SPSS software( version １２ ) and ANOVA method was applied forthis purpose .Additionally in each plot total amount of plants was gathered and was compared with similar plots in lands nearthese place without consuming waste water .They were dried and their weight in kg was measured .
Results and discussion Results showed that absorbed amounts of heavy metals in Bromus tectrum body is significantly more thanits standard levels .Additionally there is significant differences between concentrion of these heavy metals during growingseason .From beginning to End of growing season ,concentration of heavy metals decreases .This kind of decrease can be a resultof increasing precipitation in last month of winter .It seems that using waste water to irrigation of rangelands doesn摧t have a badeffect on their growing characteristics .Each Bromus length is quite normal and total volume of plants in each plot is not lessthan similar plots in lands near this region that don摧t consume waste water .these lands owners are satisfied Of consuming thiskind of water ,they say that their costs for apllying manure Is less than other owners .because they don摧t have to consume it fortheir lands .but main problem has located in plant body where hazardous amounts of Heavy metals are 爥 will be directlyconsumed by animals .
Conclusion As was shown before if pollutant concentration in irrigation water be higher than standard levels its residuals will bestored in plant body and will be consumed by animal directly so it will be seriously hazardous .As materials like heavy metalsdoesn摧t decrease during ordinary ways of refining ,It seems that only absolute way to decrease them is biological way .In thismethod ,enough amounts of some biomasses like fungies and some special kinds of bactries ,sea weeds and even wood residualsare added to waste water af ter its ordinay refining . .As some heavy metals structure is like metals like Calcium so this biomassesmay consume them as their food and destroy themselves .this biological method is so expensive for large scales of waste water somaybe many of managers decides not to apply that .
ReferencesMahdavi ,M ,２０００ .Applied Hydrology .Iran :Tehran University , .３８０‐３８５ .Mesdaqi ,M ,１９９９ .Rangemanagement in Iran .Iran :Emam reza university , .１５７‐１６４ .
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Carbon stocks and environmental controls of China摧s grasslands
Jingyun Fang , Yuanhe Y ang , Wenhong Ma , and A nwar Mohammat
Department o f Ecology , and Key L aboratory f or Earth Sur f ace Processes o f the M inistry o f Education ,Peking University ,
Bei j ing 100871 , China
E‐mail : j y f ang＠ urban .pku .edu .cn

Abstract Ecosystem carbon stocks in the northern grasslands play an important role in the global carbon cycles ; however , littleinformation on those is available for China摧s temperate and alpine grasslands . During the last five years from ２００１ to ２００５ , weconducted large‐scale field campaigns to investigate biomass carbon stocks and soil organic carbon ( SOC ) storage for these
grasslands . We have collected ９７８ soil profiles and １７００ biomass plots from ３２６ sites across the regions ( including Qinghai ,Tibet , Inner Mongolia , and Xinjiang ) . Over the whole area with １８５ × １０

４ km２ , the biomass carbon stock was estimated at
５３６ .１ Tg C (１ Tg ＝ １０

１２ g ) with a mean biomass density of ４１ .８ g C m‐２ for aboveground and ２４６ .０ g C m‐２ for belowground ,and SOC storage in the top １ meter was estimated at １４ .９ Pg C ( １ Pg ＝ １０
１５ g ) , with an average density of ８ .０ kg C m‐２ .Generalized linear model analysis showed that region , climatic variables and soil texture together explained ５０％ of totalvariance in biomass and about ７０％ of that in SOC density . Of the variables examined , water availability explained the largestproportion ( ～ ２５％ and ６０％ ) of the biomass and SOC variation . Our results suggest an important control of water availabilityon plant production and soil carbon storage in China摧s grasslands .

Key words : aboveground biomass , alpine grasslands , belowground biomass , soil organic carbon , temperate grasslands .
Terrestrial ecosystems in middle and high latitudes of the Northern Hemisphere have functioned as carbon ( C ) sinks foratmospheric CO２ over the past ２０ years ( Schimel et al . , ２００１) , but such evidence mainly comes from forest ecosystems ( Fang
et al . , ２００１ ; Myneni et al . , ２００１) . Grassland covers nearly １ /３ of China摧s total territory (Department of Animal HusbandryVeterinary , １９９６) . Therefore , accurate estimation of C stocks in China摧s grasslands is critical for precise evaluation of China摧sterrestrial C cycling and sustainable use of China摧s grassland resources ( Piao et al . , ２００７) .
During the past １０ years , biomass C stocks in China摧s grasslands have been evaluated using the data from resource inventory( Fang et al . , １９９６ ; Ni , ２００４ ) , global biomass database ( Ni , ２００２ ) , field measurements ( Luo et al . , ２００２ ) , and satellite‐based statistical model ( Piao et al . , ２００７) . Similarly , soil organic carbon ( SOC) storage in China摧s grasslands has also beenestimated using the data either from China摧s national soil survey ( Fang et al . , １９９６ ; Wang et al . , ２００３ ; Wu et al . , ２００３) orglobal soil database ( Ni , ２００２) . However , large uncertainties still exist in these studies due to the lack of field observations inbelowground biomass ( Ma et al . , ２００８) and the small number of soil profiles from the Tibetan Plateau and other northwesternregions in the second national soil survey ( Yang et al . , ２００７ ) . Overcoming these shortages is the key for the accurateestimation of C storage in China摧s grasslands .
During the summers ( July and August) of ２００１‐２００５ , we conducted five‐year field sampling campaigns across the grassland�regions ( including Qinghai , Tibet , Inner Mongolia , and Xinjiang ) and collected １７００ biomass plots and ９７８ soil profiles from
３２６ sites . Using these data , we estimated biomass and SOC storage in China摧s grasslands and further analyzed theirrelationships with environmental factors .
Materials and Methods

Large‐scale biomass survey We sampled ３２６ sites across the grassland regions during the summers ( June to August) of ２００１‐
２００５( Figure １) . At each site (１０ × １０ m) , all plants in five plots ( １ × １ m) were harvested to measure aboveground biomass( AGB) . Either three soil pits of ５０ × ５０ cm or nine soil cores with the diameter of ８ cm at depth intervals of １０ cm tomaximum soil depth were sampled to determine belowground biomass ( BGB) ( For details , see Ma et al . , ２００８ ) . Live rootswere distinguished by their color , resiliency and attached fine roots ( Vogt and Persson , １９９１ ) . Biomass samples were oven‐dried at ６５ ℃ to constant mass , and weighed to the nearest ０ .１ g . To compare with previous studies , biomass was convertedinto C content using a conversion factor of ０ .４５ ( Piao et al . , ２００７) .
Field soil investigation and laboratory analysis We sampled ９７８ soil profiles from the ３２６ sites ( i .e .３ soil profiles at each site)in the grasslands by the five field sampling campaigns ( Figure １ ) . At each sampling site , three soil pits were excavated tocollect samples for analyses of physical and chemical properties . For each pit , soil samples were collected at depths of ０‐１０ ,１０‐
２０ , ２０‐３０ , ３０‐５０ , ５０‐７０ , and ７０‐１００ cm ( For details , see Yang et al . , ２００８ ) . Soil samples for C analysis were air‐dried ,sieved (２ mm mesh ) , handpicked to remove fine roots , and then ground on a ball mill . Soil organic carbon ( SOC ) wasmeasured using the wet oxidation method ( Nelson and Sommers , １９８２ ) . Soil texture in Tibetan soils was determined by aparticle size analyzer ( Mastersizer ２０００ , Malvern , UK) after removal of organic matter and calcium carbonates , while that inother soils was derived from a digitized map of soil texture of China (Deng , １９８６) .
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SOC estimation We calculated SOC density for different depth intervals for each soil profile using Eq . １ (３０ and １００ cm) .
SOCD ＝ ∑

n

i ＝ １

Ti × BDi × SOCi × (１‐Ci ) /１００ (１ )
where SOCD , Ti , BDi , SOCi , and Ci are SOC density ( kg C m‐２ ) , soil thickness ( cm) , bulk density ( g cm‐３ ) , soil organiccarbon ( g kg‐１ ) , and volume percentage of the fraction ＞ ２ mm at layer i , respectively .
Climate data and grassland types Mean annual temperature ( MAT ) and annual precipitation ( AP) data at a resolution of ０ .１
× ０ .１ degrees were complied from the climate database of China during １９７０‐１９９９ ( Piao et al . , ２００３ ) . Information on thedistribution of grassland types was extracted from Vegetation Map of China with a scale of １ : １ ,０００ ,０００ ( Chinese Academy ofSciences , ２００１) . Based on China摧s vegetation classification system , we divided China摧s northern grasslands into six types :alpine steppe , alpine meadow , desert steppe , typical steppe , meadow steppe , and mountain meadow .
Statistical analysis Regression analyses were conducted to evaluate the relationships between biomass/ SOC density and MAT ,AP , soil moisture , and soil texture . The general linear model ( GLM ) was used to assess integrative effects of region ( Qinghai‐Tibetan Plateau , Inner Mongolia , and Xinjiang ) , MAT , AP , grassland type , soil moisture , and silt content on biomass andSOC density . All analyses were performed using the software package R ( R Development Core Team , ２００５) .
Results

Regional distribution of biomass and SOC storage Biomass and SOC storage exhibited large differences among different regions( Table １) . The highest biomass and SOC density was observed in Xinjiang (４０９ g C m‐２ and １２ .１ kg C m‐２ ) , while the lowestin Tibet (１５５ .８ g C m‐２ and ４ .８ kg C m‐２ ) . The biomass stocks of Qinghai was largest (１５９ .５ Tg) , accounting for about １ /３of the total stocks . Moreover , the contribution of Qinghai ( ４ .８ Pg ) to total SOC storage was the largest among the fourregions , accounting for about １ /３ of the total storage . Xinjiang stored the lowest biomass and SOC ( １０８ .３ Tg and ３ .２ Pg ) ,mainly due to its small grassland area . Overall , total biomass and SOC storage in the study area was estimated at ５３６ .１ Tg and
１４ .９ Pg , with the average density of ２８９ .１ g C m‐２ and ８ .０ kg C m‐２ , respectively .
Relationships between C density and env ironmental f actorsBiomass in China摧s grasslands did not show any significant trend with MAT ( P ＞ ０ .０５) , but significantly increased with AP( P ＜ ０ .０５) . Biomass in China摧s grasslands was positively correlated with moisture ( P ＜ ０ .０５) . In addition , biomass in alpinegrasslands significantly increased with silt content ( P ＜ ０ .０５) , but that in temperate grasslands did not show any significanttrend . SOC density in temperate grasslands significantly decreased with MAT , while that in alpine grasslands showed weakincreasing trend with MAT ( P ＜ ０ .０５ ) . SOC density in China摧s grasslands increased with both AP and moisture ( P ＜ ０ .０５ ) .Additionally , SOC density in alpine grasslands was positively correlated with silt content ( P ＜ ０ .０５) , while not in temperategrasslands . GLM analysis showed water availability explained the largest proportion ( ～ ２５％ and ６０％ ) of the biomass andSOC variation ( Table ２) . Region and grassland type could explain １５％ ‐２４％ of the variation in biomass and ４％ of that in SOCdensity . Overall , environmental variables could explain about ５０％ and ６９％ of the overall variation in biomass and SOCdensity , respectively .
Discussion
Size o f biomass and SOC storage in China摧s grasslands Our results of biomass density are largely different from earlierestimates ( Table ３ ) . AGB in this study was about ３０％ higher than those estimated by Ni ( ２００４ ) , which was based on theforage field data . In addition , AGB in temperate grasslands was ３０％ larger and that in alpine grasslands was １０％ lower thanestimate of Piao et al . (２００７) , which were derived from a satellite‐based statistical model . These discrepancies may be due tothe different data source or estimation method ( Ma et al . , ２００８ ) . Moreover , larger difference in BGB (‐１０５％ ‐３８ .５％ ) wasobserved between Piao et al . (２００７) and this study , due probably to a large error in the R : S ratios used in the previous studies( Mokany et al . , ２００６) .
SOC density in this study significantly differed from the previous estimates ( Table ３ ) . Our values of SOC density were muchlower than those estimates based on global SOC database ( e .g . Ni , ２００２ ) , indicating that the global database is unlikelysuitable for investigating detailed soil carbon stocks for a region . Moreover , large differences existed between our estimates andthose derived from the national level ( e .g . Wu et al . , ２００３ ; Yang et al . , ２００７ ) , possibly due to the small number of soilprofiles from the Tibetan Plateau and other northwestern regions in the second national soil survey ( Yang et al . , ２００７) .
Ef fects of environmental f actors on biomass and SOC storage The relationship between AGB and precipitation obtained inalpine grasslands was similar with that observed in temperate grasslands . However , precipitation‐use efficiency ( the slope ofthe AGB‐precipitation relationship ) observed in alpine grasslands ( ０ .０８ g C m‐２ mm‐１ ) was lower than that in temperategrasslands ( ０ .２３ g C m‐２ mm‐１ ) . The difference may be derived from different grow th‐limiting factors in temperate and alpinegrasslands . AGB in temperate grasslands was strongly influenced by the amount and distribution of precipitation ( Sala et al . ,
１９８８) , but in alpine grasslands it was also constrained by low temperature , especially at high precipitation levels ( Fang et al . ,
２００５ ; Kato et al . , ２００６) .
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Significant linear relationships were observed between SOC density and AP ( P ＜ ０ .０１ ) , and between SOC density and soilmoisture ( P ＜ ０ .０１ ) . Further , water availability explained the largest proportion ( ～ ６０％ ) of the SOC variation . Theseresults suggest that water availability could stimulate plant production and thus contribute to the accumulation of SOC in awater‐limiting area (Wynn et al . , ２００６ ) . A similar relationship between SOC density and water availability has also beenobserved in other temperate regions , such as in the Great Plains of the United States ( Burke et al . , １９８９ ) and Australia(Wynn et al . , ２００６ ) , implying that water availability may be a powerful variable for predicting SOC density across broadbiogeographic regions .
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Table 2 Summary o f the results obtained f rom a general linear model (GLM ) , show ing the integrative e f f ects o f region ,
MA T , A P , grassland ty pe , soil moisture , and soil tex ture on AGB , BGB , and SOCD in the top ３０ cm .

df MS F P SS％
AGB
Region ２ A９ 吵.２ ２４ �.７ ＜ ０ >.０１ ８ 揪.４
MAT １ A８ 吵.４ ２２ �.５ ＜ ０ >.０１ ３ 揪.８
AP １ A５７ 适.９ １５５  .６ ＜ ０ >.０１ ２６ 照.４
Moisture １ A６ 吵.５ １７ �.６ ＜ ０ >.０１ ３ 揪.０
Grassland type ４ A３ 吵.４ ９ 邋.１ ＜ ０ >.０１ ６ 揪.２
Silt １ A１ 吵.０ ２ 邋.８ ０ 殚.０９６ ０ 揪.５
BGB
Region ２ A１２ 适.６ ３５ �.７ ＜ ０ >.０１ １４ 照.３
MAT １ A２ 吵.５ ７ 邋.１ ＜ ０ >.０１ １ 揪.４
AP １ A４１ 适.６ １１７  .５ ＜ ０ >.０１ ２３ 照.５
Moisture １ A１ 吵.０ ２ 邋.７ ０ 殚.１０１ ０ 揪.５
Grassland type ４ A３ 吵.８ １０ �.８ ＜ ０ >.０１ ８ 揪.６
Silt １ A２ 吵.５ ６ 邋.９ ＜ ０ >.０１ １ 揪.４
SOC
Region ２ A１ 吵.０ ５ 邋.８ ＜ ０ >.０１ １ 揪.２
MAT １ A４ 吵.３ ２５ �.０ ＜ ０ >.０１ ２ 揪.７
AP １ A５４ 适.８ ３１８  .０ ＜ ０ >.０１ ３４ 照.０
Moisture １ A３８ 适.２ ２２１  .７ ＜ ０ >.０１ ２３ 照.７
Grassland type ４ A１ 吵.０ ５ 邋.７ ＜ ０ >.０１ ２ 揪.５
Silt １ A７ 吵.７ ４４ �.９ ＜ ０ >.０１ ４ 揪.８
Notes : Biomass and SOC data were log１０‐transformed before analysis . df : degrees of freedom ; MS : mean squares ; SS :
proportion of variances explained by variable .
Table 3 Comparison o f biomass and soil organic carbon ( SOC) density w ith p rev ious studies . A S : alp ine step pe ; AM : alp ine
meadow ; DS : desert step pe ; TS : temperate step pe ; MS : mountain step pe ; MM : mountain meadow .

Grasslandtype
AGB ( g C m‐２ ) BGB ( g C m‐２ ) SOCD ( kg C m‐２ )

This study Ni et al . ,
２００４ -Piao et

al . , ２００７ 珑This study Piao et
al . , ２００７ 缮This study Ni etal . , ２００２ *Wu et

al . , ２００３ 殮Yang et
al . , ２００７ 媼

AS ２４ e.３ １２ V.８ ２８ F.９ １３２ N.９ ２７２ ?.８ ５  .２ １７  .０ ７ 忖.５ ４ 佑.７
AM ４９ e.７ ３９ V.７ ５３ F.２ ３５１ N.２ ４２１ ?.０ １１  .２ １８  .２ １６ �.７ １３ 觋.４
DS ２９ e.８ ２０ V.５ １９ F.６ １８２ N.２ １９７ ?.６ ４  .６ ８ 蝌.７ ４ 忖.８ ４ 佑.１
TS ５９ e.２ ４０ V.０ ４１ F.２ ３１９ N.０ ２７８ ?.４ ８  .０ １２  .３ ９ 忖.５ ９ 佑.９
MS ８５ e.４ ６５ V.９ ６５ F.２ ５５７ N.３ ３４３ ?.０ １３  .７ １１  .２ １２ �.９ １１ 觋.３
MM ８７ e.８ ７４ V.２ ４８ F.７ ３３６ N.８ ３０３ ?.４ ２１  .９ １８  .２ ２０ �.０ ２０ 觋.５
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Figure 1 Locations o f ３２６ samp ling sites in China摧s grasslands at the background o f China摧s vegetation map . The samp ling
campaigns were conducted during the summers ( July and A ugust ) o f ２００１‐２００５ . The distribution o f grassland ty pes w as
derived f rom the vegetation map o f China w ith a scale o f １ :１ ,０００ ,０００ (Chinese A cademy o f Sciences , ２００１ ) .
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The climate change challenge for managed grasslands in New Zealand
Judy L aw rence
Director PSConsulting L td . , 115 Marine Drive , Point How ard , Lower H utt 5010 , New Zealand
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Key points :
１) New Zealand grassland systems were created by humans through land use changes of national proportions . This has broughtmany economic and social benefits , but at an increasing cost to the environment and people‐biodiversity loss , loss ofecosystems integrity , flood damage , soil loss and greenhouse emissions associated with livestock and pasture management .
２) Grassland systems will be affected by changing climate and climate variability . Farming systems will need to be adaptedcreating systems that are more resilient and able to withstand increased climate variability and extreme events .
３) New Zealand is introducing an emissions trading system to price carbon that seeks to drive behaviour change to reduceemissions and sequester carbon .
４) Complementary research is seeking to develop on‐farm solutions that can mitigate greenhouse gases through , rumenprocesses ; genomics for rumen CH４ production ; forage and plant inhibitors for diet manipulation ; animal factors ; andnitrification inhibitors .
５) The ability to respond to the climate challenge for managed grasslands lies with the people that have to implement thesechanges‐the farmers .
Key words : grassland systems , climate change , land use change , emissions trading system , research programme
Introduction

The climate change challenge for managed grassland systems is twofold . a ) to produce food in an increasingly efficient andenvironmentally sustainable way that minimises greenhouse gas emissions and/ or enhances carbon sinks ; b ) to adapt to anincreasingly variable and changing climate with more extreme events . New Zealand has been grappling with these parallel issuesthrough research , new technology implementation with some successes . This paper will outline where New Zealand grasslandsystems have come from ; why New Zealand agriculture greenhouse gas profile is unique for a developed country ; whatresponses have been made and are planned ; and how farmers are the key ingredient for making a paradigm shif t towards a moresustainable way of managing our land uses and agriculture systems .
Grassland systems impacts and benefits
Where we have come f rom Managed grassland systems globally have been created by humans , following land use change ofglobal proportions‐f rom forests , wetlands , native grasslands and alpine herb fields . New Zealand is no exception . In only １０００years , ５６％ of New Zealand摧s landscape and ecosystems have been transformed from forests and natural grasslands to themanaged grasslands and planted forests of today . Over the last ２００ years most of the accessible productive land has been clearedand modified for agriculture , horticulture and human settlements , with resulting loss of habitat and the introduction of pest
plants and animals ( Ministry for the Environment , ２００７a) . While ４４％ of New Zealand land area is still in native vegetation , itis mostly in hill and alpine areas ; low land and wetland habitats are under‐represented . However , New Zealand has ３２％ of itsland area both public and private , legally protected for conservation purposes , ( Ministry for the Environment , ２００７a) .
The impacts The land uses have changed over time between planted forests , extensive grazing of sheep to intensive beef anddairy farming and reversion of land and its re‐afforestation . These changes have been influenced by settlement patterns ,
government policies , world markets for the livestock products and climatic conditions . Some of these ongoing changes haveresulted in declines in land and soil integrity , increased hill country erosion and flooding , water quality degradation andincreased greenhouse gas emissions ( GHG) emissions from livestock (methane) , soils and excreta ( nitrous oxide) .
Recent research on carbon (C) sources and sinks from erosion and sedimentation in New Zealand (Baisden et al . , ２００８) , showthat New Zealand rivers currently deliver approximately ３ ＋ /‐１ Tg C y‐１ to the oceans . Of this , ６５％ is derived from the mostmountainous ９％ of NZ land area and ２０％ is derived from the ２％ area of sof t rocks with human‐induced land cover . The Closs it represents in the terrestrial environment may be negated by C accretion on old erosion scars and it may be considered a Csink as it sits on the ocean shelf . Overall the data suggests New Zealand terrestrial ecosystems are close to net C balance ( Tate ,et al . , ２００８) , gaining on the hill country and losing C under intensive flat land farming systems . Large uncertainties remain ,including C losses/ gains from land use change from forests , land use and management effects on soil C and future impacts ofbio‐fuel and bio‐char use .
Greenhouse gases These land use changes have resulted in a steady rise in pastoral agriculture non‐CO２ greenhouse gasemissions‐methane and nitrous oxide , at a rate of approximately １％ per annum since １９９０ ( Ministry for the Environment ,
２００７b) . While New Zealand emissions are only ０ .２％ of estimated world emissions ( Ministry of Agriculture and Forestry ,
２００６) , this represents ４ .９ Mt CO２

‐e grow th in emissions since １９９０ and is projected to rise by a further ２ .３Mt by ２０１０ . New
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Zealand摧s greenhouse gas profile is quite unique amongst developed nations . Half of New Zealand摧s greenhouse gas emissionscomprise non‐CO２ emissions ‐methane from ruminant animals ( one third of total GHG emissions) and nitrous oxide ( one sixthof total GHG emissions) from microbial breakdown of animal faecal matter and nitrogen from urine , and inorganic nitrogenfertiliser .

Figure 1 Grow th in New Zealand GHG emissions Source : M inistry f or the Env ironment , ２００８

These increases in emissions have been driven by increases in meat and milk production from each animal ( more forage througheach animal means more methane and nitrous oxide) , and an increase in nitrogen fertiliser use , driven off rapid grow th in worlddemand for food products and the resulting high commodity prices . ( Ministry for the Environment , ２００７b) .
However , while the total amount of GHGs emitted from pastoral agriculture has increased since １９９０ ( dairy has risen ７０％ ,sheep has declined by １８％ , ( Ministry for the Environment ,２００７b ; Ministry of Agriculture and Forestry , ２００６) ) , the amountemitted per unit of product has declined by １７ .７％ and １７ .５％ respectively , due to changes in the numbers of animals andanimal productivity , ( Leslie , et al . , ２００８ ) . Productivity increases are due to new technologies , better feeding and diseasemanagement , improved genetics and better pasture and animal management .
The bene f its In ２００４ , pastoral land use for sheep beef and dairy farming was the largest human land use at around ３７％ of thetotal land area of New Zealand . Our economy and social systems have gained from the production from the new grasslands .New Zealand摧s prosperity has been built from its agricultural heritage . Agricultural exports account for ５２％ of New Zealand摧stotal exports by value and over the last １５ years have increased their productivity at more than double the rate of the rest of theeconomy ( Sherwin , ２００７ ) . Internationally , New Zealand摧s agricultural trade is significant‐６６％ of the world lamb trade and
４０％ of the world摧s traded milk products come from New Zealand farms ( Leslie et al , ２００８ ) .
It has been estimated that １７％ of NZ摧s GDP derives from the top １５ centimetres of our soil ( Ministry for the Environment ,
２００７a) . Our national psyche has been shaped by this economic contribution to the economy . However , that is changing rapidlyas increasingly corporate ownership structures , rather than family owned farms , are emerging . The ratio of land price to output
price has been rising in New Zealand ( sheep and beef currently １４ :１ ; and dairy at １０ :１ , Robobank ,２００８) and the family farmand succession to it , is now beyond most individual摧s ability to pay .
In addition , people摧s expectations are changing , as we have seen in New Zealand with the grow th in eco‐tourism . The value ofecosystem services to the New Zealand economy per annum , was estimated at NZ ＄ ４６ billion in １９９９ ( Patterson and Cole ,
１９９９) . The New Zealand export earnings from tourism are NZ ＄ ８ .３ billion and rank second to agriculture which is NZ ＄ １６ .１billion . Tourism depends largely on the conservation of our natural ecosystems (Ministry for the Environment , ２００７a) .
Climate Change

The IPCC (２００７) , has reported that there is now observational evidence from all continents and most oceans that many naturalsystems are being affected by regional climate changes , particularly temperature changes . Furthermore , global assessment ofdata since １９７０ has shown that it is likely that anthropogenic warming has had a discernable influence on many physical andbiological processes .
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Grasslands and the livestock f ootp rintWhere do grasslands fit into the picture ? Globally , livestock activities contribute １８％ of total anthropogenic GHG emissions
( including deforestation for grazing land) , which is more than the contribution from transport ( FAO , ２００６) . Livestock is thesingle largest anthropogenic user of land globally FAO , (２００６) .
Table 1 　 L ivestock contribution to greenhouse gas emissions .
CO２‐e １８％ Pasture degradation and land use change
CO２ U９％ Not considering respiration
CH４ a３７％

N２O ６５％ Incl . feed crops
Source :Adapted from FAO , 2006

Climate change ef fects Climate change effects from the impact of GHG emissions , are threefold‐changes in average climateconditions ; changes in the incidence and severity of extreme weather events ; and changes in climate variability . The IPCC
(２００７ ) suggests that the most significant impacts of climate change by the end of this century for New Zealand are likely to bean increase of up to fourfold in flood risk in most regions ; a two to fourfold increase in drought risk , especially in easternregions ; and changing biosecurity risks . The climate changes are projected to affect a large proportion of New Zealand摧s primeagricultural land for cropping , dairy , sheep farming , viticulture , and market gardening . The IPCC (２００７) has also concludedthat production from agriculture by ２０３０ in New Zealand is likely to decline over parts of eastern New Zealand , with initialbenefits to agriculture in western and southern areas and close to major rivers , due to a longer growing season , less frost andincreased rainfall . However , they consider that there is substantial adaptive capacity , due to a well developed economy andscience and technical capability , but considerable constraints to implementation and major challenges from changes in extremeevents
Projected impacts on agriculture A recent risk assessment ( EcoClimate , ２００８ ) , suggests that for the coming century whilethere may be little change from the present in total pasture production over New Zealand , there were strong regional variations
projected and national production in the driest years may become worse than at present . These will have significance for localagriculture management . These findings are for climate scenarios with a significant increase in west‐east rainfall differenceacross New Zealand .
Likely impacts on agriculture , in addition to the effects of rainfall events , could include ; changes in pasture grow th and hencecapacity to intensify agriculture in some regions , with opportunities for new pasture species and management systems in others ;changes in pasture composition , with invasion of weeds , pests and diseases increasing biosecurity risks and costs ; changes inwater availability , reducing expansion of irrigation for more intensive grazing regimes ; reductions in water availability ; changesin cold hardening in some crops ; significant social and economic impacts on rural communities .
These projections are well outside what New Zealand has already experienced , so any resulting costs are likely to be even
greater than what has already been experienced . For comparison , the following figures give an indication of the economic costsof events we already experience that result from mainly natural causes . The February ２００４ floods affecting a wide area ofcentral New Zealand had losses estimated at NZ ＄ １０７ million to hill‐country sheep and beef farms , and NZ ＄ ２４ million tocropping . Six thousand people were evacuated , some farms lost ３０％ of grazing land and ２０ ,０００ hectares of land was affectedby landslips ( Ministry of Agriculture and Forestry , ２００４a ; ２００４b) . The effect of the ２００７ drought on sheep and beef farmingon the East Coast region of New Zealand was a NZ ＄ ３２６ million fall in total Value‐Added or a １５％ decline in the sectorcontribution to the regions GDP ( Ministry of Agriculture and Forestry , ２００７)
New Zealand has to date managed the effects of climate events through increased water harvesting , movement of animal feedfrom areas not affected , the development of drought resistant pasture species and social support through government disasterrecovery packages . However , such adaptive management will need to be matched by cuts in GHG emissions by theinternational community , to reduce the extent and effects of climate change , to avoid the extreme projections at the higher endof the scale .
These projected effects could require significant changes in farm management practices . For example , average dry conditionsover a wider area will constrain the ability to import feed . In addition , if changes in climate occur gradually over time , adaptiveresponses can be made , but if unexpected climate extremes occur more frequently , which the IPCC ( ２００７ ) projects , thenanimals and plants may not be able to fully adapt . This presents opportunities for land use changes and costs , if landmanagement practices alone , cannot adapt as a consequences of more frequent ex treme events .
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The response

The potential consequences necessitate a change in the paradigm governing grasslands management , from one driven primarilyby commodity prices , to one that is risk based and takes the full cost of the farming activity into account includingenvironmental externalities . Such an approach will drive mitigation of emissions and adaptation to the effects .
New Zealand has recently embarked on a challenging response to climate change‐a market mechanism and related policies ( anemissions trading scheme ( ETS) and a Sustainable Land Management and Climate Change Plan of Action) . As a Party to theKyoto Protocol , New Zealand is committed to reducing its emissions to １９９０ levels , on average over the period ２００８‐２０１２ , ortaking responsibility for any excess emissions by purchasing or generating Kyoto‐compliant units . New Zealand is taking aconstructive role in the negotiations for international commitments beyond ２０１２ .
Emissions trading system and Plan of Action Legislation is before the New Zealand Parliament to introduce an ETS for allsectors and all greenhouse gases . This will put a price on carbon in the economy and thus take account of the environmentaleffects of our emissions . There is a staged introduction proposed and a transition for the agriculture sector to enable mitigationtechnologies and adaptive management to be implemented . Agriculture will enter the ETS in January ２０１３ .
The ETS will first affect liquid fossil fuels in January ２００９ ; stationary energy and industrial process emissions in ２０１０ andagriculture non‐CO２ emissions in ２０１３ , with a currently proposed transition period to ２０２５ before there is full exposure of allagriculture sector emissions to the carbon price , through a free allocation pool equal to ９０％ of ２００５ emissions , when it isbrought in to the ETS . This is likely to be phased out progressively by ２０２５ . The delay in entry of the agriculture sector to theETS , is in part due to the fact that mitigation solutions for reduction of agriculture emissions are poorly developed comparedwith other sectors ( Ministry for the Environment , ２００７c) and to enable cost effective mitigation measures to be developedthrough investment in research . New Zealand has a Kyoto commitment and an unusually high proportion of its GHG emissionscome from agriculture , so it is proposed that agriculture is included in the ETS following the first commitment period of theProtocol . The design for this is underway now .
Research The Pastoral Greenhouse Gas Consortium ( PGGRC ) is the cornerstone investment by New Zealand in mitigatingagricultural GHG emissions . This public private research partnership between the livestock and fertiliser industries and theNew Zealand government funds １ :１ , to understand the animal/ soil/ atmosphere/water processes , find solutions , develop
products , commercialise them and transfer these technologies to the farm after on‐farm testing and demonstration . Between
２００２‐２００７ , the consortium invested NZ ＄ １５million in the following research areas ; rumen processes ; genomics for CH４ ;forage and plant inhibitors for diet manipulation ; animal factors ; nitrification inhibitors .
The government has recently increased its investment in finding solutions to mitigate agriculture GHG emissions , and onimpacts and adaptation to climate change‐NZ ＄ ５０ million for research and development and NZ ＄ ２５ million for technologytransfer . This also includes an intensive government‐funded programme , to better understand , measure and verify GHGemissions from livestock agriculture , and to ensure that any new solutions can be verified for international recognition in ourNational GHG Inventory , by the UNFCCC , otherwise , New Zealand will not be able to get the credit for the GHG reductions .New Zealand has also established an international research network to better understand GHG emissions from livestock anddevelop cost‐effective and practical means to reduce emissions‐the Livestock Emissions and Abatement Research Network
( LEARN) www .lives tock emissions .net

Early signs of progress from the research are good , especially for nitrous oxide emissions . These were extensively reported atthe Greenhouse Gas and Animal Agriculture ２００７ Conference , ( Special Edition : Australian Journal of ExperimentalAgriculture , ２００８) . For example , nitrification inhibitors can reduce nitrous oxide emissions by up to ２１％ on an annual basis .However , achieving these reductions relies on farmers using the new products . Nutrient management models likeOVERSEERTM have been developed and can estimate nitrous oxide emissions on the farm . Reductions in greenhouse gases fromagriculture will only occur when the tools and techniques are designed to be used by the farmers as an integral part of theirongoing farm management practices . People matter .
Historical evidence of behaviour change People respond to price signals and have the capacity to make quite radical changeswhen conditions change . New Zealand experienced this in １９８４ when the government removed agriculture subsidies . At thetime , subsidies were approximately ３３％ of farm income . By ２００３ , this had fallen to less than ２％ ( mostly spent onagricultural research) . The anticipated shif t of people off the land did not occur‐ farmers adapted along with the significantchanges to the institutional arrangement governing agriculture ( Smith & Montgomery , ２００３ ) . The subsidy removal wastantamount to a price change and saw significant farmer behaviour change .
The change on the ground saw a shif t from sheep and beef ( the number of commercial sheep and beef farmers fell from ２２ ,０００in １９８４ /８５ to １５ ,０００ in ２００５ /０６ ( Davison , ２００６) ) , initially to forestry and more recently to dairying and the emergence of avibrant viticulture industry and a major increase in horticulture . The significant changes were a change in farm size , their
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distribution , the number of animals ( dairy ) farmed and the ownership structures . At one level this was a success story‐atanother , there were significant social impacts to individuals along the agriculture value chain and for whole communities , whichlost their infrastructure e .g . schools , postal services . In addition , as world commodity prices have become more favourable forour dairy products , the expansion and intensification of dairying has now brought additional environmental impacts in its wake ,
greenhouse gas emissions being one of them .
The people It is the farmers who ultimately need to respond to the challenge of climate change and the ETS pricing mechanism .This will be through developing more resilient farm management systems , with adaptive management that can withstand climatevariability and extreme events . Land use management in New Zealand has been shown to respond to these challenges in the
past . A survey of North Island hill country farmers ( Smith , et al . , ２００７ ) , showed that over the period １９９５‐９９ , ５０％ offarmers had implemented some land use or land management strategy designed to meet changing environmental expectations .
Greenhouse gases can be seen as representing inefficiencies in farm production systems and thus they affect farm profitability ,directly through production losses , or indirectly through market pressures for environmental integrity . Examples of industryresponses include ; a significant reduction in the dairy sector carbon emissions from reduced energy use in the production ofdairy products ; cropping farmers adjusting their management practices through low tillage systems , reduced energy inputs andefficiency practices through purchase of more energy efficient capital equipment for the farm ; the use of standoff pads for cowsduring wet winter months , when nitrous oxide emissions are likely to be greatest from the soil ; tree planting to reduce theeffects of rainfall events in erosion‐prone areas ; changing crop types and planting dates to anticipate changes in season length( Sinner , ２００８ ) . The response at the farm‐level will be a mixture of mitigation of GHG emissions and adaptive management offarm practices to a number of environmental pressures .
Such initiatives have promoted further development of tools such as OVERSEERTM , a model to manage nutrients on the farmwhich is now being developed to monitor GHG emissions . Landcare Research has developed knowledge about the terrestrialcarbon cycle which has enabled piloting of a voluntary carbon trading system for New Zealand landowners to sell carbon creditsfrom regenerating indigenous forests in a pre‐Kyoto market . So far , １８ ,０００ tonnes CO２

‐e has been traded through theEmissions‐Biodiversity Exchange ( EBEX２１) project . This facility has encouraged some farmers to shif t to carbon farming onland that is better suited to regenerating indigenous forest for ecotourism enterprises , while also gaining an income from thecarbon credits and plant‐based health products . This is adaptive management at work , experience which will inform the climatechange response .
A highly consultative process with the agriculture industry is underway at various levels to develop ways of developing farmingsystems that are resilient and can adapt . The government has set up a Climate Change Leadership Group to oversee theintroduction of the ETS and related policies , comprising members from across the sectors and technical experts . There is anAgriculture Sector Peak Group and a Technical Advisory Group of technical and scientific experts in agricultural science andresearch , to design agriculture entry to the ETS . There is a Research and Innovation and a Technology T ransfer AdvisoryGroup designing ways of enhancing and transferring science knowledge and technologies to farmers so they can be adopted asbest practice as they are developed . The ETS and the Sustainable Land Management and Climate Change Plan of Action , willfacilitate the behavioural changes needed to fulfil the UNFCCC and Kyoto obligations of New Zealand . However , there are noillusions as to its challenging nature . It has never been done before ; nor has there been a greater challenge than climate change .
Furthermore , adapting to climate change policy ( a carbon price which costs environmental externalities of production) , will beas important as adapting to climate change itself . The refocusing of some agriculture enterprises towards the provision ofecosystem services , while utilising other land for high value agricultural production , is one example of land use change triggeredby environmental pricing . Recent work ( Ministry of Agriculture and Forestry , ２００８ ) , indicates that the use of nitrificationinhibitors as the ETS is introduced would allow most dairy farmers to improve or maintain their profitability depending on themarket price for carbon and milk prices . Land use change is another response . There is approximately ３ .２ million hectares ofmedium and low quality grazing land that could be converted to energy production forests for woody biomass‐an area that couldsupply New Zealand摧s total projected heat and transport fuels demand ( Hall , & Gifford , ２００７ ) . These changes and recentdeforestation of planted forestry land which is better suited to dairying , is just the beginning of a massive readjustment of landuses that will come as the full price of carbon is felt by the agriculture sector in New Zealand . The hope is that such changeswill transition New Zealand to a more sustainable future for people and the environment .
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Zealand Emissions T rading Scheme and Closely Related Measures Report prepared for the Emissions T rading Group of theMinistry for the Environment and The T reasury by the Caw thron Institute , Nelson , New Zealand .Sherwin , M , ２００７ . A griculture and f orestry in New Zealand : f rom transition to trans f ormation . Address to the PrimaryIndustries Resource Workshop . Royal Society of New Zealand . Wellington , New Zealand .Smith , W . , Montgomery , H . , ２００３ . Revolution or evolution ?New Zealand agriculture since １９８４ . GeoJournal ５９ : １０７‐１１８ .Smith , W . , Montgomery , H . , Rhodes , T . , ２００７ . North Island hill country Farmers�management response to issues ofsustainability . New Zealand Geographer ６３ (１) , ３０‐４２ .Tate , K . , T rotter , C .M . , Walcroft , A .S . , Hedley , C .B . , Wilde , R . H . , Arnold , G . Dymond , J . , Kirschbaum , M . ,
２００８ . New Zealand摧s terrestrial carbon budget and the e f f ects o f land‐use change . Paper presented at the CARBON‐Globalcycle to regional budget . Workshop １４‐１５ April , Wellington , New Zealand .
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The impact of climate change on grassland — a modelling approach
L . Wu１ and C . F . E . Topp２
１ SAC , Craibstone Estate , Aberdeen AB２１ ９YA , UK , E‐mail : Lianhai .Wu＠ sac .ac .uk
２ SAC , West Mains Road , Edinburgh EH９ ３JG , UK
Key words : carbon sequestration , climate change , grass grow th , simulation model
Introduction Grassland is the main productive driver of ruminant livestock systems in the UK and is sensitive to climate change .The effects of climate change on grassland systems are potentially complex with the effects on forage yields and quality whichmay affect the relative suitability of grasses and legumes and their utilisation , and would be difficult to quantitatively identifythe impacts with both field and laboratory experiments . Mathematical models are potentially efficient tools for the assessment .
Method　 A sward grow th model linked to the components of soil nitrogen cycling and soil water movement developed by SACis used to predict the impact of climate change on grassland production utilised for livestock production . Downscaled climatedata calculated for three future time‐slices (２０２０s , ２０５０s and ２０８０s) under �medium‐high" emission scenario , was taken fromthe UKCIP data sources ( Hulme et al . , ２００２ ) . Three typical areas each of which represents either beef , or dairy or sheepenterprise in Scotland was selected . Daily climatic data is produced for ５０ year periods for the baseline climate and the slicesusing the Earwig weather generator ( Kilsby et al . , ２００６ ) . Cutting managements are used to mimic grazing system . Firstcutting in a year ( equivalent to turnout) occurs when both simulated canopy height and aboveground biomass are greater than
pre‐defined criteria for various enterprises . Monthly cutting is made afterward until standing biomass on the scheduled date isless than a pre‐defined amount .
Simulation results The model is run under three time‐slices plus the baseline climate for ５０yr each on the selected sites .Simulation results show that average biomass available ( Figure １ ) and start day of grazing in a year ( Figure ２ ) to differentlivestock vary under the scenarios of climate change .

Figure 1 A verage annual biomass removal f or various
enterp rises under di f f erent scenarios .

Figure 2 A verage turnout day in a year f or v arious
enterp rises under di f f erent scenarios .

Discussion Climate change inevitably affects livestock enterprises in the UK . In general , it would produce more biomass from
grassland and increase grazing period in a year although the response of grass grow th to the changes is different . Thepreliminary results should be considered as basic input to appraise the wider impacts of climate change on livestock systems .
ReferencesKilsby , C . G . , Jones , P .D . , Burton , A . , Ford , A .C . , Fowler , H .J . , Harpham , C . , James , P . , Smith A . , Wilby , R .L . , ２００６ . A daily weather generator for use in climate change studies . Env ironmental Modelling & So f tw are ２２ , １７０５‐
１７１９ .Hulme , M . , Jenkins , G .J . , Lu , X . , Turnpenny , J .R . , Mitchell , T .D . , Jones , R .G . , Lowe , J . , Murphy , J .M . ,Hassell , D . , Boorman , P . , McDonald , R . , Hill , S . , ２００２ . Climate Change Scenarios for the United Kingdom : TheUKCIP０２ Scientific Report . University of East Anglia , Norwich , UK . １２０pp .
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Carbon balance in stand of an annual herb at an elevated CO2 concentration
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Introduction Global atmospheric CO２ concentration is predicted to double by the end of the present century ( IPCC , ２００１) . Theinfluence of increased CO２ on plant and ecosystem functions has been a major concern in ecology and global change sciences( Long et al . , ２００４ ) . In most studies , elevated CO２ enhanced canopy photosynthesis . However , the magnitude of theenhancement varies among studies ( Nowak et al . ２００４ ) . More recently , Sakai et al . ( ２００６ ) showed that enhancement ofcanopy carbon gain by elevated CO２ is sensitive to the grow th stage and leaf nitrogen concentration in the rice stand . However ,since most of these studies determined photosynthesis in the stand without destructive harvests , they were not able to fullyanalyze mechanisms involved in variation in stand carbon balance . Canopy photosynthesis is a function of canopy structure ( leafarea index , K , leaf nitrogen distribution etc .) , leaf physiology ( photosynthesis , respiration etc .) and environmental factors( irradiance , N availability , temperature etc .) . In the present study , we studied the effect of elevated CO２ on carbon balance forstands of an annual Chenopodium album .

Materials and methods Stands of C . album were established in open top chambers at ambient and elevated CO２ concentrations(３７０ and ７００ μmol mol‐１ ) in the experimental garden of Tohoku University , Sendai , Japan ( ３８°１５′N , １４０°５２′E) . Plant drymass grow th , photosynthesis and respiration were determined through the growing season . CO２ exchange of the stand wasestimated with a canopy photosynthesis model ( Hirose , ２００５ ) . Rates of light‐saturated photosynthesis ( Pmax ) and darkrespiration ( Rm) of leaves as related with nitrogen content per unit leaf area ( Narea) and time‐dependent reduction in specificrespiration rates ( SRR) of stems and roots were incorporated into the model .
Figure 1 Comparison o f stand carbon balance ( canop y photosynthesis minus stems and
roots resp iration)w ith mean daily p lant grow th rates (GR ) in C .album stands .Carbon
balance is a mean o f calculated v alues f or a period between harvests (29 and 41 ,42 and
62 ,63 and 81 DA T ) .Open circles , ambient CO2 （ 370 μmol mol － 1 ) ;closed circles ,
elev ated CO2 (700 μmol mol － 1 ) .Solid line rep resents regression line :y ＝ 0畅034x ,r ＝
0畅99 .Dotted line indicates equivalence o f 1 mol CO2 w ith 30 g dry mass .

Figure 2 Enhancement o f canopy photosynthesis by elevated CO2 as a f unction o f DA T
(Days af ter transp lanting) .Each data point ex p resses a mean o f canopy photosynthesis .
Results o f sensitiv ity analyses ( Photosynthesis‐e f f ect , triangles ,and Structure e f f ect ,
squares)are also shown .

Results and conclusions Daily canopy carbon balance , calculated as an integration of leafphotosynthesis minus stem and root respiration , showed a fairly good agreement with drymass grow th determined by harvests ( Figure １ ) . The enhancement of canopyphotosynthesis with elevated CO２ was ８０％ at an early stage and decreased to ５５％ atflowering . Sensitivity analyses suggested that an alteration in leaf photosynthetic traitsenhanced canopy photosynthesis by ４０‐６０％ throughout the experiment period , whereasaltered canopy structure ( leaf area index , leaf nitrogen distribution and light gradient inthe canopy) contributed to the enhancement at the early stage only ( Figure ２ ) . In earlystages when plant size was small , nutrient supply might not be a limiting factor of plantgrow th , leading to an enhancement of LAI at elevated CO２ , while in later stages of plantgrow th , nutrient supply became more limiting and the structural difference might diminishbetween the two grow th CO２ concentrations . Thus various factors interact to determinethe stand carbon balance that is influenced by elevated CO２ .
ReferencesHirose T (２００５) Development of the Monsi‐Saeki theory on canopy structure and function . Annals of Botany ９５ : ４８３‐４９４ .Long SP , Ainsworth EA , Rogers A , Ort DR ( ２００４ ) Rising atmospheric carbon dioxide : Plants FACE the Future . AnnualReview of Plant Biology ５５ : ５９１‐６２８ .Nowak R , Ellsworth D , Smith S ( ２００４ ) Functional responses of plants to elevated atmospheric CO２‐do photosynthetic andproductivity data from FACE experiments support early predictions ?New Phytologist １６２ : ２５３‐２８０ .Sakai H , Hasegawa T , Kobayashi K ( ２００６ ) Enhancement of rice canopy carbon gain by elevated CO２ is sensitive to grow thstage and leaf nitrogen concentration . New Phytologist １７０ : ３２１‐３３２ .
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Interactions between defoliation , warming , and drought in a native northern grassland in
Alberta , Canada
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Introduction Canada contains ２２ M ha of land dedicated to range and forage production , where the majority of C is produced andstored belowground ( Steinaker and Wilson ２００５) . A healthy rangeland stores equivalent C mass per ha as forested ecosystems ,and because this C is primarily belowground , it is at lower risk of release during fires . Consequently , healthy grasslandecosystems may play a significant role in mitigating global climate change . Overgrazing has been documented on up to half of allrangelands in the region , and through a potential decline in root biomass , may reduce soil carbon storage . Coupled withpredictions of climate change , these disturbances are likely to further change range health . Improvement of rangeland conditionprovides direct economic benefits , and because native rangelands store more C than annual croplands , this should also lead toincreased C storage , with implications for feedback to climate systems both locally and globally . We however have a relativelypoor understanding of how range management practices such as grazing intensity and the predicted future climate ( which maybecome warmer and drier in some regions) interact to affect the function of the native northern temperate grassland ecosystems( Zhou et al . ２００６) .
Materials and methods We used a randomized complete block design with ５ blocks for a ２ ( warming vs . non‐warming ) x ３ ( twointensities of clipping to simulate grazing vs . no clipping ) × ２ ( drought vs no drought) factorial experiment for the full studywhich began in spring ２００７ . The warming treatment was applied using open‐top chambers ( OTC , ４０ cm high and ２ m indiameter) that can increase the near surface air temperature by ２‐４ ℃ . As the size of OTCs precluded the use of actual ungulategrazing , simulated grazing was achieved through manual clipping of vegetation in and around ( buffer ) each plot . Simulatedgrazing of low and high intensity treatments consisted of clipping to a stubble height of approximately ７ .５ m and ２ .５ cm , whichroughly corresponded to the removal of ３０％ and ８０％ of standing current annual biomass . Drought treatments were appliedusing shelters that intercepted ７０％ of natural precipitation . In each plot , near surface air temperature , soil temperature andsoil moisture content were measured continuously , plant community compositional responses were assessed at peak biomass ,soil N availabilities were measured using the Plant Root Simulators ( PRS) probes , and fluxes of CO２ and N２O were determinedusing a static gas chamber‐gas chromatograph system . Rates of N mineralization were determined using the buried‐bag method .Microbial biomass C and N were measured using the fumigation‐extraction method . Soil microbial functional diversity andcomposition were studied using the Biolog and phospholipid fatty acid ( PLFA ) techniques . A mini‐rhizotron was used toestimate belowground primary productivity and carbon flow .
Results Preliminary results from a pilot study conducted in ２００６‐０７ showed that the combined warming by defoliation treatmentproduced an additional increase in soil (０‐５ cm) temperature of about ２ °C relative to all other treatments during August ２００６ .Soil moisture content exhibited high temporal variability throughout the growing season of ２００６ likely reflecting fluctuations inrainfall during this period . Plant community species richness and diversity remained relatively stable throughout the growingseason in ２００６ and differences among the treatments were relatively minor . Due to warming , rough fescue ( Festuca hallii )increased in canopy cover , but towards the end of the growing season had fewer tillers . Warming also altered the morphology ofmany‐flowered aster ( A ster f alcatus ) and bastard toadflax ( Commandra umbellata) . Few treatment effects were observed forsoil microbial biomass C and N , but both parameters had large seasonal variations . In June ２００６ , the warming treatmentresulted in greater ammonification , and defoliation decreased the net nitrification rates , both in the ０‐５ cm soil layer .Nitrification was the dominant process in the transformation of organic N to inorganic form in the system . We have so farobserved few other significant differences caused by the treatments .
Conclusions These northern temperate fescue grasslands appear rather resilient to changes in the climatic conditions andmanagement practices in the first year of a pilot study . However , we predict that over the longer‐term ( e .g . , up to threeyears) , the grassland ecosystem under study will respond to sustained changes in climate and management treatments in a muchmore significant way , as changes in plant grow th will have cascading effects on ecosystem processes .
ReferencesSteinaker DF , Wilson SD ( ２００５) Belowground litter contributions to nitrogen cycling at a northern grassland‐forest boundary .
Ecology ８６ : ２８２５‐２８３３ .Zhou XH , Sherry RA , An Y , Wallace LL , Luo YQ ( ２００６ ) Main and interactive effects of warming , clipping , and doubledprecipitation on soil CO２ efflux in a grassland ecosystem . Global Biogeochemical Cycles ２０ , GB１００３ .
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Soil carbon in soils of South Coastal Western Australia under different farm management
systems , including Sub‐Tropical Perennial Pastures
Chalmer , N .Y .
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Introduction Soil organic matter consists of all components of the soil that have been derived from biological organisms . Soilorganic Carbon is the single largest component , ( Garcia ,２００４ ) , and its concentration is the major indicator of soil health ,fertility and the long term sustainability of farming practices .
The project was developed in consultation with Australian Soil Carbon Accreditation Scheme and will link in with the SouthCoast Soil Carbon Monitoring Project . It will contribute towards baseline data that will help to demonstrate‐The present andhistorical rate and levels of Carbon sequestration under mallee and sandplain soils with different management regimes includingKikuyu pastures and Tetraploid rye grasses .
That the most appropriate agricultural systems that will allow positive soil Carbon sequestration are perennial based .That soil carbon sequestration should be included in emissions trading schemes and the adoption of long term sustainablesystems will be facilitated by a direct relationship with financial returns .
Materials and methods GPS defined areas , for long term monitoring , were soil sampled from October to December on ５

properties on the Eastern South Coast of WA . Reference sites were sampled for ％ Carbon and Bulk density in the ０‐１１０cm soilprofile , as perennials such as kikuyu , have root systems that grow over ２m into the soil profile . Further samples were thentaken from ０‐３０cm to obtain data on Bulk density and ％ Organic Carbon under different regimes . Samples were also taken fromnon ‐treatment areas either adjacent annual pastures and / or native vegetation .
The types of management practices and the years under the different systems were recorded . Soil type , water repellency , pHthroughout the profile and level of waterlogging or inundation were also determined for soil health . The perennial kikuyu grasspastures were sampled from ０ year ,af ter １ year and after ５ years establishment which will indicate an annual sequestration rate .The monitoring of all sites will continue for at least ３ years .
Results and discussion Results for this project have not been determined yet . The data being gathered follow the principals ofdetermining baseline soil Carbon levels as compared to levels when change has been implemented , and following the changesover time . From preliminary work in other areas as well as changes in soils that have been recorded under Kikuyu pasturesestablished for over ２０ years , it may be expected that soil C levels will improve over time af ter Kikuyu and other perennialsestablish . The results will give a strong indication of what is happening to Soil C under different management regimes , but willneed to be followed up with more extensive and long term research .
Conclusions Indications are that under appropriately managed perennial pastures , soil Carbon can develop to a level greater thanin other types of plant community . These pasture systems could have a major world role in sequestering Carbon as wellimproving long term sustainability of agricultural communities both biologically and economically .
ReferencesJones ,C . ,２００７ . Building Soil Carbon with Yearlong Green Farming ( YGF) . Evergreen Farming , Sept .０７ .McDonald ,D . , Baldock ,J . and Kidd ,D . , ２００７ . Cradle Coast Organic Carbon Monitoring T rial . National Land & WaterResource Audit , Natural Heritage T rust , Australia .Ryan , M . & Tibbett ,M . , ２００７ . Mycorrhizas and Perennial Pastures . Evergreen Farming , June ０７ , ６‐７ .
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Response of CO2 emissions to the grazing and enclosure in temperate grassland ecosystem
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Introduction The rangeland on the slopeland of Loess Plateau plays an important role in livestock and ecological protection . The
process and main influencing factors of carbon cycle in grassland ecosystem are important in the global change . Many studiesmainly focused on the flat regions . The objective of this study was to explore the influence of different management styles onsoil CO２ emission .
Materials and methods The site is on a slope grassland near Huan County , Gansu Province , China ( ３７ .１°N , １０６ .８°E) . The
plots were enclosed ( in ２００１) f ree grazing grassland , and six terrains : flat , １５° shady and sunny , ３０° shady and sunny , ４５°shady and sunny slope . The measurement was conducted in August ２００６ and August ２００７ . CO２ flux was measured with LI‐COR ６４００ .
Results There were different impacts of enclosure on the emissions of CO２ in different years . In ２００６ , total CO２ flux increaseddue to the increase in the emissions of shady slopes . However , there were little effects on sunny slopes and flat ( Figure １ ) .This because enclosure increased the belowground biomass , and the major part of soil respiration is root respiration . In ２００７ ,there was little impact of enclosure on the emissions of CO２ , but the CO２ emission in different slopes were different ( Figure ２ ) .Generally , CO２ flux of steep plots (４５°) increased and decreased in gentle plots (１５°) . This probably because the soil moisturecondition was poor , and the soil temperature was the main influencing factor , and the steep plots were accessible to
photosynthetic active solar radiation ( PAR) .

Figure 1 The emissions o f CO2 under di f f erent
management sty les and terrains (2006) .

Figure 2 The emissions o f CO2 under di f f erent
management sty les and terrains (2007) .

Conclusions Current literature suggests no clear general relationships between grazing management and carbon sequestration
( Reeder et al . , ２００２ ) . Overall , grazing reduced the total emissions of CO２ , because grazing removed some biomass ofaboveground and litters , also changed the belowground biomass . As the impact of grazing on the grassland is complex . Inaddition , the breathing gas and eructation of livestock are an important source of greenhouse emissions .
ReferenceReeder , J . D . , Schuman , G . E . , ２００２ . Influence of livestock grazing on C sequestration in semi‐arid mixed‐grass and short‐grass rangelands . Env ironmental Pollution １１６ , ４５７‐４６３ .
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Carbon exchange from four agro‐ecosystems on the Loess Plateau , China
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Introduction Soil CO２ flux to the atmosphere is a significant component of the global C cycle , approximately １０％ of theatmospheric CO２ pool ( Jenkinson et al . , １９９１) and the second largest flux between terrestrial ecosystems and the atmosphere( Raich and Tufekcioglu , ２０００) . The Loess Plateau has one of the more developed agricultural systems in the world and has thelongest cropping history in China . The objective of this study was to estimate the amount of carbon sequestration and soilemissions from different agro‐ecosystems in the representative areas of the Loess Plateau .
Material and methods The experiment was conducted in ２００６ in Huanxian County ( ３７ .１°N , １０６ .８°E , １６５０m , ３５９mm
precipitation — mostly in summer , １９９３mm evaporation ) Gansu province , China . Four agro‐ecosystems were compared ;rangeland systems , cropping systems ( annual crops ) , sown grassland system ( perennial alfalfa ) and agroforestry systems
( poplar‐alfalfa) . Above and below‐ground plant biomass were measured at the peak of the growing season ( August) . Soil CO２flux was determined in May , August and December with the LI‐COR ６４００ gas exchange system ( LI‐COR , Lincoln , NE , U .S .A .) .
Results Carbon sequestration in vegetation was significantly higher in the sown grassland system than other agro‐ecosystems( Table １) . Cropland had the lowest biomass , ３３％ lower carbon emissions from the soil surface and ８畅５％ higher soil organiccarbon content than other systems . There were no significant differences on the carbon emission from the soil surface betweenrangeland , sown grassland and agroforestry systems .
Table 1 Carbon sequestration and emissions f rom f our di f f erent agro‐ecosystems on Loess Plateau (units : t ha‐1 ) .
Productionsystem Utilisation Carbon sequested invegetation ( ± SE２ )

Carbon emission fromsoil surface ( ± SE) Soil organiccarbon ( ± SE)
Rangeland Grazing ６ 趑.３ ± ０ .４ c１ ３ 剟.３ ± ０ .３ a ３９ C.３ ± ０ .５ b
Sown grassland Hay production １４ ".３ ± １ .５ a ３ 剟.２ ± ０ .３ a ３９ C.１ ± ０ .７ b
Cropland Crop production ４ 趑.７ ± ０ .７ d ２ 剟.２ ± ０ .２ b ４２ C.０ ± ０ .２ a
Agroforestry Hay and timber １０ ".５ ± ０ .４ b ３ 剟.５ ± ０ .３ a ３７ C.７ ± ０ .４ b

１ Value accompanied by different letters differ significantly ( P＜ ０ .０５) ; ２ SE : standard error
Conclusions Increasing plant grow th did not result in more soil carbon stored or greater carbon emissions from soils , theadditional carbon was sequestered within plant biomass . In cropland there may be reduced soil microbial activity which reducesthe breakdown of soil carbon and the rate of carbon emission , or there may be reduced root respiration or these are better soilsthat store more carbon .
ReferencesJenkinson , D . S . , Adams , D . E . , and Wild , A . １９９１ . Model estimates of carbon dioxide emissions from soil in response to
global warming . Nature ３５１ , ３０４‐４０６ .Raich , J .W . , and Tufekcioglu , A , ２０００ . Vegetation and soil respiration : Correlations and controls . Biogeochemistry ４８ , ７１‐
９０ .
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Impacts and adaptation to climate change in beef production systems in central Queensland
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Introduction T rends in Queensland摧s grazing lands related to climate change , and increases in atmospheric carbon dioxide ( CO２ )raise questions about the future productivity of various industries , particularly those on the climatic margins ( Howden et al . ,
１９９９) . Here we investigate the impacts of climate change at Emerald (２３°３１′S , １４８°１０′E , mean annual rainfall ６４８ mm) usinga pasture grow th model ( GRASP) to examine the sensitivity of pasture grow th to a range of climate change scenarios and twostocking strategies ( constant and responsive) .
Materials and methods Climate change scenarios were generated based on output from the CSIRO Mark ３ General CirculationModel . Changes in pasture grow th were assessed for ２０３０ . For each climate change projection combinations of higher ( H ) andlower ( L ) levels of predicted temperature ( T ) and rainfall ( R) were generated to form four combinations that consisted of T‐lower / R‐lower ( LL) , T‐lower/ R‐higher ( LH ) , T‐higher / R‐lower ( HL ) and T‐higher / R‐higher ( HH ) . Constant ( based onaverage annual pasture grow th) and responsive ( based on the amount of pasture available on the １st June each year ) stockingstrategies were used for a native pasture on a light tex tured soil of average fertility without trees . An average CO２ enrichmentscenario was applied where the base CO２ level in １９９０ was about ３５５ppm , and in ２０３０ it was ４５２ppm .
Results and discussion Variability of annual grow th increased under low rainfall scenarios , and particularly under the hightemperature/ low rainfall scenario ( Figure １ ) . The higher variability of simulated grow th between years under low rainfall ,compared to １９９０ and high rainfall scenarios , was associated with greater under‐use of available nitrogen in dry years , morenitrogen build up in the soil and relatively more nitrogen being available for grow th in wet years . The risk of less than １５００ kg /ha of annual grow th was increased under the low rainfall scenarios . The median grow th of pasture was not affected by climatechange .
Conclusions The higher variability of annual grow th under low rainfall scenarios will make it more difficult to sustainablymanage stocking rate . Finding the balance between utilising pastures for animal production and leaving them understocked forrecovery will become more difficult and better tools are needed to help pastoralists assess pasture quantity and quality ,sustainable stocking rates and recovery times of pastures .

Figure 1 Grow th f or 1990 and di f f erent climate change scenarios f or 2030 using two ty pes o f stocking strategy .

ReferenceHowden , S .M . , McKeon , G .M . , Walker , L . , Carter , J .O . , Conroy , J .P . , Day , K .A . , Hall , W .B . , Ash , A .J . andGhannoum , O . , １９９９ . Global change impacts on native pastures in south‐east Qld , Australia . Environ Model Software １４ ,
３０７‐１６ .
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A scientific framework for forecasting carbon sequestration in rangelands
C Dean and R J H arper
Forest Products Commission , 117 Great Eastern H ighway , Rivervale , WA 6103 , A ustralia , E‐mail : christopher .dean＠
f pc .w a .gov .au

Introduction The uncertainty ( higher for more arid areas ) of the worth of rangelands for carbon sequestration ( CS ) can bedetermined from the vast range of existing and seemingly conflicting scientific work by identifying and assembling the basiccomponents to form pragmatic and comprehensive CS forecasting . For the last ５０ ,０００ years people have burned or clearedforests and woodlands to favour large herbivores , and more recently to produce food , lumber , urbanisation , paper and vehiclefuel . The net effect of aerobically decomposing woody matter ( e .g . cellulose) , whether via direct combustion , burning of fossilfuels or oxidation of soil carbon following erosion is , in chemical terms , the reaction :
(n(C６ H１０O５ )) 　 ＋ 　 ６nO２ 　 ６nCO２ ↑ ＋ ５nH ２ O ＋ energy .

Vegetation‐based CS projects aim to ameliorate our carbon‐flux imbalance using １ ) the reverse of the above equation ( viaphotosynthesis) , and ２) storage of vegetation decay products as soil carbon . Also , existing forests and woodlands per se haverecently gained more recognition as ideal carbon stores . We examine the potential for CS in the ３ .８４ Mkm２ occupied by therangeland grazing industry in Australia — predominantly shrubland and woodland — i .e . a good candidate for long‐term carbonstorage . Land degradation ( e .g . severe erosion , woody thickening , and accentuation of drought effects) has followed overuseand clearing by the advancing livestock industry for over a century . It also causes increased carbon emissions and decreasedbiodiversity ( e .g .Walker and Steffen , １９９３) , and animal welfare legislation is inapplicable . Gleeson and Dalley (２００６) noticedgenerally a focus on short‐term productivity goals , opposition to environmental concerns , bureaucratic stagnation and paltryadjustments . The economics of climate change may provide impetus for change , e .g . via the Kyoto Protocol which allows foremissions to be offset by trading .
Materials and methods This paper represents a preview of a scientific literature review plus excerpts from fieldwork , andanalyses of existing and new datasets including remote sensing and GIS methods — to be published separately . The eventsconstituting carbon emission and sequestration can be simulated using superimposed sigmoidal curves , common in ecologicalstudies . Processing temporal LANDSAT imagery for vegetative cover yields the expanse and magnitude of degradation . Thedegradation GIS layer combined with layers of biomass and soil carbon permits assignment of sigmoidal curves for each pixelfrom which regional forecasts are tallied . Uncertainties in measurement arise from unmeasured hydrological carbon and the needfor ３D biomass data ( e .g . from LIDAR or radar) .
Results Some critical requisites for unequivocal results were found to be : allow between ３０ and ５００ yrs in semi‐arid and aridareas for measurable changes in C ; use environmentally and edaphically paired sites ; accommodate high spatial variability in soilorganic carbon ( SOC) — positively correlated with woody biomass ; record shrub/ tree decline and forestry activities ; measureSOC to at least root depth — deeper in coarser soils and dryer areas ; and notably : percentage changes in carbon stocks elucidate
phenomena rather than comparison of absolute values . Estimated C emission rates resulting from current management are ４ to
６０ Mt‐C .yr‐１ and for SOC : ０ .７ ％ .yr‐１‐similar in magnitude to those overseas . Estimates of CS for woody thickening are in theorder of ０ .４ t‐C .ha‐１ .yr‐１ but its extent remains undetermined . Exclusion of livestock can increase carbon stocks several fold indegraded areas , estimates for CS upon destocking range from ４ to ２５ Mt‐C .yr‐１ . We estimate CS at ～ １％ .yr‐１ , i .e . ６ Mt‐C .
yr‐１ , or ～ ３００ M t‐C over ５０ yrs . This value is halved if the Chicago Climate Exchange limit of areas with more than ３５６ mmrainfall is imposed . An uncertain prognosis for CS arises significantly from : １ ) invading buffel grass ( Cenchrus ciliaris ) whichcan dehydrate shrubs and increase burning , ２ ) climate change with increased scarcity and intensity of rainfall — inducing morefires and erosion , and ３ ) population grow th .
Conclusions The potential CS of ～ ３００ M t‐C upon destocking is not large compared with our global carbon‐flux imbalance butthere are corollary benefits such as halting the current rangeland emissions . Uncertainties remain at two levels : １ ) precision ofthe CS values , and ２ ) achieving the CS by a change in management paradigm .
ReferencesGleeson , T . , and Dalley , A . (２００６) ,�Land�. Theme commentary . Prepared for the ２００６ Australia State of the EnvironmentCommittee , Department of Environment and Heritage , Canberra . ＜ http :/ / www .deh .gov .au/ soe/２００６ / commentaries/land/ index .html ＞Walker , B .H . and Steffen , W .L . ( １９９３ ) �Rangelands and Global Change" , The Rangeland Journal , １５(１) , ９５‐１０３ .
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Seasonal and diurnal variations of net ecosystem CO2 exchange over Songnen meadow steppe in
northeastern China
Gang Dong , Jixun Guo , L iang j un Hu
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Introduction Carbon dioxide is the key factor to determine the degree of global climate change . In China , the studies on the roleof terrestrial ecosystems in the sequestration of carbon have been limited to the typical steppe located in central Mongolia andInner Mongolia , whereas for the meadow steppe , is still vacant . This paper is the first time to present results of continuousmeasurements of net ecosystem CO２ exchange ( NEE) above the Songnen meadow steppe in northeastern China using the eddycovariance technique . Our specific objectives were to : ( １ ) to describe the characteristics in variations of net ecosystem CO２exchange ( NEE) on diurnal and seasonal scales ; (２ ) to quantify the magnitude of a source or sink for atmospheric CO２ .
Materials and methods The measurements were performed in the Pasture Ecology Research Station of Northeast NormalUniversity , which located in Changling , Jilin Province of China (１２３°４４摧E , ４４°４０摧N , １６７m a . s . l .) . To evaluate the carbonsequestration of Songnen meadow steppe , which characterized by a large‐scale pattern of meadow and alkali‐saline patches , anopen‐path EC flux measurement tower was established in May ２００７ as a member of the US‐China Carbon Consortium( USCCC) for a long‐term monitoring of turbulent fluxes of CO２ , water vapor and energy (１２３°３０摧E , ４４°３５摧N , １７１m a . s . l .) .

　 Figure １ The monthly‐average diurnal variations o f
CO2 f luxes over Songnen meadow step pe during the
grow ing season in 2007 .

Results and discussion Apparently in Figure １ , the carbon assimilation was lower in the initial phase of growing season , whichcaused NEE in the daytime near the size of NEE at night . The rapidly grow th of Leymus chinensis was respect to risingtemperature and soil moisture . From June , NEE in the daytime started to increase and maintained a fairly higher than that atnight for a long time until back to balance in September subsequently . An average CO２ uptake reached a maximum of ‐０ .３７ mgCO２ m‐２ s‐１ , which can be seen in August when aboveground biomass peaked and higher than the steppe in Inner Mongolia (‐０ .
２９ mg CO２ m‐２ s‐１ , Zhang et al . , ２００７ ) . The Songnen meadow steppe acted as a net sink of atmospheric CO２ and sequestered‐
８７ .７３ g C m‐２ during the growing season in ２００７ .
Conclusions The diurnal amplitude of net ecosystem CO２ exchange ( NEE) over Songnen meadow steppe varied substantiallywithin the peak growing season , and there was a marked seasonal trend that NEE was regulated by the temperature and amountof precipitation . Firstly given the importance of Songnen meadow steppe as a terrestrial carbon store and argument concerningits carbon sink strength , this study will help to reduce uncertainties in carbon accounting for eastern Eurasia steppe .
ReferencesZhang W . L . , Chen S .P . , Chen J . , Wei L . , Han X .G . , Lin G .H . , ２００７ . Biophysical regulations of carbon fluxes of asteppe and a cultivated cropland in semiarid Inner Mongolia . Agricultural and Forest Meteorology １４６ , ２１６‐２２９ .
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The influence of simulating warming effect on Ranunculus brotherusii
Jianz hong1 Zhao and Wei L iu2
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Introduction Global warming have becoming a well known fact that is one phenomena of the global changing . Effecting andfeedbacking on land ecosystem have been researched by GCET that is becoming the hotspot in climate changing domain ( IPCC ,
１９９５ , ２００１ ) .
Materials and methods Based on the International Tundra Experiment ( ITEX ) method , we established five different size ofchambers as A ,B ,C ,D ,E and CK , and examined the simulating warming effects on buds and morality of Ranunculus
brotherusii .

Results The temperature ( surface and underground temperature) increased with the size of the chamber decreasing from CK tochamber A which had the highest temperature of １１ .９ ℃ , １１ .７ ℃ ( Figure １ ,２) . The temperature was lowest in the CK whichwere ９ .４ ℃ , ９ .９ ℃ . Compared chamber A with the control , the temperatures increased during ２００４ ( ２ .６ ℃ ,２ .２ ℃ ) ,２００５ ( ２ .
２ ℃ ,２ .１ ℃ ) and ２００６(２ .１ ℃ ,２ .０ ℃ ) . The number of buds of the Ranunculus brotherusii was increased with the temperaturewarming and they were decreased year by year ( Figure ３ ) . However , the buds number of the Ranunculus brotherusii wasdecreased with the temperature increasing in the second year and the grow th period was shortened ( Figure ４ ) . The resultsproved that the higher temperature was disadvantageous to grow th of the Ranunculus brotherusii and it would be gradually
phasing out if the climate becomes warming and warming .

Figure 1 The variation o f the average
ground sur f ace temperature in di f f erent
treatments .

Figure 2 The variation o f the average
underground temperature in di f f erent
treatments .

Figure 3 The variation o f bud number in
di f f erent treatments . Figure 4 The variation o f mortality in

di f f erent treatment .

ReferencesIPCC . Climate Change ２００１ , Impact , Adaptation , and Vulnerability [ M ] . Cambridge : Cambridge University Press , ２００１ .IPCC . Climate change １９９５ :the science of climate change summary for policy maker and technical summary of the warming
group report[ M ] .London : Cambridge University Press ,１９９５ .
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Carbon dynamics and mitigation of methane and nitrous oxide emissions in agroecosystems with
Pinus ponderosa (Dougl . Ex Laws) and native pastures established on degraded volcanic soils in
the Chilean Patagonia
Francis Dube1 , Neal S tolpe2 , Erick Zagal Venegas2 and Miguel Esp inosa Bancalari1
1 Facultad de Ciencias Forestales , Universidad de Concepción , V ictoria 631 , Casilla 160‐C , Chile
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Introduction During the １９９０s , terrestrial ecosystems captured approximately ３６％ of the total carbon liberated to theatmosphere by combustion of fossil fuels . Consequently , there is a growing interest to study the potential of carbonsequestration in presently non‐sustainable agro‐ecosystems worldwide , including remote regions such as Patagonia , where largeareas of degraded pastures and eroded soils are also encountered , and ranchers face increasing pressures to maintain the cattle‐raising productivity of their land . They are encouraged to adopt silvopastoral systems as more sustainable practices that satisfytheir socioeconomic necessities and contribute to mitigate atmospheric CO２ . According to the ３rd IPCC report (２００１ ) , the useof agroforestry systems in degraded lands constitute effective C sinks , especially with the use of perennial pasture and fast
growing trees . The objective of this study is to investigate and model the potential to sequester C in an exotic short rotationforest plantation and degraded grasslands of the Chilean Patagonia .
Materials and methods The site was located at ７３０ m altitude at S ４５°２５′W ７２°００′ near Coyhaique , Chile . The soil had low bulkdensity ( ＜ ０ .９ g cm‐３ ) and high P fixation values ( ６５‐８９％ ) . It is classified as medial , amorphic , mesic Typic Hapludands .T reatments were imposed in a randomized complete design with three replicates . Soil samples were analyzed to determine soilorganic carbon ( SOC) , microbial C and N , and soil respiration ( C‐CO２ evolution ) . Measured parameters included tree and
pasture biomass . Measured SOC values were compared with those predicted by CO２ FIX , previously calibrated to the siteconditions . Mean monthly temperature and rainfall during tree grow th period , current annual increment of trees , and
proportions of C in stems , leaves , branches and roots were used to calibrate the model .
Results Preliminary results show that the contents of SOC are greater than those predicted by the model ( Figure １ ) , whichindicate the need to adjust the soil parameters so that simulations better reflect reality . The unexpected result may be due to the
presence of volcanic soils which have distinctive properties including allophanic clays , and higher C contents in surface soilcompared to non‐volcanic soils . Additionally , soil respiration was highest in the pine plantation ( Figure ２ ) and microbialbiomass was highest in the prairie ( Figure ３ ) . Between agroecosystems , soil respiration was not correlated to SOC normicrobial biomass , perhaps due to the larger amount of roots and the presence of mycorrhizae in the plantation . Estimates ofCH４ and N２O emissions were highest in the prairie . However , pine‐based silvopastoral systems would permit addressing cattle‐raising and timber production needs and allow for the sequestration of larger amounts of C in above and belowgroundcomponents of plants and soil of the agroecosystem .

Figure 1 SOC measured and
simulated at 0 to 40 cm
dep th , Chilean Patagonia .

Figure 3 Mean C and N
microbial biomass at 0 to 40 cm
dep th .

Figure 2 Mean soil resp iration at
0‐40 cm dep th , Chilean
Patagonia .

Conclusions Once the model is recalibrated to soil conditions , it will be used with an adjacent six‐year‐old pine‐basedsilvopastoral system arranged in strips to estimate total carbon balance , and the results will be used to construct C cyclingmodels . Given the more efficient utilization of site resources and the presence of favorable microclimate , the silvopastoralsystem will permit a higher annual total biomass production and C capture in comparison with the prairie and the plantation ;also , the presence of highly active aerial and subterranean C cycles will result in a large increase in C capture . The silvopastoralsystem will have the better potential to mitigate global warming through increased sequestration of greenhouse gases , while alsobeing a more sustainable form of land use in the long term .
ReferenceIPCC . ２００１ . Climate change ２００１ : the scientific basis . Cambridge Univ . Press , Cambridge , UK , ８８１p .
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The challenge of managing key supporting ecosystem services in complex land tenure/ land use
systems — the C cycle in Mexican semiarid grasslands
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Introduction The grassland biome covers ２０％ of the arid/ semiarid region in Northern Mexico . Bouteloua gracilis is a keystonespecies with respect to providing key ecosystem services of these grasslands . Most grassland occurs on communal land , whichlacks sustainable livestock management causing severe plant cover reduction and soil erosion , in turn jeopardizes the cycling ofnutrients and water , i .e . critical supporting ecosystem services responsible for the functioning of the natural and humansystems of this region . Seventy percent of primary productivity is allocated belowground , thus grassland soils representsignificant carbon (C) stores . The C storage is important both in the local context for the functioning of the production systemsof subsistence small houshold communities and in the global contex t for regulating the global climate system . However , little isknown on how land use change may have altered the C cycle in semiarid grasslands of Mexico . We examined soil C distributionin different grassland systems along a disturbance gradient caused by land use/ cover change .We explore the hypothesis that the
provision of ecosystem services in communal land involves complex management decisions that consider both biophysical andsocioeconomic factors . We test this hypothesis with the dry land development paradigm (DDP) , a conceptual framework thatallows exploring the dynamics of vulnerable socio‐ecological systems .
Materials and methods Several grassland types differing in land use history and hence degree of disturbance were selected in thisstudy : B . gracilis grasslands with moderate grazing and heavy grazing , grasslands dominated by the African species Eragrostis
curvula ( E) , a shrub encroached savanna‐type grassland ( S) , a rain‐fed corn‐crop site ( C) , and an abandoned agricultural site( A ) . Soil samples were excavated at two depths ( ０‐１５ cm , １５‐３０ cm ) at two microsites ( beneath plants , interspace) in allgrassland sites .
Results and discussion Grasslands with long‐term moderate grazing ( M ) represent the most important soil C pools ( ＞ ２０t / ha) .However , long‐term heavy grazing and plant cover reduction do not seem to significantly decrease soil C pools at least in the top
１５ cm . However , land conversion to rain‐fed agriculture and the introduction of exotic grasses substantially reduce soil C
pools , suggesting that B . gracilis contributes with rather recalcitrant compounds to the soil C pool . Turnover rates of dead B .
gracilis roots are slightly higher in heavily grazed than moderately grazed sites . Hence , historical land cover and usesubstantially alter soil C pools and fluxes .
Conclusions Effective grazing management of native grassland ecosystem guarantees the provision of C stores as a key ecosystemservice . According to the DDP ,７０ years of heavy grazing driven by a growing regional livestock market have not pushed yet thesystem across a biophysical threshold with respect to C storage . However , additional negative effects of overgrazing ( soilerosion) on the hydrological cycle may negatively feed back on the C storage potential of the soils .
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Climate change and human activity impacts on the net primary production of alpine grassland in
northern Tibet , China
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Introduction Northern Tibet region is the headstreams of major rivers , including Yangtze River , Nujiang River , andLancangjiang River in China ( Gao et al , ２００５ ) . Based on the remote sensing data from １９８１ to ２００４ as well as other relateddata , spatial trend of alpine grassland net primary production ( NPP) and its resonances to climate change and human activity inNorthern Tibet were analyzed with the help of geographical information system .
Material and methods Alpine grassland NPP were calculated by the CASA ( Carnegie‐Ames‐Stanford Approach ) model andvalidated by comparing with observational data . Pearson coefficient was used to predict the long term variations of alpine
grassland NPP from １９８１ to ２００４ . A correlative analysis was made to calculate spatial correlation coefficients between alpine
grassland NPP and climate change in Northern Tibet . The impacts of human activity intensity was analyzed on alpine grasslandNPP based on GIS techniques .
Results The change in alpine grassland in most areas of Northern Tibet was not obvious across roughly ８９％ of total grasslandarea ; while the area with marked change only accounts for １１ .４％ , w ith roughly １１ .３％ showing decrease and ＜ ０ .１％increase ( Figure １) . In recent years , the precipitation variation in Northern Tibet resulted in an increase of grassland NPP ,though solar radiation resulted in decreased grassland NPP . During the period of １９８１‐２００４ , climate factors affected the
grassland NPP in Northern Tibet in the following orders : total solar radiation ＞ precipitation ＞ temperature ( Figure １) . Thenegative effects of local residential areas on the rate of grassland NPP change are smaller than that of roads . In general theintensity of human activity in the region near to road and the residential area are strong and the influence on grassland NPPchange tendency are bigger .

( a) T rends of NPP ; ( b) NPP and precipitation ; ( c) NPP and temperature ; ( d) NPP and solar radiation ESD is extremely significant decrease ; SD issignificant decrease ; ISD is insignificant decrease ; ISI is insignificant increase ; SI is significant increase ; ESI is ex tremely significant increase ; ESNC isextremely significant negative correlation ; SNC is significant negative correlation ; NCNS is negative correlation but none significant ; PCNS is positivecorrelation but none significant ; SPC is significant positive correlation ; ESPC is extremely significant positive correlation
Figure 1 T rends o f grassland N PP and spatial correlation between alp ine grassland N PP and annual p recip itation ,
annual mean temperature and annual solar radiation in Northern T ibet .

Conclusions Most areas in Northern Tibet did not show a significant annual NPP change . The negative effects of local residentialareas on the rate of grassland NPP change are smaller than that of roads . During the period of １９８１‐２００４ , climate factorsaffected the grassland NPP in the following orders : total solar radiation ＞ precipitation ＞ temperature . Generally , the impactof regional climate change on grassland NPP was more negative than positive .
ReferencesGao Qingzhu , Li Yue , Lin Erda , .２００５ . Temporal and spatial distribution of grassland degradation in Northern Tibet , ActaGeographica Sinica , ６０(６) :９６５‐９７３ .Nemani R .R , Keeling C .D , Hashimoto H . ２００３ . Climate‐driven increases in global terrestrial net primary production from

１９８２ to １９９９ .Science , ３００ :１５６０‐１５６３ .
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Effect of increased autumn temperature and CO2 concentration on frost hardening and winter
survival in Lolium perenne
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Introduction Before ２１００ , the average autumn temperature in Norway is expected to increase by １ .４ to ５ .９ °C ( RegClim ,
２００５) . At the same time , the CO２ concentration will increase . The aim of the present study was to investigate how atemperature increase during autumn will affect frost hardening , winter survival and spring grow th of perennial ryegrass( Lolium perenne L .) on a coastal location in Norway , at the present and a future CO２ level .
Materials and methods The experiment was carried out in open‐top chambers at S辈 rheim ( ５８ .７６°N , ５ .６５°E , ９０ m a s l , ８ kmfrom the coast) . Two cultivars of perennial ryegrass ( Riikka , Gunne) , were established in June ２００５ in １０ l polyethylene bagsfilled with a fertilized sand‐peat mixture , placed side‐by side in the chamber . There were １０ plants per bag and ２０ bags per m２ .The ground area of the chambers were ３ .４ × ２ .５ m２ and they were surrounded by １ .９ m high transparent plastic foil mountedon wooden frames , which reduced the incoming light by １５％ . In eight of the chambers , heaters were included in the air flow inorder to increase the air temperature by about ２°C from Aug . to Dec . Eight chambers were supplied with CO２ gas to increasethe CO２ concentration by about １７０ μmol mol‐１ from June to Dec . There were ４ treatments , each replicated ４ times : AmbientCO２ / ambient temperature , ambient CO２ / high temperatur , high CO２ / ambient temperature and high CO２ / high temperature .Tillers were counted and tested for frost tolerance ( LT５０ ; temperature required to kill ５０％ of the population ) ( Larsen ,
１９７８) . Spring grow th was evaluated by harvesting the total above‐ground biomass on ６ June . Data were subjected to ANOVA .
Results Increased CO２ concentration had no effect on the frost tolerance ( Table １) . Increased autumn temperature , on the otherhand reduced the frost tolerance . This effect was evident on １５ Dec . when there was １ ℃ difference in LT５０ between thetreatments . However , the difference levelled out as the winter proceeded . Riikka was more frost tolerant than Gunne . Therewere no treatment differences in tiller density or spring grow th ( not shown) , except for a ３５％ lower ( P ＜ ０ .０５ ) density inRiikka . The average ( monthly minimum) temperature for each month from Aug . ２００５ to May ２００６ in order were １３ .５ (７ .０ ) ,
１２ .６ (５ .５) , ５ .８ (０ .９) , ３ .６ (‐２ .７ ) , １ .５ (‐５ .５) , １ .５ (‐３ .４ ) , １ .５ (‐４ .３ ) ,‐０ .４ (‐１０ .８ ) , ４ .７ (‐１ .０ ) , and １０ .１ ( ３ .２ ) ℃ .The soil was bare , except for a few days of snow cover in Dec . and ３ weeks in Feb/March ( maximum depth １０ cm ) . Total
precipitation was ７３２ mm from Aug . to Dec . , and ４００ mm from Jan . to May . There was no interaction between cultivar , CO２and temperature for any parameter .
Table 1 Frost tolerance (L T50 , ℃ ) as a f f ected by temperature , CO2 concentration , and cultiv ar .

Temperature CO２ 舷Cultivar Significanceb
Ambient High Ambient High Riikka Gunne SEMa T CO CV

Nov . ‐１０ u.０ ‐１０ +.０ ‐９ 适.９ ‐１０ 棗.１ ‐１１ M.２ ‐８ 祆.８ ０ |.４０ ns ns 倡倡倡

Dec . ‐１２ u.７ ‐１１ +.７ ‐１１ 後.９ ‐１２ 棗.５ ‐１３ M.２ ‐１１  .２ ０ |.３０ 倡 ns 倡倡倡

March ‐１０ u.５ ‐１０ +.７ ‐１０ 後.４ ‐１０ 棗.７ ‐１０ M.８ ‐１０  .３ ０ |.３５ ns ns ns
a SEM ＝ standard error of the mean ; b Statistical significance ; ns , non‐significant ; 倡 , P ＜ ０ .０５ ; 倡倡倡 , P ＜ ０ .００１ ; T ＝ effect of temperature ; CO
＝ effect of CO２ ; CV ＝ effect of cultivar . There were no interactions ( P ＞ ０ .１０) between T , CO and CV .
Conclusions The predicted increase in CO２ will have a limited effect on the frost hardening in this coastal environment . Atemperature increase of ２ °C in the autumn will delay hardening and reduce the frost tolerance to some extent . However , thebest available cultivars will in most cases be frost hardy enough even with this small reduction .
ReferencesLarsen , A . , １９７８ . Freezing tolerance in grasses . Methods for testing in controlled environments . Meld . NorgesLandbruksh宝gskole ５７ , ５６pp .RegClim , ２００５ . Norges klima om １００ 狈r . Usikkerhet og 宝kt risiko . ( In Norwegian) . http :/ / regclim .met .no .
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Effect of grazing and re‐establishment of native species on soil organic matter sequestration for
the semiarid central grasslands of Canada
Iw aasa , A .D . , McConkey , B . and Schellenberg , M .
A griculture and A gri‐Food Canada‐Semiarid Prairie A gricultural Research Centre (A A FC‐SPARC) ,
Box 1030 , Sw i f t Current , Saskatchew an , Canada , S9H 3X2 , E‐mail : Iw aasa＠ agr .gc .ca

Key words :Carbon sequestration , beef cattle , native species , grazing , biodiversity
Introduction The native mixed grass prairie in North America is estimated to have been reduced to ２０ to ３０％ of its formerextent , due to agriculture expansion and urbanization . Aside from the importance that native grasslands play as a repository forbiodiversity , wildlife habitat and a grazing resource , the restoration and maintenance of native grasslands can provide animportant opportunity to mitigate greenhouse gas concerns through soil organic carbon ( SOC ) sequestration . Native grasseshave more extensive rooting system than tame species , and higher specie richness can result in higher SOC potential (Wedin andTilman １９９６) . Objective of this research was to evaluate the impact that grazing and non‐grazing treatments and different nativemixtures have on SOC sequestration potential in newly established native pastures .
Materials and methods Sixteen pastures ( ２ ha ea) were randomly set up in a ２ × ２ factorial design with four replicates : twonative mixtures [７ species simple ( S) or １４ species complex ( C ) ] and two grazing utilization levels [ low ( ４０‐５０％ ) and high(６０‐７０％ ) ] . Seeding occurred in the spring of ２００１ using a double disk air seeder . Seeding rate for the S and C mixes were ９ .
５ kg ha‐１ ［２５ pure live seeds ( PLS) per ０畅３０ m２ ] and ９ kg ha‐１ （３３ PLS per ０ .３０ m２ ) , respectively . Cattle grazing were fromthe end of June to September and in ２００２ , ２００３ and ２００４ . In each pasture a permanent enclosure (３ .６ × ３ .６ m) was used asthe non‐grazing treatment . In all pastures , SOC samples were taken in the fall of ２０００ and ２００４ . Prior to soil sampling allsurface residues in the area were cut and the soil surface flattened . In ２０００ , soil samples were taken from five different locationsites , while in ２００４ only three different location sites were used . At each location site , core samples were taken at six micro‐sites and at ０‐１５ , １５‐３０ , ３０‐４５ and ４５‐６０ cm . Determination of soil bulk density and sieving the soil sample through a ２‐mmwire sieve were done . Representative sub‐samples were ground and analyzed for SOC ( McConkey et al . ２００３ ) . Data wasanalyzed using the MIXED procedure from SAS Institute , Inc . (２０００) .
Results and discussion Average annual C sequestration rate on the newly established native pasture was ５３０ kg ha‐１ yr‐１ . Insupport , a study by Mensah et al . (２００３) on dark Brown and Black soils in Saskatchewan compared favourably to our results .Favourable moisture conditions and forage productivity generally occurred for our study , which contributed to the excellent Csequestration potential . A seed mixture x pasture utilization ( P ＜ ０ .０５ ) interaction was observed and orthogonal contrastswere used . The simple ＋ high ( S ＋ H) treatment gave the highest ( P ＜ ０ .０５) SOC level compared to complex ＋ low (C ＋ L) ,S ＋ L and C ＋ H and the SOC changes were ３畅５９ , ２ .０３ , １ .４７ and ０ .９４ ± ０ .６８ Mg C ha‐１ , respectively . Higher SOCassociated with the S ＋ H may be due to more livestock hoof action breaking down and incorporating the standing dead and litterinto the soil and enhancing decomposition and reducing loss through oxidation ( Schuman et al . １９９９) . Highest pasture forageproduction was observed for the S native mix , thus higher SOC levels were not unexpected .
Conclusion Excellent C sequestration rates can be achieved on newly established native pastures on brown soil land previouslyannually cropped . Pasture forage production and animal stocking rates can affect C sequestration levels .
ReferencesMcConkey , B .G . , et al . ２００３ . Crop rotation and tillage impact on carbon sequestration in Canadian prairie soils . Soil &Tillage Research ７４ :８１‐９０ .Mensah , F . , Schoenau , J .J . and Malhi , S .S . ２００３ . Soil carbon changes in cultivated and excavated land converted to grassesin east‐central Saskatchewan . Biogeochemistry ６３ :８５‐９２ .Schuman , G .E . , et al . １９９９ . Impact of grazing management on the carbon and nitrogen balance of a mixed‐grass rangeland .

Ecological A p p lications ９ :６５‐７１ .Wedin , D .A . and Tilman , D .１９９６ . Influence of nitrogen loading and species composition on the carbon balance of grasslands .
Science ２７４ :１７２０‐１７２３ .
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Effects of fence on daily variation of CO2 flux from the soil in Subalpine meadow of Xinjiang
JIA NG Ping‐an
E‐mail :j iang863863＠ sina .com
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Introduction The carbon cycle is the important research content of terrestrial ecosystems ( GCTE) . Grassland ecosystem as oneof the most important type in terrestrial ecosystem accounts for about ２５％ in total land , and it is one of the ecosystems thathave the most obvious response to atmospheric CO２ increase and global warming .
Material and method The experimental grasslands are the ４ fields in Bayinbuluke Grassland Ecological Station , Xinjiang . Theywere fenced for ２５ years . In order to measure greenhouse gas CO２ emission , dark enclosed chamber method is used to observegreenhouse gas emission inside and outside the fenced plots . Following formula was used : F ＝ △ m / △ t 爛 DV / A ＝ h 爛 D
△ m / △ tWhere : F ＝ gas flux ( g /m２ 爛 h) , V ＝ the volume of observation box , A ＝ soil area surrounded by observation box , D ＝ gasdensity inside box .
Results and discussion
The flux on daily variation CO2 emission flux fenced plot By comparative analysis to soil CO２ flux on the treated grassland for ２５
years inside and outside the fence , it can be seen that : CO２ emission flux inside fence is obviously higher than that outside thefence .
The relationship between CO2 emission flux and ground temperature In one day , CO２ emission flux inside and outside are basicallyfit with daily change of ground temperature at depths of ５cm and １０cm inside and outside the fence , and significantly positivecorrelation is present between them ; the correlation coefficients inside are ０ . ７１１８ , ０ . ６７５３ , respectively ; correlationcoefficients outside fence are ０ .６７７７ , ０ .６５４９ , respectively .
Relationship between CO2 emission flux and soil water potential Correlation analysis between soil CO２ emission rate and soilmoisture showed that soil CO２ emission rate has an exponential correlation with soil water potential , and correlation coefficientis ０ .６０７７ outside fence , ０ .４８６６ inside fence . Correlation coefficient outside fence is higher than that inside fence , which iscaused by soil hydrothermal coupling effect difference between inside and outside fence .
The total daily CO2 emission inside and outside fence The total daily CO２ emission inside and outside fence is an importantindicator to measure if fencing has an improvement on the soil . Total daily CO２ emission outside fence is １４ .４６５g /m２ 爛 d , totaldaily CO２ emission inside fence is １９ .１１７ g /m２ 爛 d , ３２ .１６％ more than outside fence . Af ter fencing , soil organic matter has acertain accumulation .
Conclusions Daily variation of CO２ emission flux of summer soil inside and outside fence has a obvious positive correlation with
ground temperature at depth of ５ cm and １０ cm . Daily variation of soil CO２ emission flux both inside and outside fence hascorrelation of indices with soil water potential . At the same time , maximum soil CO２ emission flux occurs when soil water
potential is at ２９ kpa ～ ３５ kpa . The fencing has a promotion role on accumulation of soil organic matter .
ReferencesGraetz , １９９４ . Changes in land‐use and land cover . I N : A global perspective ( eds . W . B . Meyer and B .L .Turner ) 〔C〕 .Cambridge Univ . Press , １２５‐１４５ .Fan Shengyue , Zhang Hui , Zhao Chengzhang . ２００６ . Grassl and types with environmental relations in middle zone of northernslop of Tianshan Mountains . Arid Land Geography ,(０６) .
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Australian Soil Carbon Accreditation Scheme (ASCAS)
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Founder , Amaz ing Carbon
13 L aurence A venue , A rmidale NSW 2350 AUSTRA L IA
Christine jones22＠ aol .com
www .amaz ingcarbon .com

Key words : soil carbon , validated trading model
Introduction Australia has the highest per capita rate of greenhouse gas emissions in the world . Appropriately managedfarmlands could effectively retrieve , store and utilise most of the excess carbon being emitted to the atmosphere , converting a
potential hazard into an extremely productive opportunity . Humified organic carbon has many benefits in soils .
The Australian Soil Carbon Accreditation Scheme ( ASCAS) rewards landholders for adopting innovative techniques designed tosequester soil carbon . The ASCAS project is a first in the Southern Hemisphere , making Australia a world leader in therecognition of soils as a verifiable carbon sink . Effective carbon management is a key factor for productive farms , revitalisedcatchments and a greener planet .The ASCAS project will provide proof of concept that :
i) innovative management practices exist for increasing the level of carbon in agricultural soilsii) improvements in soil carbon and soil health can be measurediii) landholders can be financially rewarded for building soil carbon
Materials and methods baseline soil carbon levels in the ０‐１１０cm profile were determined between August and October ２００７within Defined Sequestration Areas ( DSAs) located on regeneratively managed broadacre cropping and grazing lands acrossAustralia . In ２００８ and ２００９ the first Soil Restoration Incentive Payments ( SCIPs) will be paid retrospectively for measured ,validated soil carbon increases above these baseline levels .
Receipt of Soil Carbon Incentive Payments will be similar to being paid �on delivery�for livestock or grain , with the bonusbeing that sequestered carbon remains in soil , conferring multiple landscape health and productivity advantages .
Results and discussion Initial results indicate that soil carbon can build rapidly when farm operations enhance‐rather than detractfrom‐the four‐step soil‐building process of photosynthesis , resynthesis , root exudation and humification ( Jones , ２００７ ) . Thehumification step is generally absent from conventional chemically‐based ( including Zero Till ) cropping programs‐hence it isdifficult for soil carbon to accumulate using �standard practice�in the Australian environment .
Conclusion The Australian Soil Carbon Accreditation Scheme ( ASCAS) will convincingly demonstrate that levels of stable soilcarbon in agricultural soils CAN be increased , CAN be measured and CAN be financially rewarded .
Acknowledgement Financial assistance for soil testing has been provided by Fitzroy Basin Association , Northern AgriculturalCatchments Council and Rio Tinto Coal Australia . Technical and field assistance from WA Department of Agriculture andFood , Queensland Department of Primary Industries and Queensland Department of Natural Resources and Water are also
gratefully acknowledged . Special thanks to Rhonda Willson , Executive Chairman , John While Springs ( S ) Pte L td andDirector , Gilgai Australia , for provision of ASCAS Soil Carbon Incentive Payments .
ReferenceJones , C . E . ２００７ . Building soil carbon with Yearlong Green Farming ( YGF) . Evergreen Farming , Sept . ２００７ , p . ４‐５ .
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Mitigation of greenhouse gas emissions by the energy grass ,Miscanthus × giganteus
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Introduction As a result of the increasing demand for biomass energy crops to replace the fossil fuels oil , gas and coal there hasbeen a renewed interest in identifying suitable energy crops which are close to carbon neutral . Biomass crops not only have thecapacity to reduce fossil fuel consumption , but can aid in greenhouse gas ( GHG) mitigation by acting as carbon sinks . Hencethe construction of a full GHG budget for these crops is of vital importance . Reliable budgets depend on validation from longterm grow th trials but because of the relatively recent interest in dedicated energy crops these trials are few in number . Clif tonBrown et al (２００７) have recently reported on １６ years of grow th trials with the perennial rhizomatous C４ grass Miscanthus ×

giganteus , Life‐cycle assessment has been used to synthesise the net environmental impact of energy crop cultivation comparedwith conventional agricultural land uses , and energy crop combustion compared with fossil fuels , with particular regard toGHG emissions .
Materials and methods A field trial of Miscanthus × giganteus has been established near Cashel , Co . Tipperary , Ireland ( ５２°
３９′N , ０７°５０′W) since June １９９０ . From １９９１ to ２００５ , yield was determined in late February or early March ( average ９ t dry‐matter ha‐１ a‐１ ) . To determine the amount of carbon sequestered to the soil by ２００５ , １５ years after planting , one soil core wastaken from each of the eight replicate plots and the Miscanthus derived organic carbon present in the soil was detected bymeasuring the change in the １３C stable isotope signal ( average ０ .６７５ t C ha‐１ a‐１ ) . For details of this procedure see Clif tonBrown et al . ( ２００７ ) . A life‐cycle approach was used to quantify the major GHG emission sources associated with theproduction of useful heat ( kWhth ) from Miscanthus that is harvested and pelleted before combustion ( Styles and Jones , ２００７ &
２００８)‐these calculations were updated with Cashel data .
Results Life‐cycle GHG emission reductions ( average per hectare) possible where Miscanthus displaces conventional fuels forelectricity generation and heat production , and dominant agricultural land‐uses .

Conclusions Fuel chain GHG emissions attributable to Miscanthus are between ７０％ and ８８％ lower than those for oil , gas andelectric heating fuel chains , and ８６％ lower than for the peat‐electricity fuel chain . However , long‐term soil C sequestrationwhen Miscanthus is grown on either grassland or tillage land exceed cultivation emissions , and , along with possibledisplacement of marginal agricultural production , could result electricity and heat production better than C‐neutral . With life‐cycle GHG reductions of between ９ .６８ and ３７ .１５ t CO２ eq . ha‐１ a‐１ , energy crop electricity and heat production represent highlyefficient land‐use options for GHG mitigation .
ReferencesClif ton Brown JC , Breuer J , Jones MB (２００８) Carbon mitigation by the energy crop , Miscanthus . Global Change Biology １３ ,
２２９６‐２３０７ .Styles D , Jones MB ( ２００７) Energy crops in Ireland : quantifying the potential life‐cycle greenhouse gas reductions of energy‐crop electricity . Biomass and Bioenergy ３１ , ７５９‐７７２ .Styles D , Jones MB (２００８) Miscanthus and willow heat production — an effective land‐use strategy for greenhouse gas emissionavoidance in Ireland . Energy Policy , ３６ , ９７‐１０７ .
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Warming‐induced decline in ecosystem services is mitigated by plant traits on the Tibetan Plateau
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Introduction Experimental studies of how global changes and human activities affect plant diversity often focus on broadmeasures of diversity and discuss the implications of these changes for ecosystem function . We examined how experimentalwarming and grazing affected species within plant groups of direct importance to Tibetan pastoralists : medicinal plants used byhumans and palatable plants consumed by domestic livestock . We posed the following questions : How do experimentalwarming and grazing affect the number of medicinal and palatable plant species ?Is one plant group relatively more vulnerable tospecies losses than the other ?Are plant traits associated with particular plant use groups ? If so , do the plant traits mediate themedicinal and palatable plant group responses ?
Materials and methods We established an experiment at four sites within the NE region of the Tibetan Plateau ( latitude ３７°３７′N , longitude １０１°１２′E) . We fenced each of the four ３０ × ３０m sites within which we laid out １６ plots in a ４ × ４ matrix . Withineach site , we established a complete factorial experimental design where we simulated warming using open top chambers
( OTCs) and the defoliation effects of grazing through selective clipping . We characterized the plant species as medicinal or nonmedicinal and as palatable or non palatable .We also characterized the species according to four plant traits : life history , grow thform , rooting depth , and phenology . We examined significant associations between plant groups and plant traits using the Chi‐Square statistic . We also examined plant group responses to the treatments using a split‐plot , repeated measures ANOVA .
Results Warming resulted in species losses from both the medicinal and palatable plant groups ; however , differential relativevulnerability occurred . With respect to the percent of warming‐induced species losses , the overall plant community lost ２７％ ,medicinal plants lost ２１％ , and non medicinal plants lost ４０％ species . Percent species losses for both palatable and non
palatable species were similar to losses in the overall plant community .Warming increased the proportion of medicinal plants by
０ .０６ ; commensurate declines in the proportion of non medicinal plants occurred . The proportion of palatable and non palatable
plant species did not change with warming . Most medicinal plants were deep‐rooted , while most non medicinal plants wereshallow‐rooted . Palatable and non palatable plant groups were comprised of both deep and shallow‐rooted plant species . Thewarming‐induced percent species loss and proportional changes for deep and shallow‐rooted plant species reflected those for themedicinal and non medicinal plant species , respectively .
Discussion The deep‐rootedness of medicinal plants resulted in lowered sensitivity to warming , while the shallow‐rootedness ofnon medicinal plants resulted in greater sensitivity to warming ; the variable rooting depth of palatable and non palatable plantsresulted in an intermediate response to warming . Some degree of resistance was built into the response of the palatable plant
group due to the presence of both deep and shallow‐rooted plant species . Predicting the vulnerability of plant groups to humanactivities can be enhanced by knowledge of plant traits , their response to specific drivers , and their distribution within plant
groups . Knowledge of the mechanisms through which a driver operates , and the evolutionary interaction of plants with thatdriver , will also aid predictions .
Conclusions Plant groups which deliver important provisioning and cultural ecosystem services on the Tibetan Plateau arevulnerable to species losses with warming . These important plant groups are likely to be vulnerable to future warming in thisregion of the Tibetan Plateau , potentially leading to the reduced well‐being of the pastoralists . Future steps to protectecosystem services furnished by medicinal and palatable plants will be required under the novel stress of a warmer climate .Grazing may be an important tool in maintaining some of these services under future warming .
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Introduction Rangeland degradation on the Tibetan Plateau is of ten attributed to overgrazing . However , the effects of on‐goingclimate changes , and their interactions with grazing , are rarely explored . In previous work , we demonstrated that experimentalwarming decreased plant diversity , plant aboveground production , and resulted in less palatable shrubs replacing more palatable
graminoids ; these effects were dampened by grazing ( Klein et al . , ２００４ & ２００７) . Here , we compared the shorter‐term , site‐scale experimental responses to the longer‐term , regional‐scale responses .
Materials and methods We sampled four sites along a ７００ km transect in Qinghai Province , China on the NE region of theTibetan Plateau . The sites ranged from ３２０‐５６０mm of mean annual precipitation and from ‐３ .５ ℃ to ３ .５ ℃ mean annualtemperature . At each site along this transect , we sampled inside fenced areas where large herbivore grazing had been excludedfor ４０ years and outside of the fenced areas where dormant‐season grazing occurred . We measured plant species richnessthrough documenting plant species presence/ absence in all plots and measured aboveground peak standing biomass throughdirect vegetative harvests .

　 　 　 Figure 1 Graz ing e f f ex ts on species richness across sites .

Results Mean annual precipitation , nottemperature , was positively associated withaboveground vegetative biomass and speciesrichness across non‐grazed and grazed plots .The difference in biomass and richness betweenthe wettest and the driest sites was three timesgreater in the grazed than in the non‐grazedplots . Grazing effects on vegetative propertiesdepended on site precipitation . Grazingdecreased at drier sites and increased at wettersites both biomass and species richness ( Figure
１) .
Discussion The positive association betweenmean annual precipitation and vegetativecharacteristics is consistent with results fromother semi‐arid grassland systems . However ,the lack of an association between mean annualtemperature and vegetative characteristicscontradicts the findings from the experimentalmanipulations . There may be both an ecological and methodological explanation for these opposing results at different scales .Our findings are consistent with previous work which demonstrates the strong role of precipitation in mediating the vegetativeresponse to grazing ; however , the observed direction of the response was novel . To develop a comprehensive understanding of
grazing effects on plant characteristics , we need to differentiate between dormant versus growing season grazing as themechanisms driving the responses differ .
Conclusions Both climate and grazing interact to affect the rangelands of the Plateau . While there may be a large , negativeresponse of biomass and richness to climate warming , over the very long‐term these properties may recover . However , futurechanges in precipitation and grazing regimes may have large , non‐linear , and persistent effects on vegetation . Grazed systemsmay be more sensitive to future changes in precipitation than non‐grazed systems . Predictions of future precipitation‐inducedchanges in ecosystem properties may underestimate the magnitude of change that will occur in grazed systems .
ReferencesKlein , J .A . , Harte , J . , Zhao , X .Q . , ２００４ . Experimental warming causes large and rapid species loss , dampened bysimulated grazing , on the Tibetan Plateau . Ecology Letters ７ , １１７０‐１１７９ .Klein , J .A . , Harte , J . , Zhao , X .Q . , ２００７ . Experimental warming , not grazing , decreases rangeland quality on the TibetanPlateau . Ecological A p p lications １７ , ５４１‐５５７ .



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]891　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Climate Change and Impact on Grasslands/Rangelands

Carbon sequestration by grasslands and forests
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Introduction Much R and D funding is invested in forestry development in an endeavour to increase terrestrial C storage .However , it is not generally acknowledged that grasslands , including sown pastures and rangelands , are equally as importantfor the storage of C as forests (�t Mannetje , ２００８) .
Grasslands Fisher et al . ( １９９４ ) measured soil C storage of ２３７ t / ha under a ６‐year‐old A ndropogon gayanus‐Sty losanthes
cap itata pasture , with about half of it in the ４０‐１００ cm deep soil layer , compared with １８６ t / ha under unimproved savanna inColombia . At another site , the soil under unimproved savanna held １９７ t / ha C , compared with ２２３ t / ha under Brachiaria
humidicola alone and ２６８ t / ha under a B . humidicola‐A rachis p intoi pasture .
Recent research in Colombia and Costa Rica (�t Mannetje et al . , ２００８ ) showed that : １ ) Mean soil C stored in native forestsand in long‐established improved pastures were about the same (１５７ vs １６０ t ha‐１ ) . However , mean total C ( in soil and aboveground biomass) in forest was ４０ ％ more than in grasslands (２６１ vs １６２ t ha .) ２ ) In the humid tropical region of Costa Ricaimproved pastures and silvopastoral systems had higher soil C sequestration than degraded pasture and native forest , indicatingthat well managed pastures have an important role in mitigating green house gas emissions .
Forests Forests accumulate C mostly in roots , trunks , leaves and litter . However , once trees are mature and have little or no
grow th , they will assimilate only as much Ca s they lose in respiration . Old‐grow th neo‐tropical forests do not accumulatesubstantial amounts of C in the form of net biomass increases (Clark ２００２) . Mature trees in temperate forests do not contributesignificantly to C sequestration . Current atmospheric C levels limit photosynthesis and grow th and thus do not add to Cstorage . During spring , when deciduous trees develop new leaves , they rely heavily on C reservoirs of sugars , starches andfats , because atmospheric C is insufficient ( Hoch et al . , ２００３) . Furthermore , limited supplies of other nutrients , particularlyN and P , may limit assimilation and grow th . Nevertheless , clearing forest leads to a great loss of C in the biomass to theatmosphere , which cannot be replaced by grassland C sequestration in the short term .
Considerable C emissions to the atmosphere take place in forest systems in the humid tropics as a result of decaying litter anddecomposing soil organic C and that rivers in humid forested ecosystems , like Amazonia , are C‐saturated and add toatmospheric C ( Richey et al . , ２００２) . Mayorga et al . ( ２００５ ) concluded that Amazonia was , at best , in equilibrium with theatmosphere regarding C , and possibly even added to atmospheric C .
ReferencesClark , D .A . , ２００２ . Are tropical forests an important carbon sink ? Re‐analysis of the long‐term plot data . Ecological
A p p lications , １２ , ３‐７ .Fisher , M .J . , Rao , I .M . , Ayarza , M .A . , Lascano , C .E . , Sanz , J .I . , Thomas , R .J . and Vera , R .R . , １９９４ . Carbonstorage by introduced deep‐rooted grasses in the South American savannas . Nature , London , ３７１ , ２３６‐２３８ .Hoch , G . , Richter , A . and K迸rner , C . , ２００３ . Non‐structural carbon compounds in temperate forest trees . Plant , Cell and
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Non‐CO2 greenhouse gas emissions associated with winter management and farm effluent
application in grazed grassland systems in New Zealand
J . L uo1 , S . Saggar2 , S .F . Ledgard1
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Key words :Nitrous oxide , methane , stand‐off pad , farm effluent , pasture , grazing systems
Introduction In New Zealand ,�stand‐off pads�( purpose built , drained loafing space to hold livestock for periods when it is notsuitable to have them on pasture) are increasingly used in restricted cattle grazing systems . These stand‐off pads are consideredto avoid damage to pasture , to minimise soil compaction and to reduce emissions of greenhouse gas nitrous oxide ( N２O ) andnitrate leaching during wet periods of the year . However , emissions of N２O and methane (CH４ ) also occur from stand‐off padsand from land applied farm effluent collected from stand‐off pads . Reducing the emissions from these sources is crucial to thedevelopment of successful restricted grazing strategies to reducing their environmental impact . Here we summarise the resultsof N２O and CH４ emissions measured from a stand‐off pad and also N２O emissions from effluent applied to two pastoral soilsunder contrasting soil moisture conditions .
Materials and methods The stand‐off pad was used for holding ２１ non‐lactating cows for about １８ h per day ( following ６ h
grazing pasture) for ８６‐day period between late June and early August when soil was wet . The pad ( ３００ m２ ) consisted ofscreened crushed pine bark and sawdust and an effluent drainage collection system . The effluent from the stand‐off pad wasapplied onto a long‐term white clover / ryegrass based pasture on poorly‐drained Waikato Te Kowhai silt loam soil during thevery dry seasons of ２００４ and ２００５ . The farm effluent was also applied on poorly‐drained Tokomaru silt loam soil in theManawatu region three times between ２００３ and ２００４ . The effluent was applied at N loadings between １６ and ５０ kg N ha‐１ perapplication . Measurements of N２O and CH４ fluxes originating from the stand‐off pad were made while it was being used ( Luo
et al . ２００８a) . N２O emissions were also measured from the effluent applied and control sites using large numbers of staticchambers ( Luo et al . ２００８b) .
Results and discussion Nitrous oxide fluxes from the stand‐off pad ranged between ０ and ３ .０ g N２O‐N day‐１ and were probablyrelated to the concentrations of water and nitrate in the pad materials . Overall only ５４ g of N２O‐N was emitted from the stand‐off pad supporting ２１ cows for the June‐August , ８６‐day period , representing about ０ .０１％ of the excreta N deposited on the
pad . Methane fluxes from the stand‐off pad were between ０ and ３６０ g CH４‐C day‐１ , and were related to the amount ofaccumulated dung on the pad surface over time . Methane emissions from the pad during the measurement period were ３ .０ kgCH４‐C , and the CH４ emission value was ２ .３４ g CH４ / kg excretal C deposited on the pad . Application of effluent to grazed
pastures increased N２O fluxes compared to the control . N２O emissions from effluent applications were most strongly influencedby soil water‐filled pore space (WFPS) and excretal‐N inputs through grazing , and ranged from ０ .０１ to ４ .９３％ of the effluentN ( Table １) . N２O emissions were higher when pastures were grazed and soil WFPS was above field capacity , while emissionswere lower when pastures were not grazed and soil WFPS was much below field capacity .
Table 1 N itrogen ap p lied through f arm ef f luent and N 2O emissions ( Luo et al . 2008b) .

Location Application time Soil WFPS ( ％ ) N applied
( kg N ha‐１ )

N２O emitted
( kg N２O‐N ha‐１ )

Emission factor
( ％ )

Waikato Apr ２００４ �３０‐５３ 行５０ 侣.０ ０ .０１５ ０ l.０３
Waikato Feb ２００５ 趑２６‐３８ 行５０ 侣.０ ０ .００４ ０ l.０１
Manawatu Sep ２００３ 铑６１‐９０ 行２３ 侣.９ ０ .４７１ １ l.９７
Manawatu Jan ２００４ 沣６９‐９４ 行２５ 侣.２ １ .２４３ ４ l.９３
Manawatu Feb ２００４ 趑５６‐７７ 行１８ 侣.０ ０ .４４９ ２ l.４９

Conclusions The use of stand‐off pads in New Zealand during winter when soil is wet and strategic application of farm effluentduring summer and autumn when soil is dry can significantly reduce N２O emission from grazed pastures . Delaying effluent‐application after grazing events could further reduce N２O by reducing the levels of surplus mineral‐N . Emissions of CH４ f romeffluent‐application are needed to determine for assessment of effects of using stand‐off pads and restricted grazing on totalemissions of greenhouse gas from �whole" systems .
ReferencesLuo J , Ledgard SF , Lindsey SB (２００８a) A test of a winter farm management option for mitigating nitrous oxide emissions froma dairy farm .Soil Use and Management , ( in press) .Luo J , Saggar S , Bhandral R , Bolan , N , Ledgard SF , Lindsey SB ( ２００８b) Effects of irrigating dairy‐grazed grassland withfarm dairy effluent on nitrous oxide emissions . Plant and Soil , ( under review ) .
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Process‐based modelling of timothy survival in winter
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Introduction Timothy ( Phleum p ratense , L .) is the most widely grown sown grass species for silage and hay production inScandinavia , and is common in many other countries with a cold and maritime climate , like Canada and the Baltic countries .Although timothy is a winter hardy species , every winter some damage is suffered . The two most severe damage mechanismsare frost and ice‐encasement followed by anoxia and build‐up of toxic compounds in and around the plants . The major tolerancemechanism is hardening , which can be quantified as the LT５０ ( Lethal Temperature for ５０％ of the plants in standard testing ) .Climate change is expected to increase both average winter temperature and weather variability . This may impede the hardening
process . The international project WINSUR aims to quantify the associated risks for Norwegian grassland , using bothexperimentation and process‐based modelling .
Materials and methods Our work builds on previous work with the grassland model LINGRA ( Schapendonk et al . １９９８ ) . Wereviewed the literature on timothy ( H迸glind et al . , ２００１ ) and performed simulations with the model showing that tilleringdynamics and the formation and loss of leaves from tillers were key knowledge gaps for timothy . This was addressed byexperimentation followed by model improvement in these areas ( Van Oijen et al . ２００５ ) . We now have expanded the model toinclude simulation of snow and frost dynamics , and damage and tolerance mechanisms .
Results The model was extensively tested for various sites in Southern and Middle Norway . The dynamics of LT５０ and totaltiller density , showing severe tiller loss during February — April ( days ４００‐５００ in the Figure below ) showed reasonablecorrespondence with observations .

Figure 1 Simulation o f L T５０ and T iller density in Saerheim , Southern Norway during the grow ing seasons o f ２０００ and
２００１ and the w inter in between .

Conclusions and outlook The process‐based timothy model seems to capture the essential dynamics of the grassland system inboth summer and winter . Hardening is the key tolerance mechanism , not only against frost but also against ice encasement .Further model development is under way .
ReferencesH迸glind , M . , Schapendonk , A .H .C .M . & M . Van Oijen ( ２００１) . Timothy grow th in Scandinavia : a review of quantitativeinformation on underlying processes and an analysis by means of simulation modelling . New Phytologist １５１ : ３５５‐３６７ .Schapendonk A .H .C .M . , Stol , W . , Van Kraalingen , D .W .G . & B .A .M . Bouman (１９９８) . LINGRA , a sink/ source modelto simulate grassland productivity in Europe . European Journal o f A gronomy ９ : ８７‐１００ .Van Oijen , M . , H迸glind , M . , Hanslin , H .M . & N . Caldwell ( ２００５ ) . Process‐based modelling of timothy regrow th .

A gronomy Journal ９７ : １２９５‐１３０３ .
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Socio‐ecological influences on grazier uptake of seasonal climate forecasts on the rangelands in
Australia
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Introduction Climate variability is the strongest driver of interannual variation in primary and secondary production in therangelands and savannas and as a consequence has enormous socio‐economic impact on rural livelihoods ( Ash et al . ２００７ ) .Losses during drought periods can be extremely severe . In the face of climate variability , a key challenge facing graziers is tomake appropriate management decisions so as to minimise losses in droughts and take advantage of favourable seasons , thusenhancing their resilience ( Ash et al .２０００) . One means of achieving this is through the use of seasonal forecasts . Yet , graziersare slow to uptake the technology . In this study , we aimed to identify the major socio‐ecological differences between graziersthat are interested or not in the uptake of technology such as seasonal climate forecasts . The potential influences that we focuson include social , economic and environmental resource dependency ( Marshall et al . ２００７ ) , social resilience ( Marshall andMarshall ２００７) and perception of change events ( Marshall ２００７) .
Materials and methods One‐hundred graziers from the Upper Burdekin catchment in Queensland were interviewed in theirhomes . Interviews were based on structured surveys that aimed to quantify a grazier摧s ( i) social relationship with the land interms of attachment to the land and community , family dependency and employability , ( ii) economic relationship with the landin terms of financial flexibility and business size , ( iii) environmental relationship with the land in terms of current approaches tomaking decisions in the face of climate uncertainty , ( iv ) resilience to climate variability in terms of perception of risk , capacityto reorganise , ability to cope and interest in adapting to climate variability , and ( iv ) perception of seasonal climate forecasts .The relationships between these socio‐ecological descriptors of graziers and graziers�likely uptake of seasonal climate forecastswere investigated using correlative techniques to assess which factors were most influential in determining forecast uptake .
Results Results suggest that several aspects of a grazier摧s social , economic and environmental relationship with the land weresignificantly correlated with the likelihood that seasonal climate forecasts would be incorporated into grazier摧s decisions .Aspects of social resilience such as the capacity to learn and reorganise were also significantly correlated with uptake . Grazierssaw SCF more as means of minimising losses in drought years and maximising opportunities in good years rather than for day‐to‐day stock handling . In addition , results showed that current scientific information is difficult to follow and the perception ofseasonal climate forecasts could be improved in terms of how forecasts are presented , interpreted and valued .
Conclusions Our aim is to increase the adaptability of the grazier‐grazing lands system to climate variability . Understanding howgraziers prepare for climate variability each year and identifying the factors that influence their preparation can significantlyassist in presenting seasonal climate forecasts to the grazing community in a way that ensures that they are interpreted andvalued appropriately . In doing so , this research addresses the challenge of assisting graziers to prepare for climate variabilitythrough improving the useability of seasonal forecasts .
ReferencesAsh , A . , J . McIntosh , B . Cullen , P . Carberry , and M . S . Smith . ２００７ . Constraints and opportunities in applying seasonalclimate forecasts in agriculture . Australian Journal of Agricultural Research ５８ :９５２‐９６５ .Ash , A . , P . O摧Reagain , G . M . McKeon , and M . Stafford Smith . ２０００ . Managing Climate Variability in GrazingEnterprises : A Case Study of Dalrymple Shire , North eastern Australia . in G . L . Hammer , N . Nicholls , and C . Mitchell ,editors . Applications of Seasonal Climate Forecasting in Agricultural and Natural Ecosystems . Kluwell AcademicPublishers , London .Marshall , N . A . , and P . A . Marshall . ２００７ . Conceptualising and Operationalising Social Resilience within CommercialFisheries in Northern Australia . Ecology and Society １２ :http :/ / www .ecologyandsociety .org / vol１２ / iss１１ / art１１ / .Marshall , N . A . , D . M . Fenton , P . A . Marshall , and S . Sutton . ２００７ . How Resource‐Dependency Can Influence SocialResilience Within a Primary Resource Industry . Rural Sociology ７２ :３５９‐３９０ .Marshall , N . A . ２００７ . Can Policy Perception Influence Social Resilience to Policy Change ? Fisheries Research ８６ :２１６‐２２７ .
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Plant productivity responses to rising atmospheric CO2 and warming in semi‐arid grassland in
Wyoming , USA
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Introduction There is little information on the responses of native grasslands to combined global change factors . Thisexperiment examines how plant productivity in a northern mixed‐grass prairie near Cheyenne , WY , USA responds to combinedCO２ enrichment and warming .

　 Figure 1 Peak seasonal aboveground biomass p rior to
treatments (2005) and as a f f ected by grow th at variable
CO2 （ C&c ) and temperature ( T & t ) ( 2007 ) .
倡 indicates treatment signi f icance at P ≤ 0 .05 level .

Materials and methods The Prairie Heating and CO２ Enrichment( PHACE) experiment consists of thirty ３‐m diameter circular
plots in native semi‐arid grassland at the USDA‐ARS HighPlains Grasslands Research Station , west of Cheyenne , WY ,USA . The focus of this presentation is on ２０ plots assigned tofactorial combinations of two CO２ and temperature treatments :ct present [ CO２ ] & present tempcT present [ CO２ ] & warm [ ＋ １ .５ /３ .０ ℃ day / night]Ct elevated [CO２ ] (６００ ppm) & present tempCT elevated [ CO２ ] & warm ,with five replications . Measurements of aboveground plantbiomass ( AGB) were determined in late July each year , the timeof peak aboveground biomass . Results are presented for twoyears only , the pre‐treatment year of ２００５ and in ２００７ whentreatments had begun .

　 Figure 2 Peak seasonal aboveground biomass o f p lant
f unctional groups p rior to treatments (2005) and as
af f ected by grow th at variable CO2 （C&c ) and
temperature ( T & t) (2007) . 倡 indicates signi f icance
at P ≤ 0 .05 level .

Results Both total ( Figure １) and functional group ( Figure ２)AGB differed in some of the treatment plots prior to initiation of theCO２ and warming treatments , so statistical tests for treatmenteffects were performed by evaluating differences in AGB before(２００５ ) and after (２００７ ) treatments had begun . Total AGB declinedfrom ２００５ to ２００７ ( significant year effect) , but declined １３ .５ g m‐２

more under present ambient [ CO２ ] ( c ) , indicating elevated CO２

（C) enhanced AGB in ２００７ ( Figure １ ) . Warming had no effect ontotal AGB . The C３ grasses , which dominate this grassland ,displayed similar AGB responses to CO２ and warming as total AGB( Figure ２) . However , AGB of C４ grasses was enhanced in ２００７ byboth CO２ （C ) and warming ( T ) . Warming ( T ) increased C４

productivity more at elevated ( C) than at ambient ( c) [ CO２ ] .
Conclusions These preliminary results confirm results of Morgan etal . (２００４) that CO２ enrichment increases plant production in semi‐arid grasslands . Further , they suggest combined rising CO２ andtemperature may enhance productivity of warm‐season , C４ grasses .
ReferencesMorgan , J .A . , D .E . Pataki , C . K迸rner , H . Clark , S .J . DelGrosso ,J .M . Grünzweig ,A .K . Knapp ,A .R . Mosier ,P .C .D . New ton , P .A . Niklaus , J .B . Nippert , R .S . Nowak , W .J .Parton , H .W . Polley and M .R . Shaw . ２００４ . Water relationsin grassland and desert ecosystems exposed to elevatedatmospheric CO２ . Oecologia .１４０ :１１‐２５ .
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Impacts of human interference and climate variability on the grasslands of Kerala
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Human interference on the environment and anomalies in climate pose a serious threat to the existence of grasslands in theWestern Ghats Mountain in Kerala , southwest part of Peninsular India . In Kerala , shola evergreen grasslands constitute nearly
０ .７５ per cent of the total natural forest cover of the state . Protection of the shola grasslands is important in maintaining foodand water securities in Kerala and the adjoining state Tamil Nadu . These grasslands find at １８００ metres above the sea level andstore large quantities of water on the mountain ranges . Nine months of rainfall , round the year mist and dew makes thegrassland area always wet . The grasslands have a very high capacity to retain water and release them gradually . Covered mostof the time with mist , ２０ per cent of the water they receive is precipitated as dew throughout the year . The stream originatingfrom the grasslands are perennial but with the destruction of the grasslands , they are beginning to dry up . Many of the riversin Kerala and Tamil Nadu originate from the shola grasslands and were perennial . Introduction of agriculture widely spoit thesholas during the past two centuries . Almost ７５％ of the ３５０ km２ of shola grasslands were lost between １９４９ and １９９２ in theNilgiri Biosphere Reserve area alone . Situation is worse in other parts of the Ghats . Newly introduced plantations such aseucalyptus consume excess water and cause severe damage to biodiversity and sustainability of the ecosystem . About a third ofthe rare species are estimated to be endemic . Several dams in the Ghats also contributed to the destruction of the grasslands .Grasslands face serious challenges from the promotion of hill tourism , increasing trends in population and urbanization andovergrazing . Changes in climate also are a threat to the remaining grasslands . Increase in temperature in certain locationsaffects the soil moisture condition . It also affects the formation of mist and dew . Increasing seasonality and intensity in rainfall
promotes erosion and reduces water availability in non‐rainy months . Current conservation and protection measures areinadequate and the implementation mechanism of ten fails because of the slow government reaction , fragmented organizationalstructure , misappropriation of funds and so on . This paper is a comprehensive study of the factors affecting the existence of
grasslands in the Western Ghats Mountain region of Kerala in changing climate and environments . Suggestions for the efficientcontrol of degradation of the grasslands have been provided , taking into consideration the environmental , social , economic and
political situations .
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A conceptual model to explain increasing woody biomass in arid and semi‐arid regions
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Introduction An increase in woody biomass in semi‐arid and arid rangelands has been reported from Africa , Australia theAmericas . This trend impacts negatively on the ability of rangelands to support livestock . The trend has been attributed tochanges in １) the fire regimes , ２ ) the type and amount of herbivory , ３ ) the timing and intensity of climatic factors ( e .g .drought ) and ４) increased atmospheric carbon dioxide concentrations ( [ CO２ ] a ) . [ CO２ ] a are increasing and simultaneously , panevaporation rates have been declining and the density of woody biomass has been increasing in arid and semi‐arid regions . Therate of CO２ fixation by leaves increases as the supply of [ CO２ ] a to chloroplasts increases . The increase in biomass production isgenerally larger under xeric than mesic conditions . An increase in photosynthesis and the observed decline in stomatalconductance explains increased water‐use efficiency , which , in conjunction with decreased pan evaporation rates , is equivalentto an increased availability of water . We propose that woody thickening could be attributable to the enhanced soil and plantwater status . We highlight observations of increased tree water‐use‐efficiency , reduced global run‐off and increased soilmoisture as evidence supporting the mechanism .
Materials and methods We explored long‐term climate data sets for southern Africa to determine whether site wetness has beenincreasing . This included analysing records from evaporation pans , rainfall and run‐off at these sites . We review evidence ofdecreased stomatal conductance and resulting increased �climate wetness index" , and test the three predictions detailed abovethat increased tree water‐use‐efficiency , reduced global run‐off and enhanced plant water status occur in response to CO２enrichment . We explored trends in the leaf area index for areas with a known history of woody biomass increase using theMODIS LAI .
Results Pan evaporation rates have decreased for arid and semi‐arid regions of southern Africa and Australia . There is nodiscernable trend in annual precipitation . The MODIS LAI data confirmed that leaf area index has increased in rangelandsexperiencing woody encroachment in Australia , South Africa and the USA . Vapour pressure deficit ( VPD) has decreased forwater‐limiting ecosystems of Africa , Australia and the Indian sub‐continent ( Nemani et al . , ２００３) . There is evidence of globalsoil moisture increasing ( Robock et al . , ２００５ ) , w ith a positive soil moisture trend from Jornada LTER . Elevated moisturelevels across land‐use gradients have been documented in the southern Kalahari .
Conclusions If CO２ enrichment is reducing stomatal conductance and enhancing soil moisture stores , we predict a more positive
plant water status will be observed under CO２ enriched conditions . As pan evaporation rates have declined , the availability ofsoil moisture has increased , effectively equivalent to increased rainfall . This , coupled to the increase in N deposition , hasincreased canopy LAI and hence CO２ uptake and has resulted in an increased ecosystem‐scale woody thickening . Super‐imposedon this is the decrease in stomatal conductance resulting from increased atmospheric [ CO２ ] a . The model proposed here haswide‐ranging ramifications to policies on afforestation , woody weed control and carbon sequestration .
ReferencesNemani , R .R . , Keeling , C .D . , Hashimoto , H . , Jolly , W .M . , Piper , S .C . , Tucker , C .J . , Myneni , R .B . , Running , S .W . , ２００３ . Climate‐driven increases in global terrestrial net primary production from １９８２ to １９９９ . Science ３００ , １５６０‐１５６３ .Robock , A . , Mu , M .Q . , Vinnikov , K . , T rofimova , I .V . , Adamenko , T .I . , ２００５ . Forty‐five years of observed soilmoisture in the Ukraine : No summer desiccation ( yet) . Geophys . Res . Lett . ３２ , L０３４０１ .
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The soil organic carbon spatial distribution of degraded grassland with Black Soil Type in the
source region of Yellow River
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Introduction Soil carbon storage and its dynamics influence soil fertility and grassland productivity , they are very importantindications which reflect soil quality , grassland health and carbon circulation of grassland ecosystem ( Doran et al . １９９９ ) .Currently , studies on the degraded grassland with Black Soil Type play an important role on Tibetan Plateau grassland . It is of
great significance to the cause and restoration of degraded grassland with Black Soil Type by studying soil organic carbonstorage and its spatial distribution .
Materials and methods Soil samples were collected in ０‐１０ , １０‐２０ , ２０‐３０cm layers at a total of ３０ soil samples from ６ soil
profiles in three types and degraded degrees of degraded grassland with Black Soil Type in September , ２００６ ( Pan ２００６ ) . Thesoil samples were air‐dried , passed through a ２ mm mesh , and homogenized . Soil organic carbon were analyzed by the methodof potassium dichromate capacity .
Results Soil organic carbon spatial distribution showed that : (１) Soil organic carbon storage (０‐１０ cm soil layer) decreased from
７ .０５％ in lightly degraded grassland to ４ .６６％ in heavily degraded degree , soil organic carbon storage in ０‐１０ cm layer washigher than that of １０‐２０ cm layer and ２０‐３０cm layer , It was very significance for soil organic carbon between ０‐１０ cm layer and
１０‐３０ cm layer . (２) Soil organic carbon content in bottom type was ６畅５７％ , ５畅１９％ in slow‐slope type and ４ .６８％ in steep‐slope type ( data was average of three soil layers) . Following with the soil layer increasing soil organic carbon reduced , ０‐１０ cmlayer has largest content of soil organic carbon .

Figure 1 Soil organic carbon spatial
distribution in three degraded degree o f�black soil ty pe" degraded grassland .

Figure 2 Soil organic carbon in three ty pes
degraded grassland .

Conclusions Soil organic carbon spatial distribution of degraded grassland with Black Soil Type was that content ofsoil organic carbon decreased with the increase of soil depth , soil layers and degraded degrees . Bottom type has large carbonand steep‐sloping type was least .
ReferencesDoran , J .W . , Jones ,A .J . , Arshad ,M .A . １９９９ . Determinants of soil quality and health Soil Quality and Soil Erosion , CRCPress , １７ ～ ３６ .Pan D .F . ２００６ . Study on the Types and Grade Partition Criterion of Degraded Grassland with Black Soil Type in the Three‐River Headwaters Region , Graduate student thesis , Gansu Agriculture University , ２０‐２４ .
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Research on the relationship between climate and plant community in north grassland of China
Pan Xuebiao1 ,Wei Y urong1 ,2 Long Buj u1 Pan Zhihua1
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Introduction Farming‐pastoral transitional zone is an important region in Northern China , whatever from its productivity orecological function . For several decades , overgrazing have made the significant changes of vegetation . The land is beingcontinuous degradation . Although there is lack of historical vegetation cover data , long‐term meteorological data has beencollected for the past ４０‐５０ years . To explore the dynamic of vegetation which is effect by climate , large area survey , andhistorical data analysis are used .
Methods Located in agro‐pastoral ecotone ( ４１°０６′ and ４４°０８′ Nlatitude , １１１°２７′ and １１８°４８′ East longitude , two sites wereselected to analyze the phenology from １９８５ to ２００５ , and ７ sites was used to do investigation of grassland biodiversity in twoyears .
Plant species include Xanthium mongolicum , Plantago asiatica , I ris ensata , Taraxacum o f f icinale in Wuchuan County ofInner Mongolia ,and Leymus chinensis , Stip a baicalensis , A rtemisia f rigida and Heteropap pus altaicus in Xilinhot of InnerMongolia . A general linear model ( GLM ) was used to evaluate the grass phenology . Grassland survey was conducted in plantflower season to measure the number of individual plant species and the dry matter , then to calculate the biodiversity .
Results The result showed that the grass phenology , the stages of germination and flowering trended to come early for
Xanthium mongolicum , Plantago asiatica . , I ris ensata . , Taraxacum o f f icinale during １９８２ to ２００５ and grow th season waslengthened , because annual mean temperature and winter temperature increased in Wuchuan County of Inner Mongolia . Thelength of grass grow th season is related to accumulative maximum temperature , accumulative mean temperature and annual
precipitation . In Xilinhot , the anthesis of Leymus chinensis were appeared from the last ten‐day of April to the last ten‐day ofJuly , but there were only ４ years to appeared anthesis during ２０ years . The Stipa baicalensis had stronger adaptability , so itsanthesis were usually in the middle ten days of August , sometime it appeared early in the last ten‐day of July and late in the lastten‐day of September . A rtemisia f rigida was of strongest adaptability and the grow th stage was not lengthening because ofharsh environment . Heterop ap pus altaicus developed normally .
It is important to work on the law of grass grow th , development , the temporal and special variance of plant biodiversity on
grassland community for adapting to climate change . Based on the observation of grass grow th and development and samplingmethod of field survey , the variation of herbaceous phenology , biomass and biodiversity were analyzed with Marglef richnessindex ( MRI) and Simpson biodiversity index ( SBI) . These methods can be used to reflect the species richness .
A model of grasses phenology and grow th were developed . Grassland sampling and surveying from Middle East to Midwest ofInner Mongolia were taken in July to August of ２００６ and ２００７ separately . The results showed that biodiversity and biomass ofsampling plots were very different between sampling places . Because climate is different , the biomass was higher when
precipitation was more or temperature was lower in Inner Mongolia grassland , and the Margalef 摧s biodiversity index decreasedwhen drought index increased .
Conclusions and discussions Phenology period are ahead of time due to the temperature increase , especially the minimumtemperature during winter season . The annual growing season has lengthened by ４ .５ days over the past ２０ years . Grassesdevelopment stages are influenced by climate fluctuation . Climate also effect on the biodiversity which increase with moreprecipitation , and decrease with lower precipitation .
ReferencesChmielewski F M , Rootzer .T . ２００１ . Response of tree phenology to climate change across Europe . A griculture and Forest

Meteorology , １０８ (２) : １０１ ～ １１２ .Kramer K , Leinonen I ,Loustau D . ２０００ . The importance of phenology for the evaluation of impact of climate change ongrow th of boreal temperate and Mediterranean forests ecosystems an overview . Int . J . Biometeorol . , ４４(２) :６７ ～ ７５ .Menzl A . ２０００ . T rends in phonological phase in Europe between １９５１ and １９９６ . Int .J . Biomete orol . ４４ (２) :７６ ～ ８１ .
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Initial responses of carbon cycling to elevated CO2 and warming in native semiarid grassland ,
Wyoming , USA
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Introduction The effect of climate change on carbon ( C) cycling , and potential feedbacks to global warming , constitute majoruncertainties in prediction of future ecosystem sustainability . Decomposition of soil organic matter ( SOM ) pools may bestimulated by warming , but additional allocation of C belowground due to elevated atmospheric [ CO２ ] may offset warming‐enhanced losses . Alternatively , warming may reduce SOM decomposition and if soil moisture becomes limiting , but elevated
[ CO２ ] may ameliorate soil moisture conditions in semiarid grasslands . We measured C pools and fluxes to evaluate globalchange effects on the C cycle at the Prairie Heating and CO２ Enrichment ( PHACE) facility in Wyoming , USA . Microbialcommunity structure and decomposition experiments demonstrated mechanisms driving C cycle changes .
Methods The native grassland at the PHACE site is dominated by C３ grasses ( Pascopy rum smithii and Stip a comata) w ithimportant C４ grass ( Bouteloua gracilis ) and sub‐shrub components . Within the ３‐m diameter treatment rings , elevated [ CO２ ]is raised to ６００ ppm by direct injection in daytime during the grow th season , and air temperature is warmed to ＋ １ .５ / ＋ ３°Cday / night year‐round with ceramic heaters . [ CO２ ] treatment started in ２００６ , warming in ２００７ , and will continue through
２０１０ . Additional irrigation treatments allow estimation of CO２ interactions mediated by soil moisture .
We measured net ecosystem exchange ( NEE) of CO２ , gross primary production ( GPP) , and ecosystem respiration ( Re) usinga canopy gas exchange chamber , and soil respiration ( Rs) using CO２ concentration gradients and a closed chamber technique .Stable isotopes indicated the source of CO２ in soil respiration ( labile vs . stable C ) . Soil samples were collected near peakbiomass . Laboratory incubations at ２５C were used to determine active and slow SOM pool sizes and mean residence times
( MRT ) . Quantitative PCR was used to assess microbial community structure .
Results and discussion Rates of C cycling were increased by elevated [ CO２ ] , warming and irrigation . Additions of irrigationwater immediately stimulated Re , and later GPP , and elevated [CO２ ] further enhanced the component C flux rates . During thefirst year of elevated [CO２ ] , ecosystem and soil respiration were enhanced more than was GPP , leading to lower net C uptakerates under elevated [ CO２ ] than ambient conditions . Isotope partitioning will demonstrate the proportion of Rs derived fromrecent plant inputs vs . older soil organic matter . We speculate that enhanced respiration may be derived from priming( enhanced decomposition) of older SOM by labile C substrates allocated belowground in the elevated [ CO２ ] treatment .
The ecosystem warming treatment stimulated decomposition in the laboratory experiment , leading to lower MRT of SOM in the
５‐１５ cm soil depth . If this effect continues in future years , SOM storage rates could decline in a warmer climate . Warming alsoincreased the fungi :bacteria ratio , possibly because fungi are more tolerant of warmer and drier conditions . Stable isotopiccomposition of microbial CO２ suggested that warming enhanced the loss of labile C . Interactions between SOM quality andmicrobial community composition are expected to continue to adjust as global change treatments continue , making long‐term
predictions uncertain .
Conclusions Responses of C cycling to the first year of elevated CO２ and warming in native semiarid grassland suggested that Cstorage in soils could be reduced in a future greenhouse world . If woody plants or grasses with lower litter qualities are favoredby elevated CO２ or warming , as suggested in a companion experiment , reductions in C storage could be offset . We anticipatethat our long‐term experiment will help reduce uncertainties of climate‐C cycle feedbacks associated with soil processes .
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Methane yields from grazing livestock : an overview
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Summary Grasslands are chiefly utilised by ruminant and ruminant‐like ( camelids) livestock species . A unique property of thesespecies is their ability to convert cellulose , hemicellulose and non‐protein nitrogen to useful animal products ; which is achievedby the microbial fermentation in their forestomach . Fermentation , however , is associated with production of methane (CH４ ) ,which not only represents a waste of feed energy , but CH４ is also a powerful greenhouse gas . Ruminants are the single mostimportant source of CH４ emission and globally enteric CH４ emissions from managed grasslands have been estimated to accountfor ４４ Tg / yr ( Clark et al . ２００５ ) . There is a convention in international inventory comparisons of expressing enteric CH４emission from ruminants as CH４ yield ( ％ of gross energy intake , GEI) . Here we overview the main factors responsible forCH４ yield from grazed livestock .
The general underlying mechanisms by which enteric CH４ yield is determined include the rate and extent of fermentation , thefermentation pattern ( type of volatile fatty acids produced) , and the hexose partitioning between fermentation and microbial
grow th ; which encompass diet , animal and microbial interactions . In grazing systems , the most important factors influencingCH４ yield include feed intake , animal species , botanical composition and plant maturity , and management interventions .T ropical plant species are not only less digestible than temperate species , but they contain larger amounts of more�methanogenic�plant constituents ( cell walls) than the temperate species . In addition , the livestock species found in tropicalenvironments have evolved physiological , structural and behavioural adaptations to counter environmental stresses and thehighly fluctuating feed resources . Prolonged retention in the forestomach of fibrous feeds to extract the maximal amount ofenergy would appear to be the strategy adopted by species adapted to the feed‐scarce tropical environment ( Pinares‐Pati鼻o et al .
２００３) . Thus , it would be expected that CH４ yield from livestock in tropical environments be higher than in temperateenvironments .
Calculation of CH４ yield requires estimations of both feed intake and CH４ emission . Despite the large research efforts , theestimation of feed intake of grazing animals is still inaccurate ; whereas the SF６ tracer technology allows reliable estimations ofCH４ emissions , although with high variability . The considerable number of grazing trials involving CH４ emission measurementsconducted during the last decade indicate mean CH４ yields from cattle and sheep grazing temperate grasslands in the range of
３畅７‐７ .５％ of GEI ( e .g . Pinares‐Pati鼻o ２０００ ;Machmüller & Clark ２００６) , although some studies in the northern hemispherehave reported CH４ yields for cattle up to ８ .８％ of GEI ( e .g . McCaughey et al . １９９９) ; whereas CH４ yields for cattle in tropicalenvironments fall in the range ７ .８‐１１畅９％ of GEI ( Primavesi et al . ２００４ ) . In temperate environments , mean CH４ yields fordairy cows are ５ .５％ of GEI , whereas non‐lactating animals tend to have higher CH４ yields ( e .g . Pinares‐Pati鼻o et al . ２００７) .In contrast to non‐lactating or slow‐growing animals , lactating cows have increased feeding drive and therefore higher intakeslikely result in shorter retention times of feed and therefore lower fibre digestibility and lower CH４ yield . It seems that theIPCC (２００６) default CH４ conversion factors are appropriate for livestock in temperate regions , but it likely underestimates CH４yields for livestock in tropical regions . Attempts to predict CH４ emissions from grazing animals have been so far unsuccessful .
ReferencesClark , H . , Pinares‐Pati鼻o , C .S . & C . DeKlein ( ２００５ ) . Methane and nitrous oxide emissions from grazed grasslands . Pp .
２７９‐２９３ in : D .A . McGilloway ( Ed .) , Grassland : A Global Resource , Wageningen Academic , Wageningen .International Panel on Climate Change ( ２００６ ) . Guidelines for National Greenhouse Inventories , Vol . ４ . IGES , Hayama ,Japan .Machmüller ,A . & H . Clark (２００６) . First results of a meta‐analysis of the methane emission data of New Zealand ruminants .International Congress Series , １２９３ , ５４‐５７ .McCaughey , W . P . , Wittenberg , K . & D . Corrigan (１９９９) . Impact of pasture type on methane production by lactating beefcows . Canadian Journal o f A nimal Science , ７９ , ２２１‐２２６ .Pinares‐Pati鼻o , C .S . (２０００) . Methane emission from forage‐fed sheep , a study of variation between animals . Ph . D . Thesis ,Massey University , Palmerston North , New Zealand . ２２６ pp .Pinares‐Patino , C .S . , D�Hour , P . , Jouany , J .‐P . and C . Martin ( ２００７ ) . Effects of stocking rate on methane and carbondioxide emissions from grazing cattle Agriculture , Ecosystems and Env ironment , １２１ , ３０‐４６Pinares‐Pati鼻o , C .S . , Ulyatt , M .J . , Waghorn , G .C . , Lassey , K .R . , Barry , T .N . Holmes , C .W . & D .E . Johnson(２００３) . Methane emission by alpaca and sheep fed on lucerne hay or grazed on pastures of perennial ryegrass /white clover orbirdsfoot trefoil . Journal o f A gricultural Science , Cambridge , １４０ , ２１５‐２２６ .Primavesi , O . , Frighetto , R .S .T . , Pedreira , M . , de Lima , M .A . , Berchieli , T .T . & P .F . Barbosa ( ２００４ ) . Metanoenterico de bovinos leiteros em condi毕泵es tropicais brasileiras . Pesquisa A gropecuaria Brasileira , ３９ , ２７７‐２８３ .
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The application of dynamic evaluating models of the meteorological condition effects on natural
grassland vegetation in China
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Introduction The meteorological elements are the most changeable and important driving factor for grassland ecologicalenvironment . It is very important to evaluate meteorological condition effects on natural grassland vegetation . The objective ofthis study was to establish dynamic evaluating models of meteorological condition affecting natural grassland vegetation toevaluate the climate suitability and better or worse meteorological conditions among years .
Materials and methods The functions of sunlight , temperature , precipitation affecting to grassland vegetation have been setuprespectively by utilizing the fuzzy mathematics on the base of ten days data . The comprehensive evaluation model ofmeteorological factors has been built . The accumulated effects of the meteorological factors on the grassland vegetation incertain period have been reflected by using the integral methods ( Qian et al . ２００７ ) . The climate suitability has been evaluatedby using the meteorological condition indices . And better or worse meteorological conditions have been evaluated by comparingmeteorological condition indices among years .
Results The methods were applied in China grassland from ２００５ to ２００７ . The climate suitability of grassland vegetation grow thwas reflected in certain period , the higher meteorological condition index , the more suitable for grassland vegetation grow th ,such as blue color part in Figure １ . The meteorological condition index differences can also reflect the better or worsemeteorological conditions among years for China nature grassland vegetation grow th ( Figure ２ ) , demonstrated by the grassyield and height observed in nature grassland among years .

Figure 1 Climate suitability in July ２００６ f or
natural grassland vegetation in China .

　 　 　

Figure 2 Meteorological condition indices in July
２００６ f or natural grassland vegetation in China
compared w ith ２００５ .

Conclusions The results of evaluation are satisfied in service . The information is the very important for the governmentdepartment to make decisions to protect and recover grassland ecological environment .
ReferenceQian S . , Mao L .X . , Zhang Y .H . ２００７ . Modeling for the evaluation of meteorological conditions of natural grasslandvegetation in China . Ch inese Journal o f Ecology , ２６ , １４９９‐１５０４ .
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Effects of different management on soil organic carbon dynamics in Chinese grassland systems
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Introduction The grassland ecosystem is one of the most important land ecosystems in the world . In China grassland area isnearly ４００million ha , occupies ４１ .７％ of the national territory area . Meanwhile it is a large global carbon storage ( Cheng etal . , ２０００) . Therefore , it is a vital significance to study the effects of the human management on soil organic carbon dynamicsin grassland ecosystems .
Materials and methods By reviewing one hundred references and analyzing the change of soil organic carbon under grasslandmanagement in long‐term experiment , we built the SOC&MANAGEMENT database . Finally , we used meta‐analysis toestimate carbon annual change with grassland management in China .

A :alpine meadow B :mountain meadow C :temperate meadow D :temperate steppe E :temperate desert
F :temperate desert steppe H :alpine steppe I :shubby grassland
Figure 1 The annual increase ( t C 爛 hm‐２ 爛 y r‐１ )o f SOC and grassland f or
ty pes o f management in China .

Results In the Figure １ , the diamond position and the size have represented the fixed estimate effect and ９５％ confidenceinterval . There is a large SOC losses under the over‐grazing condition : ‐８ .６７７tC 爛 hm‐２ yr‐１ while the light grazing andreclamation makes the SOC decreased respectively : ‐１ .９５tC 爛 hm‐２ yr‐１ and ‐２ .４５５tC 爛 hm‐２ yr‐１ . The enclosure managementincreased the soil organic carbon : ０ .０９６tC 爛 hm‐２ yr‐１ .
Conclusions The soil structure in grassland aggravates unceasingly with the grazing intensity increasing . In addition , massiveorganic matter expose in the air , which accelerates the decomposition of SOC and reduces the carbon accumulation . But theconversion of grassland into farmland leads the aboveground biomass to move away and reduce the biological carbontransportation into underground . However , the fenced grassland can increase the SOC as it was not affected by the domesticanimal or human management .
ReferencesChen Z Z , Wang S P ,Wang Y F . ２０００ .Typical grassland ecosystem of China .Beijing :Science press ,２１１‐２５３ .Li X Z , Chen Z Z , １９９８ . Influnence of stocking rates on C ,N , P contents in plant‐soil system .A cta A grestia S inca ２ ,９０‐９８ .
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Soil‐atmosphere exchange and mitigation of nitrous oxide and methane emissions in New
Zealand摧s terrestrial biosphere
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Introduction New Zealand is unique in having a greenhouse‐gas‐emissions inventory dominated by two non‐CO２ greenhousegases ( GHGs) , CH４ （３６畅２％ ） and N２O (１７畅２％ ) ( M fE ２００７) . The dominance of these gases in the inventory results fromthe strong agricultural base of the New Zealand economy and the relatively low levels of heavy industry and vehicular CO２emissions per unit land area . Both the net uptake of CH４ by soils and N２O emissions from soils are strongly influenced bychanges in land use and management . Quantitative information on the fluxes of these two non‐CO２ GHGs is required for a rangeof land uses and management effects to determine their contributions to the national emissions inventory , and to assess thepotential of mitigation options . Here we describe the soil N２O fluxes and CH４ uptake and their mitigation strategies for a rangeof New Zealand land‐use and management systems , collated from published and unpublished New Zealand studies .
Materials and methods In situ and farm‐scale N２O and CH４ fluxes were measured using a large number of chambers in differentNew Zealand farm systems including ungrazed and dairy‐ and sheep‐grazed pastures ( Saggar et al . ２００４a , ２００７a ) . Annualfluxes were estimated by interpolation between the measured flux values and by using a process‐based NZ‐DNDC model ( Saggaret al . ２００７b) .
Results Nitrous oxide emissions are highest in dairy‐grazed pastures , intermediate in sheep‐grazed pastures and lowest in forest ,shrubland and ungrazed pasture soils . N deposited in the form of animal urine and dung and N applied as fertiliser , are theprincipal sources of N２O production . Although nitrification inhibitors have showed some promise in reducing N２O emissionsfrom grazed pasture systems , their efficacy as an integral part of farm management has yet to be tested . In contrast to N２Oemissions , soil CH４ uptake was highest for a New Zealand Beech forest soil , intermediate in some pine forest soils , and lowestin most pasture and cropland soils . Soil CH４ uptake is also seasonally dependent . Afforestation/ reforestation of pasturesincreased soil CH４ uptake , largely as a result of increases in soil aeration status and changes in the population and activities ofmethanotrophs ( Tate et al . ２００７) . We are testing whether soil methanotrophs could be used to capture CH４ emissions in herd‐homes on dairy farms and in barns .
Table 1 A nnual nitrous ox ide emissions and methane up take in New Zealand land use and land management systems .
Land use N２O emissions( kg N２O‐N ha‐１ ) CH４ uptake( kg CH４‐C ha‐１ )

Measured Modeled Measured
Dairy‐grazedBeef‐grazedSheep‐grazedDeer‐grazedUngrazedCroppingShrub landPineNative forest

９ M.６ — １１ .７n/ a
３ .７ — ４ .５n .d .
０ .９ — １ .８
２ .３ — ３ .２ ( season)n .d .
０ .６n .d .

１１ 0.９ — １４ .３
６ .５ — ９ .３
５ .５ — ８ .１
４ .９ — ７ .４
１ .９ — ３ .０
６ .０ — ７ .４n .d .n .d .n .d .

０ $.５ — １ .０n .d .
０ .６ — １ .０n .d .
＜ １ .０
～ １ .５
２ .３
４ .２ — ６ .４
１０ .５

Conclusions Strategies and best management practices for mitigation of N２O emission include : improvement of overall N‐useefficiency ; manipulation of N in the animal to reduce N excretion ; lower N contents of pastures ‐ supplementary feed ; wintermanagement ‐ stand‐off pads ; strategic application of farm effluents ; use of controlled‐release N‐transformation inhibitors andbiochar . A new approach is being tested for CH４ mitigation using the methanotrophs in soil to capture some of the enteric andanimal effluent CH４ in confined locations ( e .g . , herd‐homes and barns) .
ReferencesMfE (２００７) . New Zealand摧s Greenhouse Gas Inventory １９９０‐２００５ : the National Inventory Report and Common ReportingFormat , July ２００７ . Ministry for the Environment , Wellington , New Zealand . p . １８４ .http :/ www .mfe .govt .nz / issues/climate/ about / greenhouse‐gas‐inventory .htmlSaggar S , R .M . Andrew , K .R . Tate , C .B . Hedley , N .J . Rodda , & J .A . Townsend ( ２００４ ) . Modelling nitrous oxideemissions from New Zealand dairy grazed pastures . Nutrient Cycling in A groecosystems . ６８ , ２４３‐２５５ .Saggar S , D .L . Giltrap , C . Li , & K .R . Tate ( ２００７a) Modelling nitrous oxide emissions from grazed grasslands in NewZealand . A griculture Ecosystems & Env ironment １１９ , ２０５‐２１６ .Saggar S , K .R . Tate , D .L . Giltrap & J .Singh ( ２００７b) . Soil‐atmosphere exchange of nitrous oxide and methane in NewZealand terrestrial ecosystems and their mitigation : a review . Plant & Soil DOI : １０ .１００７ / s１１１０４‐００７‐９４２１‐３ .Tate K .R . , D .J . Ross , S . Saggar , C .B . Hedley , J . Dando , B .K . Singh & S .M . Lambie ( ２００７ ) Methane uptake in soilsfrom Pinus radiata plantations , a reverting shrubland and adjacent pastures : effects of land‐use change , and soil tex ture ,water and mineral nitrogen . Soil Biology & Biochemistry ３９ , １４３７‐１４４９ .
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Investigation of affecting some climatic factors on distribution of plant societies in Eastern
Alborz ( IR‐Iran)
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Introduction Climatic elements determine plant communities in each area , wherever important plant characteristics such asdistribution , diversity and density are affected by climatic factors and different ecosystems are formed by these parameters . Infact , condition of vegetation in nature is affected from climatic factors and understanding of relationship between plant andclimatic factors is important step in ecological management of rangeland ecosystems especially diverse mountain rangelands .Height effect moisture and temperature change which are the most important factors of distribution of plant associations ( Songet al . , ２００６) . The climatic factors with affection on soil moisture control changes of plant communities ( Knapp et al . , ２００２) .Plant communities due to affectability of climatic variations such as temperature and precipitation are created ecological plant
groups of trees , bushy trees , shrubs and grasses ( Taghipour , ２００５ ) . This research was done in order to recognizing andunderstanding of natural models between climatic factors and vegetation to determine ecological plant groups in mountainrangelands of eastern Alborz .
Materials and methods Mountain rangelands of eastern Alborz are located in Mazandaran Province in north of IR‐Iran . Plantcommunities were identified by floristic‐physiognomic method and were named based on dominant species . Sampling was doneby randomized method . Data analysis was done with SAS statistical program and analysis of variance was done in completelyrandomized design with important degree factor of dominant species of plant communities .
Results and discussion The results of vegetation study showed five plant communities as follows : １ . Festucaov ina‐Stip a barbatawith associate species such as : Brumes tomentellus , B . tectorum , A gropy ron elongatum , Melica persic ; ２ . Stipa barbata‐
Festuca ov ina with associate species such as : B . tomentellus , A . elengatum . A . cristatum , Hordeum glaucum ; ３ .
A cantholimon p terostegium‐ A stragalus gossy p inus , w ith associate species such as : A stragalus brachystachys , Verbascum
thapsus , Thymus caucasicus , A canthophy lum p terostegium , ４ . Onobrychis cornuta‐A canthophy llum p terostegium withassociate species such as : Teucrium polium , Phlomis herba‐venti , A stragalus aureus , and ５ . Rosa iberica‐Lonicera
f loribunda with associate species such as : Juniperus communis , 　 Berberis integerrima , Cerasus pseudop rostrata , J . sabina .Some study showed that distribution of grasses and shrubs is related to their humid needs in rangeland ecosystems ( Jafari etal . , ２００１ ; Song et al . , ２００６) . Also , the study of Walker et al (２００５ ) showed that with increased of temperature , vegetationcover percentage and height of grass and shrub forms have .
ReferencesJafari , M . , Bagheri , M .H . , Ghanadha , M .R . , Arzani , H . , ２００１ . Investigation of interactions of soil physicochemical
properties and dominant plants in location of Qom . I ranian Journal o f Natural Resources ５５(１ ) : ９５‐１０５ ( In persian) .Knapp , A .k . , Fay , P .A . , Blair , J .M . , Collins , S .L . , Smith , M .D . , Carlisle , J .D . , Harper , C .W . , Danner , B .T . ,Lett , M .S . , McCarron , J .K . , ２００２ . Rainfall variability , carbon cycling , and plant species diversity in a mesic Grassland .Science ２９８ , ２２０２‐ ２２０５ .Song , A . , Liu , S . , Shi , Z . , Dong , L . , ２００６ . Quantitative classification and ordination of sub alpine meadow in WolongNature Reserve . Applied Ecology ７ (７) : １１７４‐ １１７８ .Taghipur , A . , ２００５ . Effect of environmental factors on distribution of range plants in Hezargarib region of Behshahr . MScThesis , University o f A gricultural Sciences and Natural Resources o f Gorgan , １１７pp ( In Persian) .Walker , M .D . , ２００５ . Plant community responses to experimental warming across the tundra biome . PNA S , １０３ (５) : １９４２‐
１９４６ .
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Differential effects of nitrogen and phosphorus additions on the ecology of soil and vegetation of
dry tropical forests and derived savanna ecosystems in India
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Introduction Landscape transformation and atmospheric nutrient depositions , important global change drivers , are rapidlyoccurring in Indian dry tropical regions supporting natural forest and derived savanna ecosystems . The Vindhyan Plateau ,extending across the central part of India , potentially supports tropical deciduous forests have now been degraded into savannasdue to anthropogenic influences through centuries . As a result the regional landscape shows vast expanses of savanna , bearsintense cattle grazing especially during rainy season , interspersed with variously sized patches of forests ( Singh １９８９ ) .Atmospheric nitrogen ( N ) and phosphorus ( P) deposition values in these ecosystems range from ９ .１‐２７ .１ kg ha‐１ yr‐１ and １ .４‐
４ .２ kg ha‐１ yr‐１ , respectively ( Singh and T ripathi ２０００) . The objectives of this study are to understand the potential effects ofN and P additions for eight years ( from １９９４‐２００１ ) on plant grow th , tissue nutrient concentration , carbon ( C ) flux , soilnutrient availability and soil microbial biomass ( C , N and P ) in forest , ecotone and savanna ecosystems in dry tropicalVindhyan region .
Materials and methods The present study was carried out at three study sites , namely , natural forest , ecotone and savannalocated in the Marihan Range of Mirzapur Forest Division (２４０

５５′ to ２５０
１０′ N lat . and ８２０

３０′ to ８２０
４５′ E long ; elevation １５０‐

２５０ m amsl) . At each study site , a sample area measuring １００m × １００m was marked . Within each sample area , ９ randomlylocated permanent plots ( each １２m × １２m) were demarcated , of which ３ plots were added with N ( Urea applied ＠ １５０ kg Nha‐１ ) , ３ plots received single super phosphate ( ＠ ５０ kg P ha‐１ ) , and three plots without additions were treated as control .Beginning １９９４ , in each annual cycle ( July‐June) , except in control plots , N and P additions were made in soil during July /August within ２‐３ days after the occurrence of first significant rains .
Results Nutrient addition increased ( about １ .５‐２ .５ times) density and aboveground plant biomass of herbs in these ecosystems .N addition considerably decreased the diversity of herbaceous vegetation , whereas the P addition has little effect . N additionincreased the proportion of graminoids , whereas the P addition increased the abundance of few dicot forbs . Herb shootsnutrient content increased rapidly af ter initial nutrient addition . While N addition significantly increased the tissue Nconcentration in grasses , the P addition increased the concentrations of N and P in legumes in these ecosystems . Most of thetree species did not respond to first year nutrient addition . However , the responses were evident in few species in ２nd and ３rd
year of nutrient addition . The fine root biomass responded positively to N addition with greater proportions in upper ( ０ ～ １０cm) soil depth . The effect of P addition on fine root was less marked . Ammonification was dominant over nitrification in theforest and ecotone while the reverse was true in the savanna . Available nutrient status , N‐ mineralization rate and microbialbiomass ( C , N and P) were significantly affected by nutrient additions . Savanna ecosystem soil responded more rapidly tonutrient addition than the forest and ecotone . However , the responses were retained for a longer period in the forest andecotone soils than in the savanna . Addition of N significantly increased the proportion of macroaggregates in forest and ecotonesoils , whereas the same input decreased the proportion considerably in the savanna . Besides , N addition also altered thebiological and chemical qualities of soil aggregates . The effect of P addition on soil aggregate stability was marginal . In thecurrent scenario of N loading , continued soil N loading in forest may lead to increased macroaggregates with associatedmicrobial biomass C and N and greater aggregate stability . In contrast , the extensively distributed savannas may show over allreverse trends leading to nutrient loss and reduction in its carrying capacity .
Conclusions We conclude that when either N or P are added to tropical forest and savanna ecosystems the soil and plants areaffected differently depending on the amount and the quality of organic matter present in the soil . Contrary to the generalbelief , N addition seems to have more powerful control on the structural and the functional qualities of soil and vegetation thanthe addition of P in these dry tropical ecosystems .
ReferencesSingh K P , T ripathi S K . ２０００ . Impact of environmental nutrient loading on structure and functioning of terrestrialecosystems . Current Science , ７９ , ３１６‐３２３ .Singh , K P .１９８９ . Mineral nutrients in tropical dry deciduous forest and savanna ecosystems in India . In : Mineral Nutrients inT ropical Forest and Savanna Ecosystems ( ed Proctor J) , pp . １５３‐１６８ . Blackwell Scientific Publication , Oxford , Landon .
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T‐FACE experiment in the Qinghai‐Tibet Plateau
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Introduction Scientists have used both passive and active experimental designs to simulate climate warming . However , for manyof the designs the conditions are so unnatural that quantitative extrapolation to field conditions is questionable ( Kimball ２００５) .Here , our aims are to : (１) describe warming effect of the temperature free‐air controlled enhancement ( T‐FACE) system onthe microclimate and ( ２) assess the applicability and suitability for longer‐term studies of climate warming on the ecology of analpine meadow at Haibei , Qinghai‐Tibet plateau , China .
Materials and methods The experimental site is located at the Haibei Alpine Meadow Ecosystem Research Station( HBAMERS) , Chinese Academy of Sciences . In May , ２００６ eight hexagonal arrays of Mor FTE ( １０００W , ２４０V ) infraredheaters were built over grass along with eight dummy arrays over reference plots ( Kimball et al . , ２００７ ) . The experimentaldesign included two factors ( warming and grazing ) with each of the resultant ４ treatment combinations replicated ４ times tototal １６ plots in a completely randomized block distribution in the field . Air temperature and relative humidity at the ３０ cmheight of the soil surface , soil temperatures ( at ０ ,５ ,１０ ,２０ and ４０ cm soil depths) and moisture ( at １０ ,２０ ,３０ and ４０ cm soildepths) were measured and then １５‐min averages were analyzed . The grazing treatment was imposed just once on August １６ in
２００６ , and there was no significant difference between grazing and no‐grazing treatments by the end of growing season .Therefore , the grazing treatment plots were regarded as additional replicates , so that the results of the warming treatment wereanalyzed using ８ replications .
Results The degrees of vegetation warming during daytime averaged １ .１８ ℃ and at nighttime averaged １ .６９ ℃ ) , which closelymatched our set points of １ .２ ℃ and １ .７ ℃ , respectively . The T‐FACE system had little effect on daily air temperature at ３０cm above the ground surface in the growing season (１５ ～ ２０ cm above canopy in August) . Average values of soil temperature at
０ , ５ , １０ , ２０ and ４０ cm were significantly increased by １ .３ ～ １ .５ ℃ ( ０ ～ ２０ cm ) and ０ .５ ℃ ( ４０ cm ) , and warming onlyincreased the diurnal soil temperature range at ５ cm . Although warming caused decreases of approximately ３ ～ １３％ of relativevalue of soil water content from １０ ～ ４０ cm on the volumetric basis , these differences were not significant ( P ＞ ０ .０５) betweenwarmed and no warmed plots at the different time scales ( hourly , daily , monthly and seasonal) for １０ ～ ４０ cm soil depths .Therefore , the T‐FACE system simulated the changes in vegetation and microclimate well that are expected with future globalwarming .
ReferencesKimball , B .A . , ２００５ . Theory and performance of an infrared heater for ecosystem warming . Global Change Biology １１ :
２０４１‐２０５６ .Kimball , B .A . , Conley , M .M . , Shiping Wang , Xingwu Lin , Caiyun Luo , Morgan , J . , Smith , D . , ２００８ . Infrared heaterarrays for warming ecosystem field plots . Global Change Biology ( in press)
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Introduction Agriculture is an important emission source of greenhouse gases ( GHG) . The emission amount of GHG from theland use changes reached １ .６ × １０

１５ g every year , which was the secondary important source of GHG ( Houghton ,１９９５) . Howto effectively control the agricultural emission amount of GHG has become an urgent problem . This paper preliminarily studiedthe effects of orchard green cover on characteristics of soil organic carbon to provide a reference for exploring the technology ofGHG mitigation .
Materials and methods Two treatments were imposed in split‐block experimental design with ３ replicates . T reatments wereintercropping Chamaecrasta rotundi f olia in orchards and weed‐cleaning orchards . Plots were arranged randomly with the areain size of ４m × ２５m .
Results Compared with the control group , the total content of soil organic carbon ( in ０ ～ ２０ cm soil layer) , humic acid contentand fulvic acid content in intercropped herbage orchards increased ３７ .２５％ , １５３ .７８％ and ６ .７６％ , respectively ( Figure １ ) .Daily change regularity of soil respiration rate in intercropped herbage orchards was similar to that in the control group . Therespiration rate of soil reached the lowest at ８ : ００ am , then increased gradually , subsequently reached the maximum value at
２０ :００ pm , then decreased gradually . However , the soil respiration rate in intercropped herbage orchards was １ .１５％ ～ ４４ .
２３％ higher than the control group ( Figure ２ ) .

Figure 1 The changes o f organic carbon and
compositions o f soil .

Figure 2 The changes o f soil resp iration rate .

Conclusions Planting herbages in orchards is an advanced and high efficiency soil management means , which has been widelyapplied in Europe , USA and Japan in recent years , and has a remarkable effect in preventing soil erosion especially . Orchardgreen cover could enhance the N‐fixing ability of soil and improve the stability of soil organic carbon . The released rate of CO２in intercropped herbage orchards was higher than in weed‐cleaning orchards , which could be explained by root respiration . Theeffects of orchard green cover on soil heterotrophic respiration will be continued further .
ReferenceHoughton R . A １９９５ . Land‐use change and the carbon cycle . Global Change Biology , １ : ２７５‐ ２８７ .
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Introduction More greenhouse gases especially carbon dioxide is discharged by human activities . Decomposer subsystemincluding dead roots , litter , soil and microorganisms is the main link of carbon cycle of a grassland ecosystem and play animportant role ( Frank et al , ２００２) . The objective of our study was to study the seasonal carbon dynamics in each component ofthe decomposer subsystem of L eymus chinensis grassland in northeastern China .
Materials and methods The study was conducted at The Ecological Research Station of Northeast Normal University insoutheastern Songnen Plain of Jilin Province , China from May to October in ２００２ and ２００３ . Litter was collected by a ２ × ２ miron sieve collector . Soil and dead roots from ０ to ３０ cm layer were collected in five plots ( ２５ × １０ cm) . Carbon contents inlitter , dead roots and soil were analyzed by the method of potassium dichromate and carbon in soil microorganisms wasmeasured by the method of Vance . Soil moisture , temperature and pH were also determined .
Results and discussion The carbon content in litter ( LC) increased gradually with the grow th of the plants . Carbon content indead roots ( RC) began to increase from May and reached the peak in June . Dynamics of carbon content in microorganisms
( CM ) and soil ( SC) showed a single‐hump curve and a�v" curve respectively ( Figure １) . Carbon contents in the four groups ofthe subsystem were soil (８１ .３％ ～ ９１ .２％ ) ＞ microorganisms ( ５ .５％ ～ １６ .９％ ) ＞ dead roots ( １ .１％ ～ ２ .４％ ) ＞ litter ( ０ .
００２％ ～ １ .６％ ) and carbon was mainly stored in the soil . LC , RC , CM and SC were affected by environmental factors ( Table
１) . Since the activity of microorganisms in soil restricted the release of carbon in litter , dead roots and soil by decomposition ,they were the key in carbon transformation of the subsystem . Microorganisms were affected by soil temperature , moisture and
pH in the study . Therefore , the three environmental factors affected on carbon dynamic of the whole decomposer subsystem .

Figure 1 Carbon content in decomposer
subsystem ( ○ :LC ; △ :MC ; ■ :RC ; ◆ :SC) .

Table 1 Correlations between each group C and main env ironmental f actors .
T SM pH

LC ‐０ >.７５２９倡
‐０ a.５８５０倡

‐０ N.０５５６
RC ‐０ R.２７１０ ‐０ t.２５８０ ０ >.４９６１
MC ０ !.８３１９倡倡

０ D.８３２５倡倡
‐０ :.６６１６倡

SC ‐０ >.５２９５倡
‐０ t.４６９１ ０  .８８８９倡倡

Note : T : Soil temperature ; SM : Soil moisture ; pH : soil pH . Correlation significant倡倡 at p ＜ ０ .０１ and 倡 at P ＜ ０ .０５
Conclusions LC and RC were the carbon source in the subsystem , dynamics of which determined the carbon input . The Dynamicof carbon in whole decomposer subsystem was decided by SC due to its high percentage of carbon content . Soil temperature ,moisture and pH affected on carbon reservoir of decomposer subsystem .
ReferenceFrank A .B . , Liebig M .A . and Hanson J .D . , ２００２ . Soil carbon dioxide fluxes in northern semiarid grasslands . Soil Biology

& Biochemistry ３４ :１２３５‐１２４１ .
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Introduction Methane emission from ruminant enteric fermentation is a major anthropogenic contribution of increasedatmospheric methane concentration . Sheep are dominating grazing animal in Inner Mongolia steppe ( Chen and Wang , ２０００) . Itis important to evaluate methane source or sink in the grazing steppe ecosystem to measure methane from sheep . The methanefrom Mongolian sheep fed Leymus chinensis was studied .
Materials and methods The sheep experiment was conducted at the Inner Mongolia Grassland Ecosystem Research Station of theInstitute of Botany , the Chinese Academy of Sciences in Xilinhot . Four wethers , with a mean body weight ( BW) of ４５ .３kg
( SD １ .２ kg ) were fed fresh Leymus chinensis in yard to measure daily methane emission in August and September ２００５ . Eightwethers weighted ４７ .２kg ( SD ２ .３kg) were housed and divided randomly into two groups in October and November . One groupwere fed Leymus chinensis hay , the other fed Leymus chinensis hay supplemented with ４００g of concentrate . The intake anddigestibility of dry matter (DM ) and organic matter ( OM ) were measured . All animals were measured daily methane emissionwith method as Wang et al . (２００７) .
Results Methane daily emission from Mongolian sheep enteric fermentation was highly significantly affected by season ( Table
１) . Methane emission was increased with the decreased quality of Leymus chinensis . Season highly significantly affectedmethane emission per kg body weight of sheep . There was no significant effect of season on methane emission per kg DM andOM intake . Methane emission per kg DM and OM digested was significantly affected by season . Although supplementconcentrate increased methane daily emission , but decreased methane emission per DM and OM digested .
Table 1 Enteric methane emission f rom Mongolian sheep .

Methane Emission Aug . Sept . Oct . Nov .
Hay Supplement Hay Supplement SEM P

g / day １６ *.２ １６ 8.１ １８ 蜒.３ １９ ǐ.４ １８ D.０ １９ 滗.６ ０ 殮.４ ＜ ０ 貂.００１
g / kg body weight ０ �.３６ ０  .３２ ０ ＃.３９ ０ }.４３ ０  .３６ ０ 抖.４１ ０ l.０１ ＜ ０ 貂.００１
g / kg DM １２ �.８８ １３  .８１ １３ ＃.７５ １３ }.４９ １４  .３３ １３ 抖.５４ ０ l.２５ ０ #.０８
g / kg OM １４ �.１７ １５  .１１ １４ ＃.６９ １４ }.７１ １５  .５３ １４ 抖.７０ ０ l.２８ ０ #.０９
g / kg DM digested ２３ �.６５ ２７  .７１ ２６ ＃.３４ ２４ }.１３ ３０  .０９ ２４ 抖.００ ０ l.６２ ０ #.０１
g / kg OM digested ２４ �.１９ ２９  .８０ ２６ ＃.５７ ２５ }.３５ ３０  .７５ ２６ 抖.１６ ０ l.６５ ０ #.０１
Conclusions Methane daily emission from Mongolian sheep was １６ .１ ～ １９ .６g from August to November . Sheep supplementedconcentrate not only decreased methane emission per DM and OM , but also improved performance . Estimating methane sourceor sink in the grazing steppe ecosystem should consider sheep and season .
ReferencesChen , Z . Z . , Wang , S . P . , ２０００ . Typical steppe ecosystems of China . Beijing : Science , １２０‐１２５ .Wang , C . J . , Wang , S . P . , Zhou , H . , Glindemann , T . , ２００７ . Effects of forage composition and growing season onmethane emission from sheep in the Inner Mongolia steppe of China . Ecological Research ２２ , ４１‐４８ .
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Background Australia摧s rangelands and savannas occupy about ８０％ of the continent and play an important role in the country摧scarbon balance . Grazing by livestock is the most extensive land use , and the savannas are subject to frequent , extensive fire ,especially in the north , where annual rainfall exceeds １０００ mm . Savanna burning plus direct emissions from Australia摧sdomestic livestock ( mainly sheep and cattle ) account for about １５ ％ of Australia摧s accountable CO２ equivalent ( CO２‐e )emissions per year . In this paper , we discuss the potential to reduce emissions via land management instruments , ecosystemcapacity to sequester carbon , and investment and management strategies that can lower the carbon footprint of land use in theseecosystems .
Greenhouse gas ( GHG ) emissions from Australian rangelands derive from three main sources : land‐use change , livestock
production and savanna burning ( Table １) . Most land‐use change in rangelands since １９９０ has been deforestation of eucalyptus‐dominated woodlands to increase pastoral production . In １９９０ , the CO２‐e emissions from deforestation were double those fromlivestock and ca . ２０ times those from savanna burning . Since then , the rate of land clearing has decreased so that the emissionsin ２００５ were about two thirds those from livestock .
Table 1 A ccountable greenhouse gas emissions f rom A ustralian rangelands (source : NGG IC ２００５ ) .
Sector Net emissions ( M t CO２‐e y‐１ )

１９９０ 鞍Range １９９１‐１９９４ ~２００５  
Land use change ( deforestation) １２８ k.９ １０６ い.１ to ４６ .４ ５３ 靠.３
Land use change ( afforestation) ０ k‐０ v.５ to ‐１７ .８ ‐１９ 舷.６Livestock( enteric fermentation and manure) ６５ T.９ ６１ 崓.６ to ６６ .１ ６２ 靠.１
Savanna burning ６ =.６ ６ v.１ to １５ .８ ８ è.６

GHG management There are few practical strategies to reduce methane emissions from livestock without reducing productivity .Genetic variation in the feed , and manipulation of feed quality provide potential methods to manage methane emissions fromcattle . Improvement of rangeland condition may enhance sequestration , by increasing soil carbon stocks . With respect to fire ,which is pervasive across the savannas , the potential to reduce GHG emissions and enhance carbon sequestration capacity ishigh . Current fire abatement activities over a ３０ ,０００ km２ area in Western Arnhem Land , Northern Territory , are achievingaccountable emissions reductions of ca . １００ ０００ t CO２‐e per annum . Recent research ( Russell‐Smith J et al . ２００２ ; Williams et
al . ２００４ ; Beringer et al . ２００７) in the mesic savannas has quantified critical components of carbon stocks and fluxes , e .g . areaburnt , burning efficiencies , fuel dynamics , and net ecosystem and biome productivity ( NEP ; NBP) . This indicates that themesic savannas are net C‐sink , of ca . １‐to‐２ t C ha‐１ y‐１ . Sink strength is sensitive to fire regime , and reduction in the severityof the fire regime will lead to additional increases in carbon sequestration capacity .
Market potential International demand for ecosystem abatement and bio‐sequestration activities is likely to increase in coming
years . Australian rangelands and savannas , which collectively cover several million km２ , offer significant potential to provideabatement and off‐set products and services within international carbon markets , whether voluntary or regulated . We discussthis potential , and how the emerging demand for land‐based carbon off‐set products may affect land‐management policy and
practice in rangelands and savannas , within the pastoral sector , and with respect to Aboriginal people , who own extensive areasof the savannas .
ReferencesBeringer J et al . (２００７ ) Savanna fires and their impact on net ecosystem productivity in North Australia . Global Change Biol .
１３ : ９９０‐１００４ .NGGIC (２００５) National Greenhouse Gas Inventory ２００５ . Australian Greenhouse Office , Canberra .Russell‐Smith J et al . (２００２) Reliability of biomass burning estimates from savanna fires . J . Geophys . Res . Atm . １０８ ( D３ )
８４０５ , doi :１０ .１０２９ .Williams RJ et al . (２００４) Assessing the carbon sequestration potential of mesic savannas in the Northern Territory , Australia :approaches , uncertainties and potential impacts of fire . Functional Plant Biol . ３１ : ４１５‐２２ .
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Grassland production under various meteorological conditions in Xilingol , Inner Mongolia ,
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Introduction In the area of the Xilingol steppe in Inner Mongolia , farmers were previously nomadic . Today , however , theygraze mainly sheep and goats at permanent residences . The meteorological characteristics of this area are long , severe winters ,warm summers , and little rainfall . Primary and secondary grassland productions are largely restricted by these meteorologicalconditions . In the present situation , long term meteorological forecasts by observatories are impossible , we propose analternative method .

　 　 Figure 1 System model o f the X ilingol step pe
ecosystem .

Materials and methods A system model was used to analyze the Xilingolsteppe ecosystem ( Figure １ ) . Meteorological data on daily mean airtemperature and rainfall from １９５３ to ２０００ ( ４８ yrs ) were numericallyclassified into six typical year patterns using １０‐day means/ totals ofthese meteorological variables from April to October , which is thegrowing season for grassland vegetation , based on a numericalclassification technique ( k‐means) .
Results and discussion The six meteorological patterns in Xilingol areshown in Figure ２ . We applied the system model to each meteorologicalpattern . The simulated results for aboveground biomass of grasslandvegetation from ２０ April to １０ September are shown in Figure ２ .Meteorological Pattern １ , which has little rain in summer , ischaracterized as drought and there is little plant biomass . The plantbiomass of pattern ４ , which has relatively little rainfall in earlysummer , follows pattern １ . The other patterns have more rainfall insummer and plants show vigorous grow th . Farmers can select anexpected meteorological pattern based on the present weatherconditions and their empirical knowledge , predict grasslandproduction , and plan a grazing schedule . This procedure may not onlyassist in the creation of a grazing schedule but also help preventdegradation and desertification , and facilitate the recovery ofproduction .

Figure 2 Changes in solar radiation (M j / ha/ day ) , air temperature ( ℃ ) , rain f all (mm/
day ) and biomass (１０２ kg/ ha) f or the six meteorological patterns .
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Carbon dynamics (2000 — 2006) over the northern Great Plains grasslands
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Introduction The grassland ecosystem in the U .S . Great Plains occupies was about １ .５ million km２ . However , the contributionof the grasslands to local and regional carbon budgets remains uncertain due to the lack of carbon flux data for the expansivegrassland ecosystems under various land managements , land uses , and climate variability . An understanding of carbon fluxesacross the ecosystem is essential for developing carbon budget models at regional , national , and global scales .
Materials and methods A remote sensing‐based empirical model , piecewise regression model (Wylie et al . , ２００７ ; Zhang et al . ,
２００７) , was modified to estimate the grassland carbon fluxes in the U .S . northern Great Plains . The model explored theempirical relationship between environmental variables and tower‐based measurements collected from six grassland flux towersand extrapolated the tower‐measured data to the entire grassland ecosystem .We used this model to estimate the spatio‐temporalcarbon fluxes across the study area . Net ecosystem exchange ( NEE) between land and atmosphere were measured using eddycovariance and Bowen‐Ratio techniques .We partitioned ３０‐minute CO２ fluxes into total ecosystem respiration and gross primaryproduction ( GPP ) using the light response curve analysis ( Gilmanov et al . , ２００５ ) . The predictors include the MODISnormalized difference vegetation index ( NDVI) , precipitation , temperature , photosynthetic active radiation , and phenologicalmetrics . We also incorporated the actual vegetation evapotranspiration data derived from a vegetation evapotranspiration( VegET ) model ( Senay and Henebry , ２００７) , which takes into account soil moisture and land surface phenology .
Results and discussion In the northern Great Plains grasslands , we estimated a １３ percent reduction of GPP in the dry year ２００２compared to the average GPP for years ２０００‐２００６ , which resulted in an anomalous net source of carbon dioxide (‐１９ gC/m２ /year) to the atmosphere . The carbon budgets depend , to a great extent , upon precipitation and its distribution in this region .Specifically , the ２００６ NEE map ( Figure １ ) shows carbon sources in drier western regions and carbon sinks in wetter easternand southern regions , which was in line with the east‐west gradient of annual precipitation across this region . The annual NEEvaried from ‐２８ g C/m２ / year ( source) in ２００６ to ３７ g C /m２ / year ( sink) in ２００１ , w ith sources in ２００２ , ２００４ , and ２００６ , andsinks in other years ( Figure ２) .

Figure 1 Spatial distribution o f annual NEE f or ２００６ .
　 　 　

Figure 2 Estimated annual NEE f or ２０００‐２００６ .

Conclusions The CO２ exchanges over the northern Great Plains grasslands are highly variable in space and time .The annual NEE transits from sinks to sources in the dry years of ２００２ , ２００４ , and ２００６ . If the climate becomes drier in thefuture , the ecosystems may change to larger carbon sources .
ReferencesGilmanov , T .G . , Tieszen , L .L . , Wylie , B .K . , Flanagan , L .B . , Frank , A .B . , Haferkamp , M .R . , Meyers , T .P . ,Morgan J .A . , ２００５ . Integration of CO２ flux and remotely sensed data for primary production and ecosystem respirationanalyses in the Northern Great Plains : Potential for quantitative spatial ex trapolation . Global Ecology and Biogeography １４(３) : ２７１‐２９２ .Senay , G .B . , Henebry , G . , ２００７ . Evaluating vegetation evapotranspiration ( VegET ) modeling results in South Dakota . In :Proceedings of the Eastern South Dakota Water Conference . October ２９‐３１ , Sioux Falls , South Dakota .Wylie , B .K . , Fosnight , E .A . , Gilmanov , T .G . , Frank , A .B . , Morgan , J .A . , Haferkamp , M .R . , Meyers , T .P . , ２００７ .Adaptive data‐driven models for estimating carbon fluxes in the Northern Great Plains . Remote Sensing o f Env ironment １０６ :
３９９‐４１３ .Zhang , L . , Wylie , B .K . , Loveland , T . , Fosnight , E .A . , Tieszen , L .L . , Ji , L . ,２００７ . Evaluation and comparison of grossprimary production estimates for the northern Great Plains grasslands . Remote Sensing o f Env ironment １０６ : １７３‐１８９ .
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Introduction It shows that the ７０ ～ ８０ percentage of atmospheric CH４ is from biogenic sources . And it is believed that paddyfields and wetlands are the dominant sources of atmospheric CH４ ( Hu , ２００５) . We made a study on methane emission from thewetland nearby Cuona Lake in Naqu of Tibet with different humidity by field investigation , which can contribute to evaluatingmethane emission from wetlands in Tibet .
Materials and methods The field experiment site was located in nearby Cuona Lake in Naqu of Tibet . On August ２００６ , ３treatments of CH４ flux were imposed with ３ replicates according to the distance from the lake . T reatments were :(１ ) Lake leveltreatment ( LT ) ;(２) Wet treatment (WT ) , １００ meter far from the lake ;(３) Dry treatment (DT ) ,５００ meter far from the lake .LH , WH and DH were the humidity of ３ treatments , respectively . Using the enclosed chamber technique , CH４ fluxes weremeasured . The chamber was a cylinder of ４０ centimeter high and its base diameter was ３０ centimeters . When measured , thebase was inserted ５‐centimeter underground , and sealed by distilled water . Samples collected by syringe were transferred into
plastic gas bags for measurement by HP６８９０GC .
Results By the curve , it was proved that LH , WH and DH gradually decreased with the distance from lake . But it wasn�tsignificant for all of treatments�diurnal humidity variation . CH４ flux of all treatments with time was as follows :WT ＞ DT ＞LT . The trend of CH４ diurnal flux of all treatments was accord with each other . A peak appeared in ３ curves respectively . WT
peak and DT peak appeared at １５pm , and LT peak was at １７ pm .

Figure 1 Diurnal CH ４ f lux and humidity dynamic nearby Cuona lake in Naqu o f T ibet .

Conclusions CH４ emission flux of all treatments was positive , which shown that this wetland was the source of atmosphericCH４ . The CH４ flux of LT was smaller , which may result in the inhabitation of CH４ emission due to excessive humidity of thelake‐level . Because of the far distance between DT and lake and smaller humidity , it didn摧t result in much higher CH４ flux .With the moderate distance between WT and lake and with appropriate humidity , it could accelerate CH４ emission .
ReferenceHu Qiwu , Wu Qin , Li Dong ,Cao Guangmin , ２００５ . Comparative study on methane emissions from alpine grasslands withdifferent soil water content . Chinese Journal o f Ecology ２４ (２) , １１８‐１２２ .
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Effects of ice encasement during winter on different cultivars of Phleum pratense and Lolium
perenne in Norway
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Introduction Global warming may lead to milder winters at high latitudes ( RegClim ２００５) . Fluctuating temperatures and moreprecipitation can increase the risk of ice encasement , although more research is needed to verify this assumption . Farmers mayin future prefer to grow Lolium perenne ( L .) , which is forage grass more resistant to grazing and frequent cutting than thecurrently used Phleum p ratense ( L .) . P . p ratense is generally very tolerant to ice encasement and probably more so than L .
perenne , although there may be variety differences . The aim of this study was to compare the tolerance of different cultivars of
P . p ratense and Lolium perenne to ice encasement .
Materials and methods Two varieties of P . p ratense ( Engmo , Grindstad) and two of L . perenne ( Riikka , Gunne) were springsown in a field at Holt , T roms宝 , Norway ( ６９ .６５°N , １８ .９１°E) . At the end of autumn , turfs were dug out , put in grow thcontainers and placed to form a dense sward . Single tillers from all varieties were sampled during winter for determination of iceencasement tolerance ( LD５０ ) and frost tolerance ( LT５０ ) ; ( LD５０ , ＝ No of days required to kill ５０％ of tillers encapsulated inice and stored in darkness at ‐２ ℃ , and LT５０ ＝ Temperature needed for killing ５０％ of the tiller population) ( Larsen , １９７８ ;Gudleifsson and Bj rnsson , １９８９) .
Table 1 Tolerance to ice encasement ( LD５０ , days ) during
w inter ０６‐０７ .

P . p ratense L . perenne
Month Engmo Grindstad Riikka Gunne
Nov ＞ ４４  ＞ ４４ 热２０ P１４ �
Jan ＞ ６３  ４６ 殮＞ ２１ �１５ �
Mar 倡

３２ 殮１７ P１１ �
Not possible to estimate — data does not follow the expected curve

Table 2 Frost tolerance (L T５０ ,℃ ) during w inter
０６‐０７ .

P . p ratense L . perenne
Month Engmo Grindstad Riikka Gunne
Nov ＜ － ２１ ,１ �－ １９ 刎.７ ＜ － １７ 腚＜ － １７  
Jan － ２５ ".９ － １９ 刎.８ － １８ 弿.５ － １５ 揪.８
Mar － １９ ".２ － １４ 刎.９ － １６ 弿.８ － １２ 祆

　 　 　 　 Figure 1 Mean monthly air ( ▲ ) and at ground
( ● ) temperatures , and p recip itation f rom local
weather station .

Results and discussion The tolerance to ice encasement wasmuch higher in P . p ratense than in L . perenne ( Table
１) . There was a high correlation between tolerance tofrost and to ice encasement ( Table １ and ２ ) . The morewinter hardy P . p ratense variety Engmo was more frosttolerant and had a much higher tolerance to ice encasementthan Grindstad , whereas Riikka was somewhat moretolerant than Gunne ( Table １ and ２) . Both LD５０ and LT５０increased from November to January , but then decreasedin March . At the same time the ambient mean monthlytemperature increased from ‐５ .７ ℃ in February to １ .５ ℃in March ( Figure １) .
Conclusion L . perenne is more susceptible to iceencasement than P . p ratense . Varieties that are morefrost tolerant also tend to sustain longer periods of iceencasement . More detailed climate scenarios are needed to predict the risk of ice encasement in the future .
ReferencesGudleifsson , B . , Bj迸rnsson , H . , １９８９ . Methods for estimating ice encasement tolerance of grasses in the laboratory .

Icelandic A gricultural Sciences ２ , ９９‐１０３ .Larsen , A . , １９７８ . Freezing tolerance in grasses . Methods for testing in controlled environments . Meld . Norges Landbruksh
gskole ５７ , ５６pp .RegClim . ２００５ . Norges klima om １００狈r . Usikkerhet og 宝kt risiko . ( In Norwegian) . http :/ / regclim .met .no .
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Introduction Woody encroachment has occurred in many arid and semi‐arid ecosystems all over the world ( Archer １９９５ ) .Invasion of woody plants into grassland savanna has significant impacts on soil carbon storage and its spatial heterogeneity
( Boutton et al . １９９８) . We have limited understanding on the pattern of special heterogeneity and uncertainty of soil carbon andits relationship to the spatial pattern of woody vegetation in savanna landscapes . This understanding is essential for effectiveassessment and monitoring of soil carbon in savanna landscapes . The goal of this study was to develop an understanding of thespatial pattern and uncertainty of soil organic carbon ( SOC ) and how they influence the effectiveness of SOC estimation insubtropical savanna landscapes . The specific objectives were to : (１) quantify the spatial uncertainty of SOC ; (２ ) evaluate theperformance of different point sampling designs in estimating SOC storage ; and (３) develop effective sampling strategies basedon the spatial pattern and uncertainty of SOC .
Materials and methods This study was conducted at the Texas AgriLife Research La Copita Research Area (２７°４０′N , ９８°１２′W)in south Texas . The upland portions of the landscape are subtropical savanna parklands with discrete woody patches scatteredin a continuous C４ grassland matrix . Woody patches with honey mesquite canopy and understory shrubs were classified assmaller clusters (１‐１００ m２ ) and larger groves ( ＞ １００ m２ ) . A １６０m × １００m plot was established on the upland landscape with
１０m × １０m grid cells . Soil samples were collected at ２ random points in each grid cell . Additional subplots on ３ groves , ５clusters and ３ grassland areas were also sampled with higher intensities . Soil samples were processed and SOC concentrationwas measured by combustion/ gas chromatography using a Carlo Erba EA‐１１０８ elemental analyzer . Aerial photo imagery wasclassified into either woody or non‐woody classes and the woody patches were identified as clusters or groves based on theirsizes . Kriging and conditional stochastic simulation approaches ( Goovaerts ２００１ ) were used to qualify the pattern of spatialuncertainty in SOC estimations . Based on the understanding of the pattern of spatial uncertainty , alternative sampling designswere developed and examined for their effectiveness measured as the estimation error as a function of sample density .
Results Average SOC content was significantly different between vegetation types and decreased from groves to clusters and
grasslands ( １８３２ , １５００ , and １２８２ g C m‐２ ) . Spatial distribution of SOC based on kriging indicated that it was closely related tothe spatial distribution of woody vegetation density . Results of the conditional stochastic simulation showed significantly greaterlevels of uncertainty of SOC estimations in groves than in clusters and grassland . Consistent differences in estimation error werefound among the complete random sampling , stratified random sampling with even density , and stratified random samplingwith uneven density ( based on level of uncertainty ) . Stratified random sampling with unequal densities had the lowestestimation error while complete random sampling had the highest at all sampling density . Estimation errors of all three designsstarted to level off when sampling density was higher than １００ samples per hectare . Results of the complete random samplingexperiments with simulated landscapes showed that estimation errors increased with increasing woody vegetation cover for allsampling densities and both percentage of woody cover and relative abundance of clusters vs . groves influence the estimationerrors . Results of experiments also showed that structured sampling would be most effective for clusters given the strong
patterning from center to edge of the clusters .
Conclusions The invasion of woody vegetation into grassland , deserts and savannas has profound impacts on both the magnitudeand spatial heterogeneity of SOC content . In order to evaluate effects of woody invasion on soil carbon at large spatial scales ,understanding of spatial uncertainty of SOC is essential in designing suitable sampling regimes to estimate SOC storage . Ourresults showed that SOC had higher spatial uncertainty as well as higher concentrations in woody patches than in the grassland .High uncertainty of SOC in woody patches was likely caused by complex canopy structure , root distribution and animaldisturbance . Assessment of alternative sampling designs demonstrated the effect of spatial uncertainty on estimation accuracy ofSOC storage and helped generating effective sampling strategies to improve SOC estimation accuracy . This understanding ofspatial uncertainty of SOC can also enable new approaches to estimate and monitor soil carbon storage over large landscapesbased on remote sensing .
ReferencesArcher , S . １９９５ . T ree‐grass dynamics in a Prosop is‐thornscrub savanna parkland — reconstructing the past and predicting thefuture . Ecoscience ２ :８３‐９９ .Boutton , T . W . , S . R . Archer , A . J . Midwood , S . F . Zitzer , and R . Bol . １９９８ . delta C‐１３ values of soil organic carbonand their use in documenting vegetation change in a subtropical savanna ecosystem . Geoderma ８２ :５‐４１ .Goovaerts , P . ２００１ . Geostatistical modelling of uncertainty in soil science . Geoderma １０３ :３‐２６ .
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Introduction This paper provides the feature of a generic environmental model to demonstrate environmental impacts of theorganic pasture used for beef production as compared with the intensive conventional pasture system . Both pastures had beenutilized through the rotational grazing for ３ consecutive years . Carbon sequestration potential which is inversely associated withthe Global Warming Potential was simulated .
The model The model was developed following the general stages of modeling strategies described in Forrester ( １９６８ ) .STELLA II version ９ sof tware package ( HPS , １９９４ ) has been used in the model construction . The model described theinterrelationships between the pasture production , cattle production , and soil organic carbon ( SOC) accumulation in the farmboundary . The study focused on Northeastern Thailand . Two types of pasture systems selected for this investigation are theintensive conventional system and the organic system . The pastures were grass‐legume mixed of Guinea grass ( Panicum
max imum TD ５８) and Taphra stylo ( Sty losanthes guianensis CIAT １８４ ) . The cattle were Thai Indigenous beef cattle . Thesystem in this study involved the pasture production process , the cattle production process , the returning of waste from pastureand cattle into the soil organic carbon ( SOC) , and soil nutrient and uptake by plants .
Results The organic pasture showed greater carbon sequestration potential ( Figure ２ ) compared to the conventional pasture( Figure １) . Without external fertilization , the soil carbon under organic pasture would gradually increase from １０ .０ to １２ .７５ tha‐１ for the ２０ year period .With ５０ and １００ kg N ha‐１ yr‐１ fertilization , the carbon content in the pasture soils would increase to
２６ .０１ and ３５ .５７ t ha‐１ , respectively . The carbon sequestration potential of the organic pastures with ０ , ５０ and , １００ kg N ha‐１
yr‐１ , were estimated to be ０ .１４ , ０ .８０ and １ .２８ t ha‐１ yr‐１ , respectively .

１ ＝ ０N ;２ ＝ ５０ kg N ha‐１ yr‐１ ;３ ＝ １００ kg N ha‐１ yr‐１
Figure 1 SOC ( t ha‐１ y r‐１ ) o f an intensive pasture .

　 　 　 　 　

１ ＝ ０N ;２ ＝ ５０ kg N ha‐１ yr‐１ ;３ ＝ １００ kg N ha‐１ yr‐１
Figure 2 SOC ( t ha‐１ y r‐１ ) o f organic pasture .

ReferencesForrester , J . W . ( １９６８) Principle of Systems . Cambridge . W right‐A llen Press Inc . , Cambridge .HPS‐High Performance Systems ( １９９４ ) An introduction to system thinking . H igh Per f ormance Work System Inc . ,Hanover .
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　 　 Figure 1 Minimum(a) and maximum (b) temperature exchange in
Inner Mongolia(54 stations 1961‐2005) .

Introduction Since １９６１ the annual temperature inCentral and Eastern Inner Mongolia has increased by
０ .９ ± ０ .２ ℃ with a １ .２ ℃ increase ℃ during winter( December to February ) and spring ( March toMay) ( Figure １ ) . Annual precipitation has variedmarkedly over this period with a decrease in theyears since １９９０ . More than ten warm winter havehappened since １９８０ resulting in decreased mortalityof old , weak and young animals resulting in anincreased stocking rate in the following year with thepotential for overgrazing . The combination ofchanging climate‐temperature increase , precipitationdecrease , and the chang in precipitation pattern ‐together with increased stock numbers have accelerated grassland degeneration .
Methods A productivity model was used to calculate primary production allowing a comparison of theoretical and actual carryingcapacity . Four banners ( regions) were chosen for the analysis ( Table １) .
Table 1 Characteristic o f rep resent stations
station longitudeand latitude elevation( m ) Grassland Type Mean annual temperature( ℃ ) Mean precipitation( mm)
A１ :Dongw痹u １１６°５８′ ;４５°３１′ ８３８  .７ Typical g rassland １３ v２５８ l
A２ :Xiw痹u １１７°３６′ ;４４°３５′ ９９５９ QTypical g rassland １５ v３４２ l
A３ :Xisu １１２°４２′ ;４２°４３′ １１０１ (.７ Destification grassland ４９ v１８１ l
A４ :Wuchuan １１１°２７′ ;４１°０６′ １５９５ QFarming Area ２９ v３５１ l

　 　 Figure 2 The actual and theory carry capacity and grow ing rain f all
in f our banner o f Inner Mongolia ( A１ Dongwu banner 　 A２ X iwu
banner 　 A３ X isu banner 　 A４ Wuchuan county ) .

Results The results show that a warm winter isone reason for the heavy stocking rate . Since the
１９６０s most of the area exceeded the theoreticalcarrying capacity by ２０％ ‐３０％ . Up to middle of
１９８０s , there were more than ten years warmwinters in succession , temperatures were mildduring winter each year with no heavy snowcover . These conditions decreased the mortality ofold and weak animals thus increasing animalnumbers in the subsequent year . resulting in animbalance between stock number and the primaryproductivity of the grassland . The problem isexacerbated because herdsmen are reluctant to selltheir animals and there is not a strong politicalwill to restrict animal numbers . Unsensible loseweight was behind by the sensible animal number .The animal husbandry looks get harvest but loweffectiveness . At the same time , the herds expandso fast . By １９９０ ３０％ ‐６０％ of the grasslands haddegenerated ; since ２０００ degeneratrion hasincreased because of the prevalence of droughtextending in some places from early spring to latesummer . The climatic conditions during this period were sufficiently droughty to force even moderately stocked ranchers todestock by ３０％ ‐５０％ .
Conclusions Overgrazing is a serious problem for the grassland of Inner Mongolia particularly during droughts . Although insome places grazing is forbidden , in others it is illegal to prevent grazing . Overgrazing is very harmful to the ecological systemand ifgrassland degradation cannot be prevented then the ecological environment will be lost forever .
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Study on temporal‐spatial variability of climatic factors and its influence on net primary
production of grassland in Inner Mongolia , China
Zhang Guogang , K ang Yumei
Faculty o f A griculture , Kochi University , Kochi , 783‐8502 , Japan , E‐mail :z angguogang＠ 163 .com

Key words : climatic factor , net primary production , GIS , water deficit , grassland
Introduction The climatic factors , especially rainfall in semiarid and arid areas , have overriding effects on grassland
productivity . The purpose of this study was to identify the relationship among precipitation , temperature , evaporation and netprimary production and then to estimate on effect of climate change on grassland productivity .
Materials and methods The meteorological data sets from １９５７ to ２００６ that we used were collected from ４７ weather stations inInner Mongolia . The spatial distribution of climatic factors was analyzed with the Inverse Distance Weighted ( IDW) methodembedded in ARC/ INFO , which was based on GIS . The net primary production was calculated with the Synthetic model ( Zhou
et al . , １９９６ ) .
Results The mean precipitation of all ４７ stations in both May‐September and the whole year showed slight decreasing lineartrends , but neither was statistically significant ( Figure ２ ) . In contrast to rainfall amount , there was profound and significantincrease in the aspects of the temperature and evapotranspiration characteristics ; the biological temperature has been increasingby ０ . １８ ℃ average per １０ years ( data not shown ) . As a result of the precipitation decreasing and the potentialevapotranspiration increasing , the water deficit has become more and more severe ( Figure ２ ) . Because of climate change , thenet primary production of the grassland ecosystem has been decreasing year by year ( Figure ２ ) . Otherwise , the spatialdistribution of climatic factors showed an extreme imbalance , the distribution of precipitation descended gradually from east towest ( Figure １) , however , that of temperature and evapotranspiration was opposite .

Figure 1 Sp atial distribution o f average
annual rain f all in the Inner Mongolia ,
１９５７‐２００６ .

　 　

Figure 2 A verage annual amount o f p recip itation
( P) , potential ev apotransp iration ( PEP) , w ater
de f icit ( WD ) , grow th period Precip itation
(GPP) and net p rimary p roduction ( N PP) .

Conclusions The precipitation decreasing , climate warming , evapotranspiration increasing , and the spatial distributionimbalance of climatic factors resulted in the severe water deficit in the Inner Mongolia . This water deficit was the mainlimitating factor of the grassland productivity . The reasons above led to the drastic drop of net primary production of grasslandecosystem in Inner Mongolia in the past ５０ years .
ReferenceZhou Guang‐sheng , Zhang Xin‐shi , １９９６ . Study on NPP of natural vegetation in China under global climate change . A cta

phytoecologica sinica , ２０(１ )１１‐１９ .
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Spatial patterns of main species of the grassland community in the recovering succession in
Wangong sandy land
Chen Wei
College o f Tur f grass and G rassland Science , Bei j ing Forestry University 100083 China ;
E‐mail : dashubao12345＠ 126 .com
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Introduction Stocks edge of the ecological and biological special character and the dynamic development in the community摧sappearance , structure and succession have an important impact on the direction . Population is the important character of
population distribution pattern of ecological and biological aspects . Spatial pattern of the community structure is the basic formof one of the process Through the distribution pattern of population in the community , people can understand the status androle about the community , further know the situation in the mosaic of species and master of laws and the interaction betweenthe community structure and dynamics
Materials and methods Wild grassland desertification selects mildly , moderate grassland desertification and severe grasslanddesertification plots are typical of the group . As setting up two pilot‐line , one of which is still on the line . Using conventionalinvestigation methods , each community type samples ３０ and a total of １２０ , and at the same time investigate the density of plantspecies , height and coverage . Population density is used as the number of characters in the pattern of population distribution .
Results and discussion Spatial patterns of main species in grassland community in the recovering succession were measured with
６ indexes , such as dispersion index , clump index , mean crowding intensity ,patchiness index , Green摧s index , the clumpintensity index .Almost all of the spatial patterns of the main species of the grassland community in Wangong sandy land wereclump . Clump distribution had a good advantage of promoting population invasion and inhabitation , community formation andvegetation restoration . In the process of community succession , the intensity of distribution pattern changed . This change couldindicate population dynamics and pattern intensity which can be a measurement for spatial heterogeneity of communitystructure .

Species Diffusivity Fullindex Negative two
parameters

The average degreeof overcrowding Blockindex Greenindex Type of
pattern

L . chinensis ８ �.３５０ ７  .３５０ ０ 父.０１４ ２２２ 热.７５０ １  .０３４ ０ 档.４９０ Aggregation
Bupleurum １５ ┅.２２３ １４ +.２２３ １ 父.６５３ ３７ 煙.７２３ １  .６０５ ２ 档.０３１ Aggregation
Stipa ９３ ┅.２７４ ９２ +.２７４ ３ 父.２５８ ３９３ 热.６０７ １  .３０６ １１ 揶.５３４ Aggregation
Astragalus １ �.０６７ ０  .０６７ １６０  .２８７ １０ 煙.８４７ １  .００６ ０ 档.００７ Randomness
Species Diffusivity Fullindex Negative two

parameters
The average degreeof overcrowding Blockindex Greenindex Type of

pattern
Salsola collina ３ �.７４８ ２  .７４８ ９ 父.２６０ ２８ 煙.４１８ １  .１０７ １ 档.３７４ Aggregation
bristlegrass ５ �.５５２ ４  .５５２ ６ 父.１２０ ３２ 煙.２１２ １  .１６５ ２ 档.２７６ Aggregation
Corispermum ４ �.２２３ ３  .２２３ ３ 父.７２４ １５ 煙.２２３ １  .２６８ １ 档.６１０ Aggregation
Serratula potanini １５ ┅.００８ １４ +.００８ １ 父.０８０ ２９ 煙.１１８ １  .９２７ １ 档.７５１ Aggregation
ReferenceSilvertown JW . １９８７ . Introduction to Plant Population Ecology (２nd . ed) [ M ] . London : Longman .
Supported by MOST :２００６BAD２６B０４０３ ,２００４ DEA７１１９０



　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　 瞯 ]921　　 瞯

Grasslands/Rangelands Resources and Ecology ——— Climate Change and Impact on Grasslands/Rangelands

Livestock diversity and climate change in rangelands
I rene Ho f f mann 倡 ,Beate Scher f ,Dav id Boerma
A nimal Production and Health Div ision ,Food and A griculture Organiz ation o f the United Nations ,V iale delle Terme di
Caracalla ,00153 Rome ,I taly .倡 E‐Mail : I rene .Ho f f mann＠ f ao .org

Key words : livestock ,animal genetic resources ,climate change ,rangelands
Introduction Domestic animal diversity is critical for food security and rural development .The ４０ ＋ domesticated animal speciescontribute directly and indirectly to ３０‐４０ ％ of the total value of food and agricultural production .In marginal environments ,livestock is often the only means of survival .Today , there are ６５３６ local breeds reported by only one country ,and １０８０transboundary breeds that occur in several countries ,many of which are adapted to dry rangelands .Animal genetic diversityallows farmers to select stocks or develop new breeds in response to environmental change ,threats of disease ,changing marketconditions and societal needs .However ,animal genetic diversity worldwide is under threat .About ２０ ％ of reported livestockbreeds are currently reported as being at risk ,and the loss of within‐breed diversity is not even known ( FAO ,２００７a) .
Impact of climate change on livestock production and diversity Livestock producers will have to cope with both ,slow climaticchanges and more frequent extreme climatic events .It is expected that climate change will affect livestock production andproductivity directly and indirectly .Its impact on livestock biodiversity is difficult to assess .
Direct impact Loss of animals through droughts and floods ,or disease epidemics related to climate change may increase .If breedsoccur only locally ,there is a risk of them being lost in localized disasters .
Dry rangelands are some of today摧s most extreme environments .In the Near East ,９０％ of all breeds are kept in drylands .InAfrica ,these are ５６％ ,４２％ in Asia and only １９％ in Latin America .On average ,４６％ of the breeds in the four regions areadapted to drylands .The distribution of some domesticated species ,such as camelids ,is restricted to drylands .More than ７０％of the breeds of asses ,３０％ of horse ,around half of sheep and goat and a third of cattle breeds are adapted to drylands .Furtherselection for breeds with effective thermoregulatory control will be needed to cope with climate change .It may be difficult tocombine the desirable traits of adaptation to high temperature environments with high production potential . At highertemperatures ,species substitution could be an option .The speed of adaptation will be crucial .If the available breeds cannot beselected fast enough to adapt to climate change ,an increased need for movement of breeds which carry the desired traits willoccur .This would require that livestock keepers ,particularly pastoralists ,continue to have access to a wide portfolio of genetics .They also need access to technologies for dealing with climate stress in animal husbandry .
Indirect impact Water ,feed and fodder are the most important inputs for livestock production . Their overall and relativeavailability may be affected by climate change .This may be particularly crucial in rangelands .
Livestock contributes to and will be affected by climate change .Livestock now use ３０ ％ of the earth摧s entire land surface ,mostly permanent pasture but also including ３３ ％ of the global arable land used to producing feed .The sector is crucial foradaptation and mitigation of climate change‐because the livestock sector is a large producer of greenhouse gases ( GHG) (１８ ％of GHG emissions as measured in CO２ equivalent are attributed to livestock ,through enteric fermentation ,land use and land‐usechange ,and manure management) ( FAO ,２００６ ) .Therefore ,the various climate change mitigation policies and technologies areexpected to influence the livestock sector .Ruminants supporting livelihoods in marginal rangelands or those used for landscapemanagement may be excluded from GHG regulations ,and improved pasture management for CO２ sequestration should beencouraged .
Conclusion Long‐term breed survival depends on the comparative advantage of the breed to provide the desired goods andservices in a given environment .The past century has seen a dynamic sector development ,and climate change will be one factorin addition to human population and technological advance ,with socio‐economic and biophysical components interacting atdifferent scales .For the sector to be able to adapt to different scenarios of climate change ,the international community mustensure the availability of a wide portfolio of animal genetic resources to livestock keepers and breeders .It must also undertake tofacilitate exchange of animal genetic resources for food and agriculture and to promote technology transfer .The recent adoptionof the Global Plan o f A ction f or A nimal Genetic Resources and the Interlaken Declaration by the international communityprovide for the first time an internationally agreed framework to promote creating these crucial conditions for the globallivestock sector ( FAO ,２００７b) .
ReferencesFAO .２００６ .L ivestock摧s long shadow‐env ironmental issues and op tions ,edited by H .Steinfeld ,P .Gerber ,T .Wassenaar ,V .Castel ,M .Rosales & C .de Haan .Rome .FAO .２００７a .The State o f the World摧s A nimal Genetic Resources f or Food and A griculture ,edited by B .Rischkowsky & D .Pilling .Rome .( http :/ / www .fao .org / docrep/０１０ / a１２５０e/ a１２５０e００ .htm)FAO .２００７b .Report o f the International Technical Con f erence on A nimal Genetic Resources f or Food and A griculture ,

Interlaken ,Sw itzerland ,3‐7 Sep tember 2007 .ITC‐AnGR/０７ / REP
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