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Foreword

Grassland is the major resource to sustain the living of about one billion people worldwide. In
industrialized Europe, grassland covers some 30 % of the agricultural area and forms the basis
of a strong ruminant livestock sector. Grassland also provides a broad range of services that
are beneficial for man. In addition to the production of herbage for livestock, grassland plays
a major role in, for example, the maintenance of biodiversity, carbon sequestration into soils,
clean surface and ground water, and the provision of an attractive environment for recreation
and leisure activities. The way grassland provides these services is increasingly being affected
by large scale processes that are commonly summarized as "global change". Grassland
farming, the intensity of management and utilization, and the production of goods and
environmental services at a given site are strongly affected by global markets for tradable
goods, by international societal developments, by worldwide and realtime information
exchange, and, most importantly, by climate change. These factors are seriously challenging
the functioning of grassland and there is a great uncertainty as to how grassland will maintain
its importance. Grassland researchers have realized this challenge and they have responded
with in depth research in the various aspects of grassland farming and global change.

This was the background for the organizers of the EGF 2010 General Meeting to select
'Grassland in a Changing World' as the general topic of the conference. It is the first time that
this topic has been addressed as the major theme for an EGF conference. Within this theme,
five sections have been identified, ranging from 'grassland, climate and socio-economic
change', over 'the future of grassland production systems', 'from grass to milk and meat',
'grassland ecosystem services', to 'pastoral systems'. Peer reviewed papers have been included
in the present conference proceedings that are published in the EGF book series 'Grassland
Science in Europe' as volume 15. Each section is introduced by a pair of review-papers from
experienced scientists, followed by a set of voluntary submissions that had been presented at
the conference as either oral or paper contributions. The book is an excellent source for up-to-
date research in the field of grassland science and global change.

We wish to express our gratitude to the many people who have contributed to the conference.
First of all we thank the 400 delegates from more than 40 countries all over the world for their
scientific contributions as lectures, papers, posters and in the discussions. We particularly
thank the numerous people that actively supported the planning and preparation of the
conference: the members of the Organizing and the Scientific Committees, the many external
reviewers, Alan Hopkins for the anglicizing of the manuscripts, Karl Auerswald for revising,
formatting and proofreading of the whole book, and Melitta Sternkopf for managing the
correspondence with the authors. Special thanks go to the members of the organizing group at
Kiel University, Antje Herrmann as the Conference Secretary, Sigmone Hoffmann, Karin
Rahn and the many 'helping hands' in the conference office, and the technical support team.
Many thanks also to Martin Elsédfer and his team for organizing the most attractive pre-
conference tour. They were all very dedicated to the conference and it was a pleasure to share
the experience of organizing a General Meeting with them. The European Grassland
Federation Secretary Willy Kessler was very helpful in giving sound advice throughout the
four years of conference preparations.

The conference was supported by many sponsors whose contributions are gratefully
acknowledged.

Hans Schnyder Friedhelm Taube Johannes Isselstein
Chairman of the Chairman of the President of the
Scientific Committee Organizing Committee European Grassland Federation

Grassland in a Changing World v



VI

Grassland Science in Europe, Vol. 15



Contents

Session 1. Grassland and Global Change

Invited Papers
C3/C4 grasslands and climate change

LAIANZI FA. oot 3
Impact of economic and political drivers on the grassland use in the EU

Osterburg B., Isermeyer F., Lassen B. and N. ROAer ................c.ccccuecveveiieceaciiiiaiannnn, 14

Session 1.1 Grassland and climate change

Oral presentations

Changes in soil organic matter content of grassland and maize land in the Netherlands
between 1970 and 2009

Reijneveld J.A., Kuikman P.J. and Oenema O. ..............c..cccoouviiiaveneniaieeiiiieeieenns 30
Changes in abundance and diversity of wild species in grass fields in Denmark
Andreasen C., Stryhn H. and Andresen L.C. ............cccccoeviiiiaveiiiieieeseeee e 33

Impacts of climate change on the grazing period, and the conserved feeding costs of
grazing systems in the UK

Topp C.F.E., Wreford A., Tolkamp B.J., Wu L. and Moran D. .............c.cc.ccccceevvrcvanan.. 36
Poster presentations
Effect of crude protein intake on CH4 concentration in a dairy stall

Arriaga H., Blanco F., Salcedo G., Martinez-Suller L. and Merino P. .......................... 39

Quantification of ley yield increase by climate change in mountainous regions
of southern Norway

Baadshaug O.H., Haugen L.E. and Skjelvag A.O. ...........ccccocooiioiioinciiiiiiieeiieee 42
Evaluation of greenhouse gas emissions from fertilized grassland

Balezentiene L., Klimas E. and BIeizgys R. ..........ccccocoviiiiiiiiiiniiiieese et 45
Carbon gain of C3 and C4 grasses in a dense canopy in the field

Berone G.D., Lattanzi F.A. and Schnyder H. .............cccccocoiiimviniiiiiiiiiiiiecic e 48

AFLP analysis of genetic differentiation in legume germplasm in contrasting environments
Collins R.P., Frankow-Lindberg B.E., Helgadottir A., Skot L.,Jones C.and Skot K.P. .. 51
Greenhouse gas inventory for grasslands in the Basque Country in 1990 and 2008

del Hierro O., Artetxe A. and Pinto M. ...............ccccoccuviiinioiiiiiiniiiiiiieeeee e 54
Fertiliser value and environmental impact of digestate application on permanent grassland
Dieterich B., Finnan J., Hepp S., Hochstrasser T. and Miiller C. ..............cccccocveevennn.. 57

Change in carbon balance of a dry calcareous grassland caused by spontaneous
afforestation

Ferlan M., Eler K., Alberti G., Vodnik D., Peressotti A., Miglietta F., Simoncic P.

ANA BALIC F. ..ottt ettt eae et et sb et ne s 60
Using a dynamic system simulation model to assess the effects of climate change
on grass-based dairy systems in Ireland

Fitzgerald J.B., Holden N.M. and Brereton A.J. ............c.ccccovveiciavienenieieeneeieneeenn 63
Reduction of N,O emissions from grasslands under Atlantic conditions with the use of
inhibitors (Basque Country, northern Spain)

Menéndez S., Merino P., Pinto M., Gonzalez-Murua C. and Estavillo JM. .................. 66
Evapotranspiration from grassland with contact to groundwater

Misztal A. and ZarzyCki J. ...........cccoooiiiiiiiiiiiiiieeet e 69
Climate change mitigation in European grasslands

Peeters A. and HOPKINS A. ...........ccccccooiiiiiiiiiiiiiiiiiii i 72

Grassland in a Changing World VII



Effect of climate change on grassland production for herbivorous livestock systems
in France
Ruget F., Moreau J.-C., Cloppet E. and Souverain F. .............c.cccccoccevvivcvicioniiiieaiennnnnn. 75
Surface Runoff Simulator (SIMU) hastens the research on phosphorus losses from
grassland

Saarijcrvi K. and VIrkQjGrvi P. ..........ccccccocoiiioioieiiiiieeee oot 78
Fertilising practices to reduce nitrous oxide emissions from managed grasslands
Schils R.L.M., Van Groenigen J.W., Velthof G.L. and Kuikman P.J. .........c..c..c..cccco.... 81

Nitrous oxide emissions from highly productive grassland as a function of soil compaction
and nitrogen fertilization

Schmeer M., Dittert K., Loges R., Senbayram M. and Taube F. ..............cccccccevcvvneni.. 84
Grazing intensity and precipitation affects herbage accumulation, herbage quality and
animal performance in semi-arid grassland

Schonbach P., Wan H., Gierus M., Miiller K., Lin L., Susenbeth A. and Taube F. ........ 87
Effect of precipitation on dry matter production of a meadow with varied cutting
frequency

Thumm U. and TONN B. .........ccccccoooiiiiiiiiiiiii et 90

Session 1.2 Grassland and socio-economic change

Oral presentations
Case-control studies for risk-assessment in ecology and agriculture
Suter M. and LUSCREE A. ...........c.c.cccooviuiiiiiiiicieeceeee e 94
Extensive grasslands beyond the year 2013 — present situation and options for the future?
Luick R. and Schrode S. ..............ccoocooiiiiiiiiiiieieieeeeee e 97
Simulation of the effect of grass intake on the farmer’s income
Van den Pol-van Dasselaar A., De Haan M., Evers A. and Philipsen A.P. .................. 100
Poster presentations

Socio-economic changes and their effects on agro-pastoral goat husbandry systems
in semi-arid, sub-tropical mountain regions
Dickhoefer U. and Schlecht E. .................ccccccoiiiiiiiiiiniiiiiiiiiiicieeeeeeee e 103
Management and legislation affecting the conservation of mountain grasslands
subjected to common use in Central Apennine
D’Ottavio P., Trobbiani P., Rismondo M., lezzi G., Piergiovanni R., Sargenti P.,

Santilocchi R. and ROZZEr0 P.P. ...........c.cccooiiiiieiiiiiiee et 106
Structural analysis of the dairy industry and its evolution in Central Switzerland

HOJSTEIIET P. ..ot ettt ettt et ene e 109
Grassland management on the ‘Low Cost Farm’: an overview of an eight-year period

Holshof G. and de Haan M.H.A. ..............cccccoevueveiieiiiiieii e 112
Global economic crisis impacts on dairy cattle in the Czech Republic

Kvapilik J., Kohoutek A. and Komarek P. ...............c.cccccoviiiiiiieieiieieiese e 115
Values and image of pasture-based milk production systems

Lobsiger M., Wyss U., Réviron S. and Stoll W. ............ccocooviivimimiieieeieieeiecieie e 118
Assessment of energy consumption pattern in a sample of Walloon livestock farming
systems

Rabier F., Mignon C., Lejeune L. and Stilmant D. ..............c..ccoooevcievievenieiciaieieiranins 121

The role of agri-environmental programmes in grassland conservation and environmental
protection
SIVPDIRSKE P. ..ottt 124

VIII Grassland Science in Europe, Vol. 15



Threats to grassland plant diversity in Transylvania, Romania

Larkham K.S. and Sutcliffe LIMLE..............ccccccooiiiiiiiiiiiiiiiiiieceetee e 127
Environmental aspects of grazing animals in a European context

Van der HOCK K. W. ........ccoooiiiieiieee ettt 130
Abandonment of farming practices: impact on vegetation

Zarzycki J. and MISZtQl A. ...........c.cccoooiioiiiiiiiiiieeet e 133

Session 2. The Future of Grassland Productions Systems

Invited papers
Grass biomethane: A sustainable alternative industry for grassland

Singh A., Korres N.E., MUrphy J.D. .........ccccoovevmiiiiiiieniiieeseee e 139
The role of genetic resources for sustainable and productive grassland agriculture

Kolliker R. and Boller B. ..............ccccoocoiiiiiiiiiiiiiieiiicteeeeet e 149

Session 2.1 Grassland systems and technology
Oral presentations
Dry matter and protein yields of red clover, Italian ryegrass and their mixtures

Alibegovic-Grbic S., Bezdrob M. and Civic H. ...........cccccooevvvieviiiiieeiiiieeee e 160
Analysis of hyperspectral data to estimate forage quality in legume-grass mixtures

Biewer S., Fricke T. and Wachendorf M. ...........c..cccccovevoiiiiiiianeiieieeeeeeeese s 163
Modelling ammonia emissions after field application of biogas slurries on grassland sites

Pacholski A., Gericke D., Ni K. and Kage H. ............ccccccocoovuevmneiiiaieieieeieieie e 166
Microwave for dock control on grassland

Latsch R. and SQUIET J. ..............ccc.ccoiiiiiiiiiiieeee e 169
Influence of cutting date and pre-conditioning on the energy production from grassland
through the integrated generation of solid fuel and biogas from biomass (IFBB)

Richter F., Fricke T. and Wachendorf M. ..............cccccoveviiiiiiieniiieieeee e 172
Grassland yield response to knife/tine slurry injection equipment — benefit or crop
damage?

Halling MLA. and Rodhe L. ................cccccccoiiiiiiiiiiiiiiiiit et 175
Better grazing opportunities with a mobile milking robot

Haan M.H.A. de, Philipsen A.P., Van den Pol-van Dasselaar A., Holshof G.,

Lenssinck F.A.J. and Koning C.JA.M. de...................ccccovviivumimieiiaiesieieeiesieiieananiens 178
Slurry seeding in grassland in Norway
INESHEITN L. ..o 181

Continuous and rotational grazing system with horses: effects on gorse production
understorey developed under Pinus radiata stand
Mosquera-Losada M.R., Mouhbi R., Gonzdlez-Herndndez M.P., Boubaker A. and
RiGUEIFO-ROAVIGUEZ A. ...ttt 184

Poster presentations
Productivity and yield quality of white clover-grass mixed swards depending
on cutting frequency
Adamovics A. and Adamovica O. ...............ccccoecuecuiiiiiiiaiiieiieeieeeeeeeee e 187
Comparison of three traditional uses of forage production of mountain meadows
in western Azerbayjan, Iran

Akbarlou M., Mesdaghi M. and Sepehiry A. .........c.cccccoveveiiiacieieiieieeseeeeiee e 190
Pastures feeding value response to humic fertilizers
Klimas E. and Balezentiene L. ...............ccccccuiiiiiioiiiiinieiieeeee e 193

Grassland in a Changing World IX



Soil fertility and forage yield in a maize-Italian ryegrass rotation fertilized with
pelletized broiler litter
Bande-Castro M.J., Gomez-Sanchez R., Sainz M.J. and Lépez-Mosquera M.E. .......... 196
Natural lucerne populations of Estonia: yielding ability, herbage quality and
prospective ways of use

Bender A. and Tamm S. ..............cc.cccocoviiiiiiiiiiiiiioi e 199
A preliminary study on new biodegradable films to cover silages

Borreani G., Chion A.R., Piano S., Ranghino F. and Tabacco E. ..................c.c..c....... 202
Utilisation of clover-grass silage of different cutting dates for solid fuel production

Biihle L., Richter F., Perbandt D., Stoll S. and Wachendorf M. ............cccccocvvevevnnnnn 205

PROGRASS — A mobile plant to produce solid fuel from grass harvested in the
NATURA grassland habitats

Biihle L., Donnison I., Heinsoo K., Siidekum K.-H. and Wachendorf M. ..................... 208
White clover effect on yield and quality of a Lolium perenne sward under cutting
conditions

D& VIIEGREE A. ...ttt 211
Crop-livestock system: Influence of different sward heights in cattle performance

Carvalho P.C. de F., Wesp C. de L., Conte O., Machado A.P., Oliveira E.V. and

Bremm C. ..o 214
Grazing with a mobile milking robot

Dufrasne 1., Robaye V., Istasse L. and HOrnick J. L. ...........cccccooovvvieveevenciiiianeiiiianins 217
Fermentation residues of biogas co-fermentation and their effects on grassland

EISAESSOI M. ... 220

Forage yield and N fixation of Trifolium alexandrinum in pure stand and in mixture
with Lolium multiflorum

Giambalvo D., Amato G., Di Miceli G., Frenda A.S., Ruisi P. and Stringi L. .............. 223
Effect of different methods of sward renovation on selected physical and chemical soil
properties

Zajqc M., Spychalski W. and GOlInSKi P. ...........cccccocoeviiiiiiiiiiiiiieceeeee e 226

Biogas-Expert: grassland methane yield and short-term N efficiency of biogas residues
Wienforth B., Herrmann A., Sieling K., Ohl S., Hartung E., Taube F. and Kage H. ....229
Using digital image analysis to estimate legume contents in legume-grass swards
Himstedt M., Fricke T. and Wachendorf M. .............c.cccccoociiviivmioeiiaiesieiieese e 232
Grassland potassium balance in a pot experiment using soils with different management
histories

Seidel M., Kayser M., Moir J.L. and IsSelStein J. ..............c.ccocuuvveveevesieeceaiesearennen, 235
The intensity of grassland management on farms in the north-eastern part of Lublin
province

Jankowski K., Jodelka J., Kolczarek J. and Sosnowski J. ...........cccccooevcevcvecianenianann. 238

Effects of Trifolium incarnatum proportion in binary mixtures with Lolium multiflorum
on the soil Ny, content and the amount of symbiotically fixed N
Kramberger B., Gselman A. and Podvrsnik M. ............c..cccccooveveiciioinieiiiiiiene i 241
Use of portable NIRS equipment in field conditions to determine the nutritional value
of mountain pastures

Mendarte S., Ibarra A., Garbisu C., Besga G. and Albizu I. ...............ccccoovecvaenennn.n. 244
Dairy soiled water as an organic fertilizer for perennial ryegrass pasture
Minogue D., Murphy P., French P., Coughlan F. and Bolger T. ...................cc..c...... 247

Fertilisation with different types of sewage sludge on pasture production and protein
concentration in a silvopastoral system developed under Fraxinus excelsior L
Mosquera-Losada M.R., Ferreiro-Dominguez N. and Rigueiro-Rodriguez A. ............. 250

X Grassland Science in Europe, Vol. 15



Impact of different levels of inorganic and organic fertilizers on sward production

Rigueiro-Rodriguez A., Garcia-Fernandez M. and Mosquera-Losada MR. ............... 253
Effect of frost on regrowth ability and frost tolerance of rush (Juncus spp.)

Folkestad J., Ostrem L. and Netland J. ...............cccccccoooeeiiiiiiiiiiiiiieiiiiieeeeeeeeeee 256
Hyperspectral measurements in maize (Zea mays L.) for silage

Perbandt D., Fricke T. and Wachendorf M. ...............cccccovciiviavienesiaieieiieene e 259

Effects of additional illumination under changing simulated sky cover on field
spectroscopic measurements in clover-grass swards

Perbandt D., Fricke T. and Wachendorf M. .............ccccccooiiiiiiieniiiiieiiiiieneie e 262
Analysis of land utilisation by red deer in the Apennine Mountains

Crocetti C., Ponzetta M.P., Minder 1., Messeri A., Cervasio F., Argenti G. and

MACCEITT S. ... 265
Ammonia volatilization after application of biogas slurries in a coastal marsh region of
Northern Germany

Quakernack R., Techow A., Herrmann A., Taube F., Kage H. and Pacholski A. ......... 268
Changes in soil P status of grassland in the Netherlands between 1971 and 2009

Reijneveld J.A., Ehlert P.A.I., Schoumans O.F., Termorshuizen A.J and Oenema O. ..271
A comparison of different conversion techniques for the production of energy
from permanent grasslands

Richter F. and Wachendorf M. ............cccccoeioiiiiiiiiiiiiiiit et 274
Improvement of permanent grasslands in NE Romania
Samuil C., Vintu V., Iacob T. and Popovici L.C. ...........cc.ccccovemiinoiioaiiiiiieiiieee, 277

Effects of different methods of meadow maintenance and non-tillage seeding on yield
and plant composition

Sauter J. and LAtSCR R. ..........c..ccccooioiioiiiieiet e 280
Suitability of perennial grasses and legume-grass-mixtures for methane production

Schmaler K., Weifs K. and Krause R. ...........c..cccccovieciivieiiiiaieneeeeeecieeie e 283
Defining optimum practices for Italian ryegrass seed production in Serbia

Simic A., Vuckovic S., Petrovié S. and Sokolovic D. .............c..ccccciiiiieeieeieieieieae 286
Influence of sod seeding grassland on the quality of the first cut

Skladanka, J., Mikyska F., Dolezal P., Seda J. and Rosick@ L. .....cocooooeeeeeeeeeee. 289
The benefits of long-term legume swards in an organic farming system

Slepetys J. and SI1epetione A. .............ccoeoeiciiiiiiiiiiieet e 292

Grass and grass-legume mixtures for methane production

Solter U., Hoppner F., Luesink W., Ingwersen B., Feuerstein U. and Greef J. M. ........ 295
Biogas-Expert: Sustainable biomethane production in northern Germany - Nitrogen
leaching after application of biogas residue

Svoboda N., Wienforth B., Sieling K., Kage H., Taube F. and Herrmann A. ............... 298
Biogas-Expert: Nitrous oxide emission from biogas production systems on a coastal
marsh soil

Techow A., Dittert K., Senbayram M., Quakernack R., Pacholski A., Kage H.,

Taube F. and Herrmann A. .............c.cccccocceioiiiniiiiiiiiiietic et 301
The evaluation of tall fescue, cocksfoot and reed canary grass as energy crops
for biogas production

Tilvikiene V., KadZiuliené Z. and DabkeViCius Z. .........cccccueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeann 304
Potential of leaching to optimise fuel quality of semi-natural grassland biomass
Tonn B., Thumm U. and Claupein W. ..........cccccooeioiiiiiiieniniiieeee et 307

Improving grasslands of Agrostis capillaris and Festuca rubra in the Carpathian
Mountains of Romania by organic fertilization
Vintu V., Samuil C., Popovici I.C. and Saghin G. ..............c.ccovuevveveeveeeeieeniaienenns 310

Grassland in a Changing World XI



Session 2.2 The role of genetic resources
Oral presentations
The effect of evaluation protocol on the dry matter yield performance of Lolium perenne
varieties

McEvoy M., O’Donovan M., Wims C. and Kennedy E. ............cccccoevciiciviiniiniiinann, 314
A system to optimize forage crop variety trials for regionalized Recommended Lists in
Germany

Hartmann S. ........cocooouiiiiiiiiiii i 317
Genetic shift in white clover (Trifolium repens L.) after natural selection in a marginal
area

Goransson M. and HelgadOttir A. ...................coo.ooeooeeeeeeeeseeeeeeeeeeeeeeeeese, 320

Poster presentations
Some plant characteristics of accessions of fescue species (Festuca sp.) collected from
the Central-Black Sea Region of Turkey

Acar Z., Ayan L., Basaran U., Mut H. and ASCi O. .............c.ccooeviecveceiiiiiaieiieiannanne 323
White clover (Trifolium repens L.) germplasm evaluation under two levels of soil
phosphorus: growth and phosphorus absorption

Acuria H., Inostroza L. and Sanchez M.P. ................cccccocuoioiiiininiiiiiieee e 326
Influence of the cutting regime on sainfoin yield (Onobrychis viciifolia Scop.)
Demdoum S., Delgado I. and MUumioz F. ..............cccccooiivueiiiiiiiiaieeieeeieee e 329

Morphogenetic and structural characterization of seven tropical forage grasses
Nascimento Jr. D., Rodrigues C.S., Da Silva S.C., Silveira M.C.T., Sousa B.M.L.,
Detmann E., Sbrissia A.F., Silva W.L., Pena K.S., Monteiro H.C.F. and
VII@La H.H. ..ottt ettt 332
Morphogenetic and structural characteristics of Andropogon gayanus cut to different
heights over seasons
Nascimento Jr. D., Sousa B.M.L., Da Silva S.C., Monteiro H.C.F., Rodrigues C.S.,

Souza Jr. S.J., Sbrissia A.F. and Ramos R.S. .........c...ccooioiiiiiiiiiiiieiiieeeieeeeeeeeeee e 335
Legumes increase forage Brassica yield in low-input systems
Fustec J., Cortés-Mora F.A., Piva G., Oury V., Pineau S. and Renaud S. .................... 338

Influence of 1000-grain weight on predicted density of selected varieties of pasture
grass species

Harkot W., Czarnecki Z. and Gawryluk A. ...............ccccocoviiiiiiiiniiiiiiiiiiieeic e 341
Genetic diversity of red clover varieties listed in Germany concerning the resistance to
Southern Anthracnose

Jacob 1., Hartmann S., Schubiger F.X. and Struck C. ...........ccccoovvvvevevciiciicaniiiaann 344
Osmotic adjustment and water use efficiency of seven cultivars of Lotus corniculatus L.

Inostroza L., Acuiia H. and Rivera H. ............ccccoooooueeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeaa 347
Root system development of Lolium perenne under different management

Strakova M., Jankit L. and Strakar J. ..............ooeeoeeeeeeeeeeeeeeeeee e 350

Genotypic differences in maize phenology, growth and biomass in response to different
N fertilizer sources applied at variable rates

AMARUIIAR............c.ooiooiiei s 353
Conservation characteristics of maize cultivars ensiled as whole-crop, cob or stover at
sequential stages of maturity

Lynch J.P., O’Kiely P. and Doyle E.M. ...........ccccccccoouiiiiiiiiiaiiiieieeeeeeee e 356
Response of Dactylis glomerata to low temperature stress
Borawska-Jarmutowicz B., Mastalerczuk G. and Kalaji M.H. .............ccccccccovcvievavnnnnn 359

XII Grassland Science in Europe, Vol. 15



Apex development and stem morphology of vernalized and regrowing tillers of timothy
Seppdinen M., Pakarinen K., Jokela V., Andersen J.R., Fiil A., Santanen A. and
VIPRGIGIVE P. .oo.veeee ettt st et ens b eneenees 362

Lifespan of white clover (Trifolium repens L.) plant organs under northern temperate

climatic conditions
Sturite I., Henriksen T.M. and Breland T.A. ..............c.cccccoceeininioioiiiiniiiiiee, 365

Effects of fungal endophyte infection in the grass Festuca rubra on germination and

growth of four legume species
Vazquez-de-Aldana B.R., Romo M., Garcia-Ciudad A., Petisco C. and

Garcia-Criado B. ..........cccccoieioiiiiiiiniiiiiiiineeteteeeetet ettt 365
Cytoplasmic genetic diversity in molecular markers within and between Lo/ium cultivars
Wallace M.D., Provan J. and Gilliland T.J. ..............c.ccccoceeiioiiiininiiiiiiceieee 371

Effect of maturity type of Lolium perenne cultivars on performance of grass-clover
mixtures under frequent cutting
Wulfes R. and Taube F. ................cccccccoiiiiiiiiiiiiiiiiiiiiei e 374

Session 3. From Grass to Milk and Meat
Invited papers
Forage conservation, feeding value and milk quality
Huhtanen P., Siidekum K.-H., Nousiainen J. and Shingfield K.J. ............c..ccccccocvoevenn. 379
Authenticity and traceability of grassland production and products
Monahan F.J., Moloney A.P., Downey G., Dunne P.G., Schmidt O. and
HArriSON S. M. ..o s 401

Session 3.1 Forage conservation, feeding value and product quality
Oral presentations
Harvest dates affect fungal counts and fungal composition of baled haylage
Schenck J.A. and Miiller C.E. ............cccoccooiiiiiiiiiiieieeee e 416
Influence of genotype and mechanical stress on the specific polyphenol oxidase activity
in pure red clover swards

Weiher N., Krawutschke M., Gierus M. and Taube F. ..........c..ccccccoevevvnciecenniianann. 419
Variation of fatty acid content in grass and milk during the grazing season
Wyss U., Miinger A. and Collomb M. ................cccccoceeveiiiiiaieniiieieieeeeeee e 422

Effect of pasture botanical composition on milk composition in organic production
Adler S., Dahl A.V., Vae A.H., Thuen E., Garmo T., Krogh-Jensen S.,

Hansen-Moller J. and Steinshamn H. .................ccccocoooivioiioiiiiniiiieeeeeeeeea 425
Top losses in maize silage sealed with different plastic films
Bernardes T.F., Nussio L.G. and Amaral R.C. .............cccccocovoiminioiiiinieieeee, 428

Comparison of grazed grass and a TMR diet on early lactation milk production
performance

Kennedy E., Lewis E., Murphy J.P. and O’Donovan M. ...............cccccccoovccnviniinennann. 431
Influence of tree and shrub presence on plant nutrient content of pasture in dehesa system

Lopez-Diaz M.L., Moreno Marcos G. and Rolo Romero V. ..........cccccccevcvvvevceicvicnanins 434
Enrichment of C in Medicago sativa and Lolium multiflorum n-alkanes

Bulang M., Boguhn J. and RodehutScord M. ................ccccoovveveieecieienieeieeie e 437

The condensed tannins in sainfoin cause digestive synergy on in vitro rumen
fermentation of cocksfoot
Niderkorn V., Le Morvan A. and Baumont R. ................ccccouuueeeeeeeeieeeeeeeeeeeeeeeeen 440

Grassland in a Changing World X1



A scheduling model for forage harvesting
Sorensen C.G., Bochtis D.D., Green O. and Qudshoorn F.-W. ......cccccccooeiiiiiiiiiniiiinn, 443

Poster presentations
Forage botanical and chemical composition on dairy farms with different grassland
systems and production systems
Adler S. and SteinShamm H. ...............c.ccoocueeveiiiieiiiiiiiieieeie e 446
Using NIR spectroscopy to determine cow diet and geographical origin from
milk samples

Andueza D., Coppa M., Agabriel C., Constant 1., Lombardi G. and Martin B. ............ 449
Development and nutritive value of three varieties of sainfoin compared to lucerne
during primary growth

Theodoridou K., Aufirére J., Andueza D., Pourrat J. and Baumont R. .......................... 452
Quality of grass silages wilted as swathed or wide-spread crop

Bakken A.K., Johansen A. and Synnes O. M. ............cccccocevciioimieioeiieieiiiieese e 455
Top losses of corn silage sealed with oxygen barrier film

Basso F.C., Reis R.A., Nogueira M., Bernardes T.F. and Roth A.P.T.P. ...................... 458

Propionibacterium acidipropionici, Lactobacillus plantarum or its combination on the
aerobic stability and microbial dynamics of corn silage

Basso F.C., Reis R.A., Assis F.B., Lara E.C. and Rodrigues J.F.H. .........cccccc.ceoenn. 461
Lactobacillus buchneri, Lactobacillus plantarum or their combination effects on aerobic
stability and microbial dynamics of corn silage

Basso F.C., Reis R.A., Nogueira M., Assis F.B. and Roth A.P.T.P. .........ccccccccoevu... 464
The effect of forage species on kinetics of large and small particles in dairy cows
Bayat A.R., Rinne M., Ahvenjdirvi S. and Huhtanen P. ...............c.ccccecuvcveveniviiiaiiannnn 467

Forage species effects on particle digestion kinetics estimated by rumen evacuation or
gas production technique

Bayat A.R., Rinne M., Seppdild, A., Ahvenjcrvi S. and Huhtanen P. ............................ 470
Non structural carbohydrate concentration of AM and PM-cut forage species

Bélanger G., Pelletier S., Tremblay G.F., Bertrand A., Drapeau R., Castonguay Y.

AN Pageaut D. ..............c..ccoooiiiiiiiiiiiiiiiii e 473
Characterization of forages produced and used in the production area of
Parmigiano-Reggiano cheese

Bortolazzo E., Ligabue M. and Pacchioli M.T. .............ccccoouovievmiieieeieieeieieie e 476
Variability in composition of grass samples in a national testing system for
Lolium perenne L.

Burns G.A., Gilliland T.J., McGilloway D.A., Lewis E., O’Donovan M. and

O KIEIY P. ..o 479
Aerobic deterioration in maize silages under different covering methods of the
plastic film

Amaral R.C., Queiroz B.C., Garcia E.H.C., Sa Neto A., Bernardes T.F. and

INUSSIO LG oo 482
Description and prediction of multi-species pasture nutritive value across the grazing
season

Delaby L., Baumont R., Peccatte J.R., Aufiére J. and Peyraud J.L. ............................. 485
Physico-chemical characterisation of forage fibre from different Cs-grasses in
South Brazil

Eggers M., Bockor J., Oliveira Junior J.M., Warpechowski M.B., Dittrich J. and

GHETUS M. ..ottt 488

XIV Grassland Science in Europe, Vol. 15



Fatty acid composition of forage herb species

Warner D., Jensen S.K., Cone J.W. and EIgersma A. ...........cccccoceecevvevcencinccncineaanne, 491
Effects of row spacing and seeding rate on sorghum whole crop yield and quality

Emile J.C., Bolanios-Aguilar E.D., Le Roy P. and Audebert G. ............ccccoccvvcvicvnnnnnnns 494
Yields and contents of condensed tannins of some forage legumes and herbs

Goeritz M., Loges R. and Taube F. .............ccccccooveiiiiiiiieiiiieeseeeeee e 497
Effects of dry matter and additive on wilted bale silage quality and milk production

Heikkildi T., Saarisalo E., Taimisto A.-M. and Jaakkola S. .................ccccoccovvininincn. 500

Aerobic stability and fermentation quality of round bale silage treated with inoculants
or propionic acid
Jaakkola S., Saarisalo E. and HEikKilci T. .......c...oooveeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 503
Effects of a combination of selected lactic acid bacteria strains on the fermentation
quality and aerobic deterioration of maize silage

Jatkauskas J. and Vrotniakiene V. ..............cccccoioiiiiiiniiniiaiiesee e 506
Evaluation and performance of five maize hybrids for silage cut at different
cutting heights

Jobim C.C., Oliveira F.C.L., Branco A.F. and Santos G.T. ..............cccccceceenvenvenenns. 509

Characterisation of the fibre composition of fresh and ensiled herbage species under
varying management conditions

King C., McEniry J., Richardson M. and O’Kiely P. ............cccccocvvvveniinoiiieniinann 512
Silage fermentation characteristics as influenced by red clover/ryegrass-mixing ratio,
degree of wilting and silage inoculants

Krawutschke M., Thaysen J., Weiher N., Gierus M. and Taube F. ................c..c.......... 515
The effect of different fodder galega-grass mixtures and nitrogen fertilization on
forage yield and chemical composition

Ldittemdie P., Meripold H., Tamm U. and Tamm S. ..............cccocevoeioieveiiiiiiieieii i 518
Insights into carbohydrate and protein fractionation in perennial ryegrass (Lolium
perenne L.) genotypes using the Cornell Net Carbohydrate and Protein System. 1.
Carbohydrate and protein fractionation

Lésche M., Salama H., Gierus M., Herrmann A. and Taube F. .................ccccccocveun. 521
Performance of ewes fed long or chopped grass silage using different feeding strategies
Helander C., Eilersen R., Norgaard P., Arnesson A. and Nadeau E. ........................... 524

Volatile fraction from sugarcane silage and forage proportion on the ingestive behaviour
of beef steers

Daniel J.L.P., Nussio L.G., Zopollatto M., Goulart R.S., Santos V.P. and

T01edo FilNO S.G. ...ccoooiiiiiiiiiit e 527
Effect of additive treatment on fermentation quality and ruminal degradability of
red clover-timothy silage

Olt A., Kaldmdie H., Ots M., Kéirt O. and Songisepp E. ........ccccoevecvevevceeieeieniiranene 530
Effect of fungicidal control of Chewing’s fescue (Festuca rubra L. ssp. commutata) and
strong creeping red fescue (F. rubra L. ssp. rubra) on seed infection with fungi

Panka D., Jeske M. and Szczepanek M. ..............cccccoooiiviiiiiiiiiiiiiieeceeeeeee e 533
Suitability of seed mixtures for intensively farmed permanent meadows in a mountain
environment

Peratoner G., Gottardi S., Werth E., Figl U., Bodner A. and Kasal A. ....................... 536
A simple model for the estimation of protein content of first-cut meadow forage

Peratoner G., Bodner A., Stimpfl E., Werth E., Schaumberger A. and Kasal A. .......... 539
A test of sampling methods for the investigation of forage quality in permanent meadows

Kasal A., Stimpfl E. and Peratoner G. ................ccccocuineoiioiiiniieiiiieieeeeeeeea 542

Grassland in a Changing World XV



The effect of Na-buffered acid-based additives on wilted roundbale grass silage

RANADY AT, ..o, 545
Relationships between dry matter yield, forage nutritive value, and some canopy
parameters of alfalfa crop

Rimi F., Macolino S. and Ziliotto U. ...........cccceeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 548
Insights into carbohydrate and protein fractionation in perennial ryegrass
(Lolium perenne L.) genotypes using the Cornell Net Carbohydrate and Protein System.
2. Ruminal kinetics

Salama H., Losche M., Gierus M., Herrmann A. and Taube F. ................cccccoveeeenne.... 551
Floristic composition and herbage quality changes with tree cover in NW Patagonia,
Chile

Sdanchez-Jardon L., Acosta B., Elizalde H.F., del Pozo A., Casado M.A., Ovalle C.,

Hepp C. and de Miguel J.M. .............cccccooiiiiiiiiiiiiiiiiiiiit e 554
Aerobic stability evaluation by carbon dioxide (CO;) production on corn silages using
Infrared Gas Analyzer

Schmidt P., Junges D., Campos G.P. and Marques R. ..............cccccooevvecveveiinceanenn, 557
Hygiene is crucial in controlling the heating of total mixed ration

Seppdild A., Heikkilci T., Miettinen H. and Rinne M. ..............ccccovveveeveeeeceeniiianenn, 560

The effect of climate, clover species and swath management on pre-wilting of a mixture
of grass and clover

SOCGAATA K. ..ottt 563
Micro-mineral profile in different grassland species
Soegaard K., Sehested J. and Jensen S.K. ............ccccooviviiiiiininiiiiiieeeeee 566

Yields of forage crops in Schleswig-Holstein 1985-2008 under farm-scale and trial
conditions

Thaysen J., Dreyer H., Sierts H.-P. and ThomSen J. ...............cccccvceeeeevenceiceaceniiiannns 569
Does tiller type distribution explain the differences in yield and nutritive value of
timothy genotypes?

Virkajérvi P., Pakarinen K., Hyrkds M., Savolainen J. and Isolahti M. ....................... 572

Fermentation quality and dry matter losses of grass-legume silage treated with lactic
acid bacteria mixture
Vrotniakiene V. and JatkQuskas J. .............ccccociieeviiiiiiieniiieieeee e 575
A comparison between cut and intensively grazed swards on dry matter yield of
perennial ryegrass

Wims C., McEvoy M., Boland T. and O’Donovan M. ............c.cccccoceeveevcencinciennnrinann 578
The influence of natural fertilisation on quality and nutritive value of grass silage
Wrobel B. and Jankowska-HUFIEft H. .............c.ccovoeioiiiiiiiiiiieeeeeeeee e 581

Session 3.2 Authenticity and traceability of grassland production and products
Oral presentations
The effect of allocation frequency in rotational grazing systems on the fatty acid profile
in milk fat of dairy cows
Viaeminck B., Abrahamse P.A., Fievez V., Lourenco M., Dijkstra J. and
TAMMUNGA S. ...ocee e ettt ettt ettt et ettt an 586
Influence of the botanical diversity and development stage of mountain pastures on
milk fatty acid composition, carotenoids, fat-soluble vitamins and sensory properties
Tornambé G., Ferlay A., Farruggia A., Chilliard Y., Loiseau P., Pradel P.,
Graulet B., Chauveau-Duriot B. and Martin B. ...............ccccooceoeoioiiciniii e 589

XVI Grassland Science in Europe, Vol. 15



Meat quality of Norwegian lambs finished on semi-natural pastures, concentrate or
ryegrass pastures
Lind V., Berg J., Eik L.O., Eilertsen S.M., Hersleth M. and Haugland E. .................... 592

Poster presentations
Variation of fatty acid profile during the grazing season in cows’ milk from mountain
permanent meadows

Coppa M., Lonati M., Gorlier A., Falchero L., Cugno D., Lombardi G. and

CAVAILEFO A. ... 595
Milk fatty acids and cheese from hay based diet and continuous or rotational grazing
Coppa M., Ferlay A., Monsallier F., Farruggia A., Pradel P. and Martin B. .............. 598

Milk production and composition of day and night grazing of cows fed a total
mixed ration

Herndndez-Ortega M., Morales-Almaraz E., Martinez-Ferndndez A.,

de la Roza-Delgado B. and Vicente F. ..........ccccooovoioiioieiiiiiiiaese e 601
Fatty acids and antioxidant profiles in summer milk from different biodynamic and
conventional systems in Southern Germany

Kusche D., Ruebesam K. and Baars T. ........ccc.ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaee 604
Effect of the reduction of indoor supplementation on grazing time and sheep milk quality

Mandaluniz N. Barron L.J.R., Amores G., Arranz J., Virto M., Abilleira J.E.,

Aldezabal A., Ruiz de Gordoa J.C., Ndjera A.I., Ruiz R., Albisu M.,

Pérez-Elortondo F.J. and de Renobales M. ................cccccccoveviaiiiiiieeiiiiaieiiiaieeneenn 607
Ability of visible spectroscopy to authenticate pasture-fed lambs in three breeds

Prache S., Larue A., Ballet J., Jailler R., Coustet C., Teuma J.B., Pourrat J. and

ARAUEZA D. ... e 610
Seasonal variation of fatty acid in milk of intensive and extensive dairy systems
in Northern Italy

Revello Chion A., Battelli G., Giaccone D., Peiretti P.G., Tabacco E. and

BOFTeANT G. ... 613

Composition and fatty acids profile of bovine milk after supplementation with barley
and cottonseed
Roca-Ferndandez A.1., Gonzdlez-Rodriguez A., Vazquez-Ydiiez O.P. and

Ferndndez-Casado J.A. .............ccccooooiiiiiieiiiiiiieie et 616
Influence of French dairy feeding systems on cow milk fatty acid composition
Rouillé B. and MORIOUIFCY M. ........c.c.cooiiieieieiieiiee ettt 619

Seasonal variation in the fatty acid composition of cow milk in the mountain regions
of the Czech Republic

Frelich J., Slachta M., Hanus O., gpiéka J., Samkova E. and Kobes M. ...................... 622
Diversity of vascular plants and ground beetles (Coleoptera: Carabidae) in mountain
cattle pastures

Slachta M., Frelich J., Tonka T., Hakrovd P. and SYkorova Z. ..............cocooveeeeevee. 625
The maturity stage of the grass affects milk fatty acids of cows grazing a mountain
grassland.

Tornambé G., Martin B., Pradel P., Di Grigoli A., Bonanno A., Chilliard Y. and

FO LAY A. .ot e 628
Fatty acid composition of different grassland species
Wyss U. and Collomb M. ..............c.ccccooiiiiiiiiiiiiiiiiiiiiiic e 631

Seasonal variation in fatty acid contents of cow milk from indoor and
pasture-based feeding
Wyss U., Collomb M., Frey H.J. and HOfStetter P. ..............cccoueveveveeseniaieniniraneennns 634

Grassland in a Changing World XVl



Session 4. Grassland Ecosystem Services

Invited papers
Balancing trade-offs in ecosystem functions and services in grassland management

Sanderson MLA. and WGLZOIA F. ............c...cc.ccovoviuiiiiieiiiiieeeeeeee e 639
Ecosystem services and functions of biodiversity in grasslands

Weigelt A., Vogel A. and Scherer-Lorenzen M. .............ccccccccuveviiciaieieniaieneiiaeenes 649

Session 4.1 Balancing tradeoffs between functions
Oral presentations
Plant functional strategies from 13 co-occurring grass species explain the productivity
and abundance in productive grasslands
Pontes L. da S., Maire V., Gross N., Proulx R., Louault F., Carrére P. and

SOUSSANA J.F. ..ottt et 654
Distinct response of two wet grassland communities to different management regimes

Cop J., Eler K. and Vidrih M. ..............coo.ooooooeoeeoeeoeeeeeeeeeeeeeeeeee e 657
Regulation of meadow saffron (Colchicum autumnale L.) in extensively managed
grasslands

Jung L.S., Winter S., Kriechbaum M., Eckstein R.L., Donath T.W. and Otte A. ........... 660
Winter resistence of pasture weeds Rumex obtusifolius L. and R. crispus L.

Kristalova V., Hejcman M. and CEVENA K. oo, 663

Evaluation of the agronomical and environmental relevance of the CAP measure
‘flowering grassland’
Plantureux S., Ney A. and Amiaud B. ...............cccccocooviaviiiiiiieieiieieceese e 666

Poster presentations
Pyrrolizidine alkaloid level in Senecio jacobaea and Senecio erraticus — the effect
of plant organ and forage conservation

Berendonk C., Cerff D., Hiinting K., Wiedenfeld H., Becerra J. and Kuschak M. ....... 669
Yield evolution from pastures on the Po Valley plain during the growing season

Da Ronch F. and Ziliotto U. .............c.cccoveiiioiiiniieiiieeeeee e 672
Pasture characteristics on a Venetian prealps malga where the animals’ diet is
supplemented by concentrates

Da Ronch F. and Ziliotto U. ............c.cccccocceiiiiiniiiiiiiiiiiecieeeeee e 675
Speed of reduction of the specific biodiversity in abandoned meadows when they are
re-colonized by woodland

Da Ronch F., Macolino S. and Ziliotto U. .........oocccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeean 678
Effects of the management techniques on the specific and coenotic biodiversity in three
meadows of the Venetian plain (NE Italy)

Da Ronch F., Bonifazzi B. and Ziliotto U. .............ccccccoceviiiiiavieneeieiesieeeee e 681
Construction of a simplified method based on the functional composition of the vegetation
for characterizing the agricultural services provided by species-rich grasslands

Duru M., Cruz P., Jouany C. and Theau J.P. ............cccccoceiviivmioeiiaieneeiiieiese e 684
Survival of Rumex seedlings under different management in upland grassland
Gaisler J., Pavlit V. and Pavlit L. .................cccccciiiuiiiinioiiiiiiiiee e 687

Increasing the milk quality with grazing feeding in humid Spain grassland

Gonzalez Rodriguez A., Roca-Fernandez A.1., Vazquez-Yariez O. and

Fernandez-Casado J. ..............ccoouoiiiiiiieiiiiiiiiieit et 690
Grassland in Pays de Caux (France): balancing trade-off between livestock feeding and
decreasing runoff

Faure J., Havet A., Remy B. and Barrier C. .............ccccoviivueveieeieienieieeiesienie e 693

XVIII Grassland Science in Europe, Vol. 15



Secondary dry grassland management by frequent mowing in the Western-Cserhat,
Hungary

Hzi J.,Bartha S., Szentes S., Malatinszky A. and Penksza K. ..............cccoooveeveeene... 696
Agronomic characteristics of a lowland and a mountain hay meadow under different
cutting regimes

Hofmann M., Kirschig J. and Riehl G. .............cccccocciiiiiiiiiiiiiaiiieeieese et 699
The effect of different grazing systems on botanical composition, diversity and
productivity of permanent pasture

Kobes M., Suchy K., Vozenilkova B. and Frelich J. .............cccccccovcivoeiiniiioiiiniinans 702
The impact of Deschampsia caespitosa (L.) P. Beauv (tufted hairgrass) on the floristic
composition of meadow communities

Kryszak A., Strychalska A., Kryszak J. and Klarzynska A. ............ccccceeceeeeeceevcenciionanins 705
Effect of cutting frequency of a meadow sward on the bulk density of a peat-muck soil
KUTTk M. e 708

Protecting Aquatic Warblers (Acrocephalus paludicola) through a landscape-scale
solution for the management of fen peat meadows in Poland
Lachmann L., Marczakiewicz P. and Grzywaczewski G. ..........ccocvevevceioiicenieiiiienns 711
Practices and motivations of farmers who sign contracts to preserve grassland
biodiversity

Nettier B., Dobremez L., Orsini M. and Fleury P. ...........cccccccovoiiciioenieniiieeiiienn 714
Phenolic compounds in sustainable grassland production: availability of nitrogen to
plants

Oreja A., San Emeterio L., Villanueva E. And Canals R-M. ..............ccoccvvvvvcvevvirannnn. 717
Could the grassland production costs be an argument for biodiversity?

Orth D., Begon M. and SABALIEE J. .............c..cccocuecieiiiiiieieiieiesieeeeeeie e 720

Multidimensional scaling for describing the risks for grasslands ecosystems located
in the Polish Landscape Parks

Paderewski J. and Sienkiewicz-Paderewska D. ...............cccccocoveoioiiiininioiiiiiien, 723
Changes in plant C-S-R strategy after 10 years of different management of a mountain
hay meadow

Paviii L., Paviii V. and Gaisler J. ...............ccoooeiieiiiiiiiiiiiie e 726
Incidence of Epichloé festucae in Festuca rubra plants of natural grasslands and
presence of double-stranded RNA fungal viruses

Petisco C., Garcia-Ciudad A., Vazquez-de-Aldana B.R., Garcia-Criado B. and

ZaDAIZOZEAZCOA L. ... e 729
e-FLORA-sys, a website tool to evaluate the agronomical and environmental value
of grasslands

Plantureux S. and Amiaud B. ..............ccccooiiiiiiiiiiiiiiiiiieit et 732
Effects of extensive year-round grazing on breeding bird communities in Northern
Germany

Ruf M., Neumann H. and Reck H. .............ccccoocueviiiiiiiaiiiiiieiesieeieiesie e 735
Mechanical weeding of Rumex obtusifolius in grasslands

Strnad L., Hejcman M., Kristdalova V. and Fricova K. ..........cc.ccccoovevciviieceeieneinannnn, 738
Effect of different management on the yields, forage quality and botanical composition
of permanent grassland

Stybnarova M., Svozilova M., Hakl J., Karabcova H., Pozdisek J. and Otrhdlkovd P.. 741
Fertilization as a factor of plant community change, higher productivity and water
percolation on a mountain meadow

Szewczyk W. and Kasperczyk M. ..............cccccoccoieiiiiiiiiiiiiiiiieee e, 744

Grassland in a Changing World XIX



Minimum management intensity for maintaining and improving biodiversity of a
mesotrophic semi-natural grassland
Tonn B. and Briemle G. ............ccccooiiieiieiiiiiieeeeeeeee e 747

Session 4.2 Functions of biodiversity
Oral presentations
Paths of nitrogen transfer from Trifolium repens to non-legume plants in
unfertilised pastures

Auerswald K., Schéiufele R. and Schnyder H. .............cccccocoioiivinciiieiiiiieeic e 752
Effect of mono- and mixed grazing of cattle and sheep on grassland diversity patterns

Seither M., Petersen U., Wrage N. and ISSelstein J. ............cccocuviivimvcniinienicnicnieanen, 755
Anecic earthworms and associated ecosystem services under pressure in a ley-arable
crop rotation

van Eekeren N., Bommelé L., Bokhorst J., Schouten A.J., Reheul D. and

BUUSSAAEA L. ...t 758
Agronomically improved grass-legume mixtures: higher dry matter yields and more
persistent legume proportions

Suter D., Huguenin-Elie O., Nyfeler D. and Liischer A. ..............cccccoveveeveeveneiiannnn. 761
Grass root turn-over for improved soil hydrology to combat flooding

Humphreys M.W., Turner L.B., O’Donovan S.A., Macleod C.J.A., King LP.,

Whalley W.R. and Haygarth P.M. .............cccccooouevieiiiiieieii et 764
Poster presentations
Habitat improvements with agronomic treatments for ungulates in an area of central Italy

Messeri A., Ponzetta M., Cervasio F., Crocetti C., Gori L. and Argenti G. ................ 767
Plant communities and soil groups in mountain pastures of the Central Pyrenees

Ascaso J., Alcubilla M., Broca A. and Ferrer C. ...........ouuooocueeeeeeeeeeeeeeeeeeeeeeeeeeeeees 770
Quality of food products from species-rich alpine pastures

Bele B., Osterlie M. and Novderhaug A. ...............cccccccooviiiiiiiiiiiiiiiieiiiieese e 773
Halting the loss of biodiversity: Endemic vascular plants in grasslands of Europe

Bruchmann I. and HODORM C. ...........c..ccoooviiiiiiiiiiiieee e 776
Diversity of weed spectrum in grasses grown for seed in the Czech Republic

Cagas B., Machac J., Frydrych J. and MachGc R. .............cccoooevevcieveieiieeiiieene 779

Multi-species mixtures - new perspectives on models and mechanisms
Connolly J., Bell T., Brophy C., Carnus T., Finn J., Kirwan L., Luscher A.,

Sebastia M.T. and Weigelt A. ...........cccoooviiiiioiiiiiieie e 782
Study of the earthworm population (Lumbricus terrestris) in grassland differing in
management

Daugéliené N., Zekoniené V., Bartkevicius E. and Gavenauskas A. ...............ccc......... 785
A method to assess the management of permanent grasslands at farm level

Duru M., Cruz P., Martin G. and Theau J.P. ..............ccccoceooiiineiiaciiinieiieeeen 788

Influence of management and environmental factors on species composition and species
richness in semi-arid rangeland in western Iran

Faramarzi M., Kesting S., Wrage N. and Isselstein J. ............cccccocuvevevoeicievencninains 791
Richness of unsown plant species in a sown ley crop
Frankow-Lindberg B.E. .............cccoooiiiiaiiereiieieeee ettt 794

Carbon isotope composition (8'°C) in Dactylis glomerata and its relationship with
water use efficiency at plant and leaf level
Gulias J., Ribas-Carbo M., Moreno M.T., Conesa M.A. and Cifre J. .........ccccceouee.. 797

XX Grassland Science in Europe, Vol. 15



Management strategies to increase botanical diversity at grassland with a history of
intensive agricultural management

Hald A.B. and Nielsen A.L. ............ccccoocuiiiiiiieiiiiieeet e 800
How can Trifolium repens patches simultaneously expand and persist?
JONANSEI L. ...ttt s 803

Restoration of species-rich grasslands: reduction in nutrient availability slightly
improved forb species’ establishment

Huguenin-Elie O., Stutz C.J., Gago R. and LiiSCher A. ............ccccevvevevienciiceniiiiaenns 806
Differences in plant species diversity between managed and abandoned semi-natural
meadows

KQCKI Z. ..o 809
Diversity—ecosystem function relationship in mixed forage crops

Llurba R., Ribas A., Ventura D., Connolly J. and Sebastia M.T. ..............c..ccccoceenen.. 812
Plant strategies in relation to different grazing intensities

Ludvikova V. and Paviil V. .............cccccooeiiiiiiiieiiieieeeeee e 815
Grass-legume mixtures can fix more N, from the atmosphere than legume pure stands

Liischer A., Nyfeler D., Suter M., Suter D. and Huguenin-Elie O. ...........c.c..c.ccoe.... 818

The effect of manipulated plant species diversity of semi-natural permanent grassland
on forage production and quality

Petersen U., Isselstein J. and Wrage N. .........c.cccccccuiiioiniiiiiiiiineniieiieeie e 821
Manipulating species richness of permanent grasslands - a new approach to biodiversity
experiments

Petersen U., Wrage N., Kohler L., Leuschner C. and Isselstein J. .............ccccccoeuen... 824
Diversity and stability in experimental grassland communities

Picasso V.D., Brummer E.C. and Liebman M. ................ccccccooevoeieoiiiiiiniiieaeeenn 827

Nitrogen uptake from shallow- versus deep-rooted plants in multi-species and
monoculture grassland
Pirhofer-Walzl K., Hogh-Jensen H., Rasmussen J., Rasmussen J., Soegaard K. and
EFIKSEIL J. .ot 830
Use of species number, Shannon index and Sorensen index for the evaluation of
biodiversity in different types of pasture

Pornaro C., Munari N. and Ziliotto U. ............cccccooeiimiiioiiiiieeeeeeee e 833
Influence of afforestation on forage value and plant diversity in the Mediterranean
Susan F., Pornaro C., Migliorini S. and Ziliotto U. ...............cccccoevveveevieeeceaniiiaienn, 836

Changes in biodiversity composition and soil nutrient content with management in
a Pyrenean grassland community

Ribas A., Llurba R., Ventura D., Hodge A. and Sebastia M.-T. ............cccccccovcevcvierain. 839
Effects of arbuscular mycorrhizal symbiosis on growth and N fixation of Trifolium
alexandrinum under late drought stress conditions

Saia S., Ruisi P., Amato G. and Giambalvo D. ....................ccccoceooeveiiiiiiiiiiiieeiieeeee 842
Plant functional trait expression in the Rengen Grassland Experiment

Schellberg J., Briine K. and Hejcman M. ...............cccccccceviiiiiiienieiiiieieeieeese e, 845
Long-term effects of large-scale, moderate grazing on the vegetation of a river valley

Schrautzer J., Jensen K., Breuer V. and Breuer M. ..............c.cccccocoevcinicninioiiicncn, 848
Assessing the environmental qualities of permanent grassland

Hasund K.P., Holgersson T., Norell B. and Stahlberg D. ..............cccccoecvvviecencviciinannns 851
Roots and earthworms under grass, clover and a grass-clover mixture

van Eekeren N., Bokhorst J. and Brussaard L. ...............cccccocevevceevieveniiiiaeniiienen, 854

Grassland in a Changing World XXI



BCarbon allocated to the leaf growth zone of Poa pratensis reflects soil water and
vapour pressure deficit
Auerswald K., Landinger C., Wittmer M. and Schnyder H. ............c..cccccccevvniiciannnn.. 857
Influence of drought stress and fertilisation on carbon isotopes as indicators of water
use of grassland differing in diversity
Wrage N., Gauckler L., Steep E., Kiichenmeister F., Kiichenmeister K. and
ISSCISICIN J. ..o 860

Session 5. Pastoral/Grazing Systems

Invited papers
Producing milk from grazing to reconcile economic and environmental performances
Peyraud J.L., Van den Pol-van Dasselaar A., Dillon P. and Delaby L. ....................... 865
Environmental impacts of grazed pastures
Eriksen J., Ledgard S., Luo J., Schils R. and Rasmussen J. ............ccccccoecvcvvvencencrannns 880

Session 5.1 Pasture management and production
Oral presentations
Utilisation of cut and grazed fields is linked to their geographical characteristics in
mountainous bovine systems

Garcia-Launay F., Sibra C., Molénat H., Agabriel C. and Brunschwig G. .................. 892
Grazing behaviour and intake of two Holstein cow types in a pasture-based
production system

Schori F. and MEiNnger A. .............ccccooiiiiiiiiiiiiiieiieieeeet e 895
Comparison of methods to quantify bite rate in calves grazing winter oats with different
structures

Nadin L.B., Sanchez Chopa F., Trindade J K., Amaral G., Milano G.D.,

Moreno L.S. and Gonda H.L. ..............c.ccccccuvciiiniiiiiiiiiiiiieceeee e 898
Increasing concentrate levels during the grazing season — effects on yield and behaviour
of dairy cows

Alvasen K. and Sporndly E. ...............cccciiiiiiiiiiiiiiiiiiiiiet e 901
The effect of sward Lolium perenne content and defoliation method on seasonal and
total dry matter production

Creighton P., Kennedy E., Gilliland T., Boland T.M. and O ’Donovan M. ................... 904
The effect of organic management strategies on dairy production in clover-based
grassland

Keogh B., Humphreys J., Phelan P., Necpalova M., Casey I.A. and Fitzgerald E. ...... 907
Feeding behaviour of sheep on shrubs (Cytisus scoparius L.) in response to contrasting
herbaceous cover

Pontes L. da S., Magda D., Agreil C. and Gleizes B. ...........cccccoceicieoeiieniieniiiiienns 910

Poster presentations
Modelling the dynamics of biomass production and herbage quality of grasslands
according to functional groups composition

Baumont R., Andueza D., Vuattoux J., Picard F. and Michaud A. ..........c.cc...coce....... 913
The quest for persistent green in outdoor chicken runs — an investigation on fourteen
grassland species

Breitsameter L., Wrage N. and ISSEISIEin J. .............cccoceviiiiiiiavieniiieieieseeiesieiee s 916

XXII Grassland Science in Europe, Vol. 15



Dietary selection of heifers in natural grasslands: effect of time of day and
phenological stage

Carvalho P.C.F., Bremm C., Gibb M.J., Perez N., Fonseca L. and Amaral G.A. ........ 919
Intake choices of cattle and sheep grazing alone or together on grass swards differing
in plant species diversity

Cuchillo HM. and ISSelStein J. ...............ccccoceviiiiiiniiiiiiiiiiiiiieete e 922
Relationship between herbaceous productivity and species richness in grazed areas
on La Palma (Canary Islands)

de Nascimento L., Bermejo L.A., Saro L., Fernandez-Lugo S. and Mata J. .................. 925
Are high genetic merit dairy cows compatible with low input grazing systems?

Delaby L., Horan B., O’Donovan M., Gallard Y. and Peyraud J.L. ..................c.......... 928
Daily pattern of feeding activities of dairy cows in an 8-d rotational grazing system

Delagarde R., Peyraud J.L. and Wade M.H. ...............ccccccoccoeoiiiiiniiniiiiiiiice. 931

Tillering dynamics in Brachiaria decumbens pastures under continuous stocking

Santos M.E.R., Fonseca D.M., Nascimento Junior D., Gomide C.A.M.,

Gomes V.M. and SBFISSIQ A.F. .........cccccoeveveeiiiiaieiiieeeeee e 934
Selective grazing, patch stability and vegetation dynamics in a rotationally-grazed pasture

Dumont B., Carreére P., Rossignol N., Chadoeuf J., Farruggia A., Ginane C. and

LOUGUIE F. ..ot 937
Balance between production and biodiversity in two upland dairy grazing systems

Farruggia A., Pomies D., Bethier A., Troquier O., Le Bec G., Paccard P.,

Baumont B. and Pradel P. ..................cccccccooooiieiiiiiiiiiiieie e 940
Long term performance of an artificial pasture vegetation under Mediterranean
conditions in Turkey

Geren H., Avcioglu R., Soya H., Kir B., Demiroglu G. and Kavut Y.T. ........................ 943
The effect of nitrogen on yield and composition of grass clover swards at three sites in
Ireland: a comparison of six commonly grown species

Gilliland T.J., Farrell A.D., McGilloway D. and Grogan D. ..............c.cccccccccvvcvicrannn.. 946
Evaluation of leaf tensile strength of selected grass genotypes
Golinski P., Golitiska B. and ZajQe M. ..............c..ccooceioievieieiieieieieeese e 949

Performance of Lolium perenne with Trifolium repens, and spontaneous grasses with
Trifolium repens, in Azores

GOMES A. .o 952
Comparison of methods for estimating forage mass in grazing systems of the south
Brazilian Pampas

Griin A., Gierus M., Carvalho P.F.C., Pinto C. E. and Brambilla D. .......................... 955
Post-grazing height and productivity of white clover-based systems of dairy production

Humphreys J., Keogh B., Phelan P. and Casey I.A. ..............ccccccoiiivinciinnincann. 958
Growth and quality of multispecies pastures harvested at a fixed sward height

JONANSEI A. .o 961

The use of grazing in intensive dairy production and assessment of farmers’ attitude
towards grazing
Kristensen T., Madsen M.L. and NOE E. ............cooooeeeemeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeea 964
Herbage productivity and quality of mountain grassland under different forage
management systems

Leto J., Bosnjak K., Perculija G., Kutnjak H. and Vrani¢ M. ..............cccccoevvvencvienannn. 967
The effect of pasture herbage mass on dairy cow ruminal pH
Lewis E., Coughlan F., O’Donovan M. and Wims C. ..........cccccoouvcimveevenieiiaieneiranins 970

Grassland in a Changing World XXIT



Patterns of sward height reduction in a tropical pasture grazed by dairy cows
Mezzalira J.C., Carvalho P.C.F, Amaral M.F., Bremm C., Da Trindade J.K.,

Gongalves E.N., Martins R. S. and Genro T.C.M. ...........c..cccoooeeeeeieeieeeeeeeeeeee. 973
Beef fattening on grazed leys: interest of tall fescue
Mosimann E., Schmied R. and TROMEL P. .............cc.cccceviiiiiiiianiiiiaieieeeeeeienie e 976

The effects of the nitrification inhibitor dicyandiamide (DCD) on herbage production
when applied at different times and rates in the autumn and spring

O’Connor P.J., Hennessy D., O’Donovan M. and Lynch B. ..............cccccccevevcvicrannnne. 979
Substitution rate and milk response to maize silage supplementation of dairy cows
grazing low-mass pastures

Pérez-Prieto L.A., Peyraud J.L. and Delagarde R. ..................cccccccoovioiieneiiiiininennn. 982
Impacts of autumn cutting height and interval on annual productivity of a white
clover-grass sward.

Phelan P., Keogh B., Casey I.A., Fitzgerald E. and Humphreys J. ............c.ccccccuenn... 985
Productivity and floristic diversity of a continuous grazing system on short swards in
mountainous regions of Austria

Poetsch E.M., Resch R., Haeusler J. and Steinwidder A. ...............cccccccoceenvinincnnnn. 988
Voluntary intake of forages from permanent grasslands with different quality in
suckler cows

Pozdisek J., Latal O. and S't)ﬁbnarovd Moo, 991
Effect of two pre-grazing herbage masses and daily herbage allowances on perennial
ryegrass sward characteristics

Roca-Fernandez A.1., O’Donovan M., Curran J. and Gonzdlez-Rodriguez A. ............ 994
Effect of entry time to a daily strip on daily weight gain and nitrogen balance
Sdnchez Chopa F., Nadin L.B., Trindade J.K., Amaral G. and Gonda H.L. ................ 997

Suitability of grass species on equine pasture: water soluble carbohydrates and grass
preferences by horses

Sdrkijarvi S., Niemeldinen O., Sormunen-Cristian R. and Saastamoinen M. ............. 1000
Potassium effect on pasture yield and its composition in management of an old
permanent pasture

Sarunaite L. and Kadziuliene Z. .................c..cccoccvovveeiieeeiiiaiiiiieciieeeeeeee e 1003
Morphological characteristics and tiller population density of aruana guineagrass
subjected to frequencies and severities of grazing by sheep

Zanini G.D., Santos G.T., Padilha D.A., Cizinande S., Silva D., Borges J.A.S.,

Silva M.C., Freitas R.C., Arruda J.C.A., Almeida G., Nascimento-Junior D.,

Da Silva §.C. and SHriSSia A.F. ..........cccccoovviiiiiiiieiieee e 1006
Continuous grazing in comparison to cutting management on an organic meadow in the
eastern Alps

Starz W., Steinwidder W., Pfister R. and Rohrer H. ............c.cccoouevvevvevenceaciaenranann 1009
Changing towards a seasonal low-input pastoral dairy production system in
mountainous regions of Austria — results from pilot farms during reorganisation

Steinwidder A., Starz W., Podstatzky L., Kirner L., Pétsch E.M., Pfister R. and M.

GAIINDGCK ... 1012
Impact of grazing intensity on performance of sheep in the Inner Mongolian steppe,

China
Miiller K., Lin L., Glindemann T., Wang C., Schiborra A., Schénbach P.,

Wan HW., Tas B.M., Dickhdfer U., Gierus M., Taube F. and Susenbeth A. .............. 1015
Efficiency of Swiss and New Zealand dairy breeds under grazing conditions on Swiss
dairy farms

Thomet P., Piccand V., Schori F., Troxler J., Wanner M. and Kunz P. ...................... 1018

XXIV Grassland Science in Europe, Vol. 15



Dry matter production of perennial ryegrass swards following poaching damage on
a free-draining brown earth soil
Tufion G., O’Donovan M., Hennessy D., Kemp P., Lopez Villalobos N. and
KeNnedy E. ........ccoccoiiiiiiiiiiiiiiiet et 1021
The grazing selectivity of Konik horses on grasslands located in Biebrza National Park
Chodkiewicz A. and SEYPIRSKL P. .........ccoccveviiiiiiiiii et 1024

Session 5.2 Environmental benefits and risks
Oral presentations
The contribution of grass and clover root turnover to N leaching
Rasmussen J., Helgadottir A, F rankow-Lindberg B., Loges R., and Eriksen J. ........ 1028
Winter grazing of grass-clover swards grown as green manure under the maritime
climatic conditions of Northern Germany
Loges R., Westphal D. and TAube F. ..............ccccovcviciiiieiiiiiaieieeieieeseeieesie e 1031
Nitrogen excretions in dairy cows on a rotational grazing system: effects of
fertilization type, days in the paddock and time period

Dufrasne L., Robaye V., Istasse L. and Hornick J.-L. ...........ccccoooevcvivievininieienninnn. 1034
Poster presentations
Water quality and the environmental use of livestock ponds

Canals R.M., Ferrer V., San Emeterio L., Iriarte A. and Villanueva E. ..................... 1037
Residual effects of cutting and grazing on grass-clover growth

Eriksen, J., Soegaard K. and Askegaard M. ................ccccoovavmvmnieeceeieiiiieieniannnn, 1040

How does stocking rate influence biodiversity in a hill-range pasture continuously
grazed by horses?

Fleurance G., Dumont B. and Farruggia A. ............c.ccccoeciiiiavienesiiieeiesieess s 1043
Silage maize in crop rotations with different grass mixtures — N balances and N leaching

Kalmlage T., Kayser M. and ISSEISEin J. ............ccccocviveviiiiiiieiiiieieese e 1046
Soil nitrogen, phosphorus and potassium contents on a dairy cattle pasture

Kryszak J. and Musial M. ...............ccccooouevmiiiieieiese et 1049

Shortcut strategies to improve plant species richness after years of intensive management
in moist grassland

Nielsen A.L. and Hald A.B. .............c.ccccccccciiiiiiiiiiiiiiiiiiet e 1052
Cattle grazing on Swedish semi-natural pastures — how behaviour effects nutrient
transport in the grazing area

Pelve MLE., Glimskéir A. and Sporndly E. ...........ccccccoveviiiianeiieieieciieeeieeie e, 1055
Nitrogen and potassium leaching from grassland soil depending on applied fertilizer
type and rate and sward botanical composition

Raave H., Kauer K., Noormets M., Selge A. and Viiralt R. ..........c..ccooovvcvvcievvnrannn. 1058
Behaviour of two cow genotypes within a low input grazing system and a high input
total confinement system

Roca-Fernandez A.L, Ferris C.P., Vance E.R. and Gonzdlez-Rodriguez A. .............. 1061
Effect of Scottish Highland cattle grazing on plant communities with
Phalaris arundinacea

Rogalski M. and Plawska-Olejniczak J. ...............cc.cocvioiiiiiocieiiiiiieeeeee, 1064
Nitrogen balances for three strains of dairy cows and contrasting intensive grassland
systems

Ryan W., Hennessy D., Boland T. and Shalloo L. ................ccccoovevveceviniicianiirann, 1067

Grassland in a Changing World XXV



Flows of nitrogen and phosphorus on large dairy farms with different grazing
systems — a model study
Salomon E., Sporndly E., Sundberg M. and Wahlund L. ..............c..ccocoovvvcvecinnannn.. 1070

Addendum
Session 4.1
Concepts for nutrient management in nature conservation areas on organic soils
Miiller J., Kayser M. and Belting H. ................ccccoccuiciiiiaiiiiiiieieeeeeeiesie et 1075

INdeX Of AULROTS........ccoooiiiic e 1079

XXVI Grassland Science in Europe, Vol. 15



Session 1

Grassland and global change

Grassland in a Changing World 1



Grassland Science in Europe, Vol. 15



C3/C4 grasslands and climate change

Lattanzi F.A.

Lehrstuhl fiir Griinlandlehre, Technische Universitdt Miinchen, Am Hochanger 1 D-85350
Freising-Weihenstephan, Germany.

Corresponding author: lattanzi@wzw.tum.de

Abstract

Species with the C3 and C4 modes of photosynthesis coexist in grasslands of North and South
America, Central Asia, South Africa, Australia and New Zealand. In these ecosystems, the
balance between C3 and C4 vegetation affects many functional aspects, including total and
seasonal primary productivity and water use, the digestibility of herbage available to grazing
animals, and the decomposability of litter and roots. Therefore, changes in the C3/C4 balance
strongly influence the biogeochemistry and agronomic performance of these ecosystems, with
potential impacts on animal productivity, carbon storage and nitrogen cycling. This review
first presents the primary difference between the C3 and C4 photosynthetic pathways, and its
consequences for plant carbon, water and nitrogen economies. Then, it explores how these
physiological differences would influence the response of the C3/C4 balance to elevated CO,
and global warming. Finally, expected responses are contrasted to the available evidence
(from present-day and past-climate/vegetation studies, from analysis of recent regional
changes, and from manipulative experiments) to verify their actual role in observed C3/C4
responses, and to identify gaps in our understanding of the mechanisms controlling the C3/C4
balance of grasslands.

Keywords: natural grasslands, elevated CO,, global warming, ecophysiological mechanisms,
light use efficiency, maximum quantum yield, water use efficiency, nitrogen use efficiency

Abbreviations: CO; partial pressure (pCO,), Phospho-enol-pyruvate carboxylase (PEPCase),
photosynthetic water use efficiency (PWUE), photosynthetic nitrogen use efficiency (PNUE),
light-saturated photosynthetic rate (Ag), free-air CO; enrichment (FACE)

Introduction

A unique difference between the C3 and C4 modes of photosynthesis determines contrasting
photosynthetic responses to CO, and temperature in C3 vs. C4 plants, which in turn have
consequences for plant’s light, water and nitrogen use efficiencies, and for the digestibility
and decomposability of plant biomass. As a result, the balance between C3 and C4 vegetation
is believed to be potentially very responsive to climate change, and ecosystem function,
potentially very responsive to changes in the C3/C4 balance.

Major C3/C4 ecosystems include savannas, in which a more or less dense population of C3
trees co-occur with a largely C4 herbaceous stratum, and grasslands, in which C3 grasses and
forbs co-occur with C4 herbaceous plants, mostly grasses (Sage ef al., 1999). C3/C4 savannas
occur in relatively hot, humid or subhumid climates (e.g. Brazilian cerrado, Argentinean
chaco, tropical savannas in Africa and Northern Australia). C3/C4 grasslands occur either in
temperate or subtropical climates with humid to subhumid conditions (e.g. prairies of North
America, pampas and campos of South America, grassvelds of South Africa). A C4
component can also be present in grasslands of cooler and drier climates (e.g. prairies of
North America, Mongolian steppe). Thus, even though the C4 flora comprises a relatively
small number of species, mostly in the Poaceae, C3/C4 ecosystems include a substantial part
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of global vegetation, and account for a relevant portion of its primary productivity (Lloyd and
Farquhar, 1994).

Almost all C3/C4 grasslands and savannas operate as agroecosystems, supporting variable
populations of grazing animals, typically sheep and/or cattle herds, managed rather
extensively. Therefore, a better understanding of the mechanisms controlling C3/C4
interactions is important for the design and management of agroecosystems able to provide a
seasonally stable supply of quality forage, and efficient at recycling nitrogen and storing
carbon. Such agroecosystems exert a substantial influence on global biogeochemical cycles
(Lloyd et al., 1994), particularly in regard to the coupling of carbon and nitrogen cycles.
Further, a better understanding of the controls of the C3/C4 balance in grasslands would
improve our knowledge on the ecophysiological basis of species coexistence (Anten and
Hirose, 2003), and hence of the controls of (functional) biodiversity. Moreover, because of the
variable isotopic composition of CO, exchanged by mixed C3/C4 vegetation, a better
understanding of the controls of the C3/C4 balance in grasslands will also contribute to a
more accurate estimation of the isotopic signature of carbon fluxes required to constrain the
partition of global carbon fluxes into terrestrial vs. oceanic components (Lloyd et al., 1994;
Randerson et al., 2002).

This review focuses on C3/C4 grasslands, because this allows a more straightforward analysis
of the influence of photosynthetic mode on the interaction between plants of similar
morphology. Climate-change effects on C3 tree-C4 grass interactions have been reviewed
elsewhere (e.g. Polley et al., 1997; Scheiter and Higgins, 2009). Here, the intrinsic difference
between the C3 and C4 photosynthetic modes is first presented, and its consequences for
plants’ carbon, water and nitrogen economies are described. Then, how such physiological
differences could influence the balance between C3 and C4 species in response to increased
levels of CO, and temperature is explored. Finally, expected responses are contrasted with
available evidence (from present-day and past-climate/vegetation studies, from analysis of
recent regional changes, and from controlled experiments) to verify their actual role in
observed C3/C4 changes, and to identify gaps in our understanding of the mechanisms
controlling the C3/C4 balance of grasslands.

Primary differences between C3 and C4 species: photosynthetic responses to
temperature and CO; partial pressure

The essential difference between the C3 and C4 modes of photosynthesis is that CO, partial
pressure (pCO,) at the site of Rubisco is 5 to 10 times higher in C4 than in C3 photosynthesis.
This effectively prevents photorespiration by suppressing O, competition, and also saturates
Rubisco carboxylase activity. Since photorespiration is a temperature- and CO,-dependent
process (Brooks and Farquhar, 1985), photosynthesis is higher in C4 than C3 plants at high
temperature and low pCO,.

C4 plants accomplish this via (i) a biochemical CO,-pump that involves Phospho-enol-
piruvate carboxylase (PEPCase), an enzyme with high affinity for CO, and no oxygenase
function located in the mesophyll, and (i7) by concentrating Rubisco in bundle-sheath cells
(Kranz anatomy; Hatch, 1987). Thus, PEPCase fixes CO, in mesophyll cells producing a
four-carbon acid (hence the name). Fixed carbon is then translocated to bundle-sheath cells as
malate or aspartate, where it is decarboxylated and the resulting CO, assimilated by Rubisco.
Bundle-sheath cells have a low conductance for CO, diffusivity in C4 leaves. The reason is
unclear, and may involve engrossed cell walls and/or lower membrane permeability to CO,
(von Caemmerer and Furbank, 2003).

Pumping CO; is costly: each pumped molecule of CO, requires 2 ATP, produced by
photophosphorilation at a rate of ~ 8 photons per ATP (Furbank ef al., 1990). The total cost of
CO, pumping per unit fixed CO; is further increased by the fact that some of the pumped CO,
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leaks back to mesophyll cells (Farquhar, 1983). Therefore, maximum quantum yield (moles of
CO, fixed per mol of absorbed quanta at very low irradiance) is greater in C4 than C3 plants
at high temperature or low intercellular pCO,, when photorespiration more than offsets ATP
consumption by the C4 pump. But the opposite becomes true at low temperature or high
intercellular pCO; (Ehleringer and Pearcy, 1983).

The same interaction between photosynthetic mode and temperature is observed at high
irradiances. This is because at high temperature light-saturated photosynthetic rate (Ag,) is
higher in C4 than C3 plants due to the photorespiratory load in C3 photosynthesis, and to C3
photosynthesis being progressively CO,-limited at increasing irradiance. Both these effects
are avoided in C4 plants because Rubisco operates at (near) saturating levels of CO,. At low
temperature, Rubisco levels increase in C3 plants and help maintain Ay, high. In C4 plants
Asat decreases dramatically at low temperature, apparently because of a physical limit to the
ability of C4 leaves to increase Rubisco imposed by bundle-sheath cell space (Sage and
Kubien, 2007), which leads to higher leakiness (Kubasek et al., 2007).

Secondary differences between C3 and C4 species: nitrogen and water use efficiency

The photosynthetic use efficiency of nitrogen (PNUE) is often higher in C4 plants; that is,
more CO; is assimilated per unit leaf nitrogen. This is because Rubisco, which accounts for a
substantial part of leaf nitrogen, is fully engaged in CO, assimilation (as opposed to
photorespiration) and operates (nearly) saturated by CO, (Bolton and Brown, 1980; Sage and
Pearcy, 1987b). Moreover, the particular (Kranz) anatomy associated with the C4 syndrome
implies that C4 leaves not only have less Rubisco (Ku, Schmitt and Edwards, 1979; Sage et
al., 1987) but also more lignified tissue (Dengler ef al., 1994). This is reflected in an
inherently lower nitrogen concentration in C4 than C3 plants (Greenwood et al., 1990),
although Taylor ef al. (2010) have argued this may be more related to phylogeny than to an
inherent C3 vs. C4 difference.

The C4 mode of photosynthesis also has indirect consequences for the use of water. The lack
of oxygenase function and high affinity of PEPCase for CO, determines that C4
photosynthesis saturates at intercellular pCO, as low as 150 pbar. As a result, low stomatal
conductance, and thus low transpiration rates, do not affect C4 photosynthetic rate
(Ghannoum, 2009). Consequently, photosynthetic use efficiency of water (PWUE) is often
higher in C4 plants, that is, more carbon is fixed per unit transpired water (Ghannoum, 2009;
Taylor et al., 2010). Lower transpiration rates can lead to increases in leaf temperature
(Ghannoum et al., 2000), further improving the performance of C4 relative to C3
photosynthesis.

Comparative studies routinely report higher PNUE and PWUE in C4 plants (e.g. Taylor et al.,
2010 and references therein). However, it is important to note that, first, such advantages are
less, and eventually disappear, under severe stress (e.g. nitrogen: Sage and Pearcy, 1987a;
water: Ghannoum, 2009), perhaps due to increased CO, leakage (Buchmann et al., 1996;
Meinzer and Zhu, 1998). Second, at low temperature PNUE and PWUE become lower than in
C3 plants because the lesser nitrogen content and stomatal conductance of C4 plants do not
compensate for their low photosynthesis rates (Schmitt and Edwards, 1981; Christie and
Detling, 1982; Long, 1983; Sage et al., 1987; von Caemmerer et al., 2001). And third,
saturating CO; increases both PNUE and PWUE in C3 plants (Wand et al., 1999),
diminishing (even offsetting) the advantage of C4 plants. Therefore, the actual relevance of
secondary differences as determinants of the C3/C4 balance depends, perhaps largely, on the
primary difference between C3 and C4 plants in the response of carbon assimilation to
temperature and CO,.

Quantum yield, PNUE and PWUE all measure the efficiency with which a resource is used
during carbon assimilation. Of course, these are not the only mechanisms determining the
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outcome of competition; the ability for resource acquisition is also important. Whether having
the C3 or C4 mode of photosynthesis has specific consequences for plant morphogenesis and
architecture that, in turn, affect the ability to capture light, nitrogen or water has been little
studied, although improved PNUE has been suggested to allow C4 plants to develop a higher
leaf area index in fertile sites and to partition more carbon towards roots in nitrogen-limited
situations (Wedin and Tilman, 1996; Long, 1999). An isolated but revealing study by Werger
et al. (2002) showed that excluding grazing from a C3/C4 grassland induced a change in
species (tall grasses replaced short ones), but all stages of the succession were dominated by
C4s —from the short Zoysia japonica, to the intermediate Brachypodium sylvaticum to the tall
Miscanthus sinensis. Thus, at least in this subtropical site, any constraints on above-ground
architecture causing species replacement were not C3- or C4-specific. Other outcomes may be
the case when grass/forbs interactions are involved: because of the relatively minor number of
C4 dicots, most forbs are in fact C3 species, and therefore factors influencing the forbs/grass
composition of grasslands may also indirectly affect their C3/C4 balance.

Putative mechanisms controlling the response to climate change of the C3/C4 balance:
comparison against the available evidence

The two major trends associated with climate change, elevated CO, and global warming, have
opposite effects on the quantum yield of C3 and C4 photosynthesis. Elevated CO, improves
little photosynthesis in most C4 plants, but leads to higher quantum yield in C3 plants.
Conversely, warming decreases the quantum yield of C3 plants. Ehleringer (1978) proposed
that temperature plays a major role in determining the C3/C4 balance of grasslands because it
affects light use efficiency in C3 species but not in C4 species. This hypothesis, hereafter the
quantum yield hypothesis, is explicit in Ehleringer et al. (1997) and Collatz et al. (1998), who
estimated the temperature at which the extra quanta required by C4 photosynthesis equals
photorespiratory costs for a range of atmospheric pCO,. Thus, scenarios below such cross-
over temperature are expected to be dominated by C3 species, and those above, by C4
species.

The photosynthetic responses behind the quantum yield hypothesis form the ecophysiological
basis of the expected response of the C3/C4 balance to increased CO, and temperature (e.g.
Long, 1999; Sage et al., 1999; Wand et al., 1999). Still et al. (2003) further extended it,
arguing that the same interaction observed in quantum yield also occurs under light-saturated
conditions: elevated CO; increases Ag, much more in C3 plants than in C4 plants, and higher
temperature increases Ag more on C4 than in C3 plants (Ag,r response to high temperature in
C3 plants depends on the magnitude of CO,-difusion limitation (Sage et al., 2007)). Implicit
in this view is that carbon gain is the main determinant of competitive outcome, which, of
course, is a simplification of reality. But, as in the use of optimization theory in canopy
models, it can be a null hypothesis to analyse the adaptive significance of photosynthesis-
related characteristics of plants (Anten, 2005).

There has been considerable discussion about the actual value of cross-over temperatures.
Although knowing the exact number may be of limited relevance for the interpretation of
changes in the C3/C4 balance at regional or global scale, it is important to note that, actually,
it is pCO; at the Rubisco site and leaf temperature, averaged over daytime hours of highest
photosynthetic rates, that determine plant carbon assimilation. These quantities, often difficult
to estimate, usually do not vary in the same magnitude than available proxies, typically
atmospheric pCO, and mean air temperature. In what follows, the predictions of the quantum
yield hypothesis are contrasted against available evidence from present-day and past-
climate/vegetation relationships, from recorded modern (i.e. last 50 years) changes in C3/C4
balance of grassland ecosystems, and from results of elevated CO, manipulative experiments.
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Present-day climate/vegetation relationships

Variation in the C3/C4 balance of grasslands is often associated with some measure of
temperature, which is typically taken as evidence of an overriding importance of the
photosynthetic response to temperature (e.g. Long, 1999; Sage et al., 1999). It also supports
the idea of a seasonal niche separation for C3 and C4 species (Kemp and Williams, 1980),
although strict separations seem rare (Turner and Knapp, 1996). Modelisation of the quantum
yield hypothesis have shown a reasonably good agreement between predicted and observed
latitudinal, altitudinal and seasonal patterns of present-day ‘pure C3’, ‘mixed C3/C4’ and
‘pure C4’ vegetation (Ehleringer et al., 1997; Collatz et al., 1998; Still et al., 2003), lending
support to the view that the interaction photosynthetic mode x temperature in carbon gain is a
major determinant of the C3/C4 balance.

Exactly how good is ‘reasonably good’ has not been rigorously tested (Winslow et al., 2003).
In fact, the primary control of temperature and CO, is challenged by several authors, who
usually claim a larger role for soil moisture in controlling the C3/C4 balance. Indeed, aridity
is highly correlated with C4 abundance (Sage et al., 1999 and references therein). However, it
seems to act as a secondary control: C4 plants dominate grasslands in hot climates, either arid
or humid, and the opposite is true in cold climates. However, in temperate climates, aridity
does seem to help C4 vegetation to persist at temperatures that would otherwise have led to
C3 dominance (Sage et al., 1999; Cabido et al., 2008). Why this is so is not completely clear.
A cause put forward often is their higher PWUE. Another reason may be indirect effects on
leaf temperature. Stomatal conductance is lower in arid than in humid environments, and
irradiance and thermal amplitude, often higher, due to low cloudiness. This leads to higher
daytime leaf temperatures (Ghannoum et al., 2000), and could thus explain part of the effect
of aridity on the C3/C4 balance. Cabido et al. (2008) suggested phylogenetic effects may also
be involved.

A convincing case for the role of precipitation in controlling the C3/C4 balance was made by
Winslow et al. (2003), who proposed that an inherent difference between C3 and C4 growing
seasons is modulated by soil available water, and showed that, under such an assumption, the
distribution of present-day C3/C4 biomass is closely related to the seasonality of rain. This is
intuitively sound, since summer precipitation would favour the growth of C4 vegetation and
thus increase its relative contribution to standing biomass and annual productivity. However,
it can still be argued that it is temperature, not rain, which primarily determines the length and
timing of C3 and C4 growing seasons. This contrast clearly shows the importance of
distinguishing the time scale in discussing the factors controlling the C3/C4 balance of
grasslands. Annual averages are always weighed by seasonal productivity and would thus be
influenced by the seasonality of precipitation (or, for that matter, irradiance), while more
instantaneous (i.e. monthly) averages would reflect more the temperature effect. An
integrative model —conceptual or explicit— to interpret annual values would include a
temperature function predicting the instantaneous C3/C4 balance, modulated by precipitation.

Past climate/vegetation relationships

A primary role for temperature and CO; in determining the C3/C4 balance has also been
argued in analyses of past climates. C4 vegetation underwent an abrupt expansion 6 to 8
million years ago, first in tropical climates and then in more temperate areas. Cerling et al.
(1997) documented in detail this change in the diet of herbivores of Asia, Africa and North
and South America, and associated such widespread process with atmospheric pCO,
decreasing below 400 - 600 pbar, arguing that a progressive CO,-starvation of C3 plants
would also explain why the transition from C3 to C4 diet occurred first in hot climates (higher
cross-over temperature).

Grassland in a Changing World 7



This interpretation, consistent with the quantum yield hypothesis, is not, however, universally
accepted. First, it is disputed that atmospheric pCO, decreased during the expansion of C4
vegetation observed by Cerling et al. (1997) (Pagani et al., 1999), since it seems it occurred
much earlier (Pagani et al., 2005). Second, it is claimed that such expansion was a transition
from C3-forests to C4-savanna/grasslands ecosystems, driven by aspects regulating tree/grass
interactions. Thus, in a phylogenetic analysis, Edwards and Smith (2010) propose that rain
levels decreased below a threshold required to support rainforests, leading to the development
of more open (well-lit, less shaded) canopies. In turn, Beerling and Osborne (2006) point out
an increase in charcoal in sediments of more or less the same age as the C4 expansion, and
suggest a feedback mechanism by which fires fuelled by accumulating C4 dead biomass
enhanced the opening process. Thus, in a sense, Cerling et al. (1997) propose that grasslands
expanded because they included C4 species, while Edwards er al. (2010), and to a lesser
extent Beerling et al. (2006), suggest that C4 vegetation expanded because grasslands
expanded.

While low-precipitation-plus-fire, rather than CO, starvation, may indeed be the main cause
of decreasing C3 forests, this does not explain why C4 rather than C3 grasses dominated the
expanding grasslands and savannas. Temperature and pCO, would still be the main
determinants of the C3/C4 balance of these emerging ecosystems. Of course, both factors
could have interacted: aridity would affect more and more quickly carbon-starved trees,
because, for instance, their root mass ratio would have been lower, and their ability to reduce
transpiration, limited by low pCO,. An interesting question arise from these considerations: is
low pCO, more detrimental for the growth of C3-grasses than C3-trees?

A major role for temperature and CO; in determining the C3/C4 balance is supported by
analyses of more recent changes in Earth’s climate. Atmospheric pCO; has oscillated over the
last half-a-million years, from 180 — 210 ubar minima at glacial maxima to 280 — 300 pbar
during warmer interglacial periods. Modelling changes in C3/C4 vegetation following the last
glacial maximum 15000 years ago for two sites that showed contrasting trends (increasing C3
forests in intertropical Africa vs. increasing C4 grasses in the steppes of central China), Flores
et al. (2009) concluded that the C3/C4 balance was primarily sensitive to temperature and
atmospheric pCO, and thus support the quantum yield hypothesis. Boom et al. (2002) went a
step further and used the model behind the quantum yield hypothesis to actually infer past
CO, atmospheric pressure from C3/C4 data in Andean grasslands. This is a particularly
interesting site because the lack of trees prevents confounding effects derived from tree/grass
interactions.

C3/C4 changes modern grasslands

Atmospheric pCO; has risen steadily from ca. 280 pbar in pre-industrial times (~1830) to ca.
390 pbar today. This change is substantial enough as to make an impact on C3 vs. C4 growth,
even if temperatures increased as much as 4 °C to 5 °C. In fact, temperature increases over the
past century have been of lesser magnitude, and with a more restricted, regional scale.
Similarly, precipitation changes differed in magnitude (and even direction) depending on the
region. As a result, over the last hundred years or so, C3/C4 ecosystems experienced a
uniform increase in CO, availability but may have been exposed to distinct changes in
temperature and precipitation. In spite of this apparently rich experimental material, few
studies have analysed the recent evolution of the C3/C4 balance in modern grasslands.

This may be related to the fact that grasslands are poor at archiving, as compared for instance
to forests. Comparing past C3/C4 composition of the Mongolian steppe inferred from soil
organic carbon vs. present-day composition inferred from sheep hair (i.e. diet), Wittmer et al.
(2010) found that specific areas of this region have become more rich in C4 vegetation. They
ruled out potential effects of grazing and precipitation on this response, and concluded that it
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was triggered by increases in summer temperature that overrode the advantage given to C3
plants by elevated CO,. Such a response, they argue, agrees with predictions from models
based on the quantum yield hypothesis.

Manipulative experiments

Atmospheric pCO; is predicted to increase continuously to reach ~ 600 pbar at the end of the
present century. Experiments carried out in controlled environments indicate that such
elevated level of CO, would favour plant growth more in C3 than C4 species, although the
magnitude of the response is less than that predicted from leaf photosynthesis, and it is
heavily modulated by nitrogen and water availability (Poorter, 1993; Wand et al., 1999).
Analysis of C3/C4 competition in mixed stands (well watered and fertilized) supports the
view that the C3 component will increase under elevated CO, (Poorter and Navas, 2003). For
instance, exposing turves of a New Zealand C3/C4 community in a growth room to a pCO, of
700 pbar for almost a year promoted a large increase of a C3 legume at the expense of the
contribution of the dominant C3 grass and of Paspalum dilatatum, the only C4 grass (Newton
et al., 1995). Water stress, however, reduced the magnitude of this response (Clark et al. ,
1999).

A few natural C3/C4 communities have been exposed to elevated CO,, for a number of years,
using either field chambers or free-air CO, enrichment (FACE) set ups. Some of these studies
would support the quantum yield hypothesis, but others would not. Thus, the aforementioned
decline in P. dilatatum in New Zealand was apparent (albeit less marked) in a FACE
experiment set up on essentially the same community (Newton ef al., unpublished). Further,
in the North American Great Plains, elevated CO, accelerated the replacement of
Bothriochloa ischaemum, a short C4 grass by several tall C3 forbs after exclusion of grazing
in a humid site (range 200 to 560 pbar; Polley et al., 2003). Likewise, in a semiarid shortgrass
steppe, it increased the contribution of Stipa comata, a C3 grass, and of a C3 shrub (720 pbar;
Morgan et al., 2004a; 2007). But, on the contrary, elevated CO, decreased the presence of
Poa pratensis, a C3 grass, in a C4-dominated humid tallgrass prairie (Owensby et al., 1993),
and enhanced more C4 than C3 growth in an Australian FACE experiment (Hovenden ef al.,
unpublished).

The reason for such a diversity of responses is not clear. In some cases, the expected increase
in C3 photosynthesis was only transient (e.g. von Caemmerer et al., 2001; Morgan et al.,
2001), a phenomenon usually referred to as ‘acclimation’. Interestingly, most of these studies
ascribed the observed responses to an elevated CO,-mediated enhancement of leaf water
status rather than of photosynthesis itself. Indeed, a review of grasslands responses to elevated
CO; concluded that increasing atmospheric CO; induces water relations responses which in
many situations dominate the system biomass and species responses to CO,, and could
possibly be induced by moisture treatments alone (Morgan et al., 2004b).

That elevated CO, can improve soil water content has been demonstrated in several C3/C4
grasslands (Owensby et al., 1997; Owensby et al., 1999; Polley et al., 2002; Lecain et al.,
2003). But why would improved water status benefit C3 species in some studies and C4
species in others? The results from this reduced set of studies suggest that, in humid
environments, plant height can be important. In the tallgrass prairie, the C3 grass P. pratensis
could not cope with increased canopy mass and height under elevated CO; in a grassland that
was becoming less water-limited and in consequence more light-limited. In agreement, tall C3
forbs actually increased their contribution in this study (Owensby et al., 1993). Paradoxically
enough, in the short-C4 grass/tall-C3 forbs grassland, elevated CO, favoured C3 vegetation
(Polley et al., 2003). Naturally, this suggests that elevated CO, would strongly interact with
grazing regime in these grasslands.
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Concluding remarks

The basic interaction in carbon gain between photosynthetic mode (C3 vs. C4) and pCO, and
temperature, as depicted in the quantum yield hypothesis, provides a baseline, a null
hypothesis against which responses of the C3/C4 balance of grasslands can be contrasted.
This hypothesis, which seems to adequately explain changes in the balance in C3 vs. C4
vegetation at geological time-scales, predicts that the C3/C4 balance should have moved
during the last 50 years, and would continue to do so in the next 50 years, for grasslands in
climates close to cross-over temperatures. More data recording the C3/C4 balance over the
last 50 years of grassland ecosystems that experienced different (contrasting, if possible)
changes in temperature and precipitation patterns should be useful to test these predictions.
The actual relevance of the mechanisms proposed by the quantum yield hypothesis is not
universally accepted. Scepticism about the role of ‘pure’ photosynthetic responses in
determining the C3/C4 balance is supported by recent results from elevated-CO, experiments
carried out in natural grasslands. These suggest that improved water status, product of the
reduced stomatal conductance observed in both C3 and C4 plants, and humid and semiarid
ecosystems, plays a decisive role in determining the response of the C3/C4 balance to changes
in pCO; in the range 400 to 700 pbar. This has two interesting consequences. First, if elevated
CO; does not generally promote C3 species, then it is likely that the C4 component of (some)
C3/C4 grasslands will actually increase, driven by global warming. Second, it is not clear that
the same relevance of water-mediated responses should not be apparent at lower pCO,, say in
the range 200 — 300 pbar. If so, this would force a reinterpretation of the validity of the
quantum yield hypothesis in explaining paleo-changes of the C3/C4 balance.

Finally, grazing is a factor that should be included in future studies (and interpretations) of
climate change effects on the C3/C4 balance. It is a ubiquitous force that shapes grasslands
through defoliation and nutrient cycling effects. For instance, in grasslands grazed at optimal
or above-optimal stocking rates, and thus with a reduced scope for active selection by
herbivores (Agnusdei and Mazzanti, 2001), any growth advantage given by pCO,,
temperature or water status to a particular functional group would be minimized by a
correlative increased grazing pressure on it (Lemaire ef al., 2009). Up to now, only one
experiment has explicitly analysed elevated CO, effects on a grazed C3/C4 community (von
Caemmerer et al., 2001).
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Abstract

The paper provides an insight into structures and recent trends of grazing livestock
production (cattle, sheep, goats and equines) and their relation to forage area. Dairy
production and grassland use are the focus of the study. The differing land use and
farming conditions throughout the EU are briefly addressed as well as farm structural
change. The dairy, beef and sheep sectors are highly dependent on policy interventions
implemented as part of the EU Common Agricultural Policy (CAP). These policies have
been subject to fundamental reforms during the last years. Expected short-term impacts of
these agricultural policy changes on livestock production and land use are discussed and,
as far as is possible, compared to recent empirical data. The influence of environmental
policies is considered. Building on this analysis, the future prospects of grazing livestock
and grassland use in the EU are examined and, finally, challenges for research are
discussed.

Key words: Grassland use, farm structures, CAP reform, milk quota.

1. Introduction

Grassland and forage crops on arable land account for a large proportion of the utilized
agricultural area (UAA) of the EU. In 2007, about 33 % of total UAA in the EU-27 were
used as permanent grassland, and 11 % of UAA were cultivated with forage crops such as
temporary grass and green maize (see Table 1). Grassland serves as forage area for cattle,
sheep, goats and equines; therefore, we subsume these livestock categories as ‘grazing
livestock’ in this paper. Beef and dairy production contribute significantly to EU
agricultural income. According to the Economic Accounts for Agriculture of the EU-27 in
the year 2007, beef and veal, sheep and goat meat amounted to 11 % and milk to 14 % of
the total agricultural production value (values at factor prices, this means that taxes and
subsidies related to production are not considered). Farms specialised in dairy, cattle-
rearing and fattening, sheep, goats and other grazing livestock employed about 21 % of
total EU-27 agricultural labour force in 2007 (Eurostat, 2010, in annual working units).

Beyond its contribution to meat and milk production, permanent grassland provides a
number of environmental and social benefits. Compared to arable land, grassland is
associated with a better conservation of soil against erosion, a reduced runoff and leaching
of nutrients into surface and ground water (Briemle and Elsdsser, 1997), and contributes to
flood control. In the debate on climate change caused by anthropogenic greenhouse gas
emissions, grassland is classified as an important carbon sink, due to higher organic matter
contents compared to arable land use (IPCC, 2000). Further, grassland constitutes a
characteristic element of European cultural landscapes, and the maintenance of semi-
natural grassland habitats through traditional agricultural use is vital for the protection of
biodiversity (Briemle et al., 1999; Zdanowicz et al., 2005). Within the Natura 2000
network established according to the Birds and Habitats Directives (79/409/EEC,
92/43/EEC), grassland constitutes the dominant type of agricultural land use. More than
18 % of EU’s total grassland is located within designated Natura 2000 sites (Cooper et al.,
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2009). Several types of semi-natural grassland habitats, which are of community interest
according to Habitats Directive Annex I, are threatened either by agricultural
intensification or farmland abandonment (Ostermann, 1998). Most of the beneficial
environmental impacts of grassland are highly site- and management-specific. Also, long-
term continuity of grassland use is of importance, especially regarding objectives related
to biodiversity and storage of soil carbon. Temporary grassland contributes to
environmental objectives such as soil and water protection, but regular ploughing and
conversion to arable crops might be critical due to potential discharge of carbon and
nitrogen, and is detrimental for biodiversity objectives.

Dairy, beef and sheep production as the main sectors sustaining Europe’s grassland are
associated with negative environmental impacts, such as water pollution due to nitrogen
leaching, air pollution through ammonia emissions, soil degradation, e.g. due to
overgrazing or maize cultivation, and on landscape and biodiversity, e.g. due to high
intensity of grazing or mowing regimes (CEAS et al., 2000; IEEP, 2007). Grazing
livestock is causing a considerable share of agricultural greenhouse gas emissions, with
methane emissions from enteric fermentation of cattle, sheep and goats accounting for
about 30 % of direct emissions from agriculture in 2007. This is equivalent to 3 % of the
EU-27’s total greenhouse gas emissions (EEA, 2009). Additional greenhouse gas
emissions related to cattle and sheep occur from manure management, nitrogen
fertilisation of fodder crops, and agricultural land use of organic soils such as bogs and
fens.

Statistics on grassland and other forage areas should be interpreted with caution, as not all
types of grazed areas are reported and some areas reported as forage crops are not used by
grazing livestock. EU statistics distinguish permanent grassland, rough grazing, temporary
grassland and various arable forage crops (e.g. green maize). In EU statistical surveys,
permanent grassland is defined as not being part of crop rotations for more than five
consecutive years. It is used to grow herbaceous forage crops, either sown or natural (self-
seeded), as pasture for grazing or for mowing in order to provide fresh forage for livestock
kept indoors, or to produce hay or silage. Also, areas for rough grazing, e.g. semi-natural,
low-yielding pastures, are permanent grassland. In contrast to permanent grassland,
temporary grassland is part of arable crop rotations and thus it is seeded and regularly
ploughed a few years later in order to establish other arable crops.

In statistical surveys, a proportion of permanent grassland might not be recorded, e.g.
because parts of grassland are common land which does not directly belong to a particular
farm, some areas are not continuously farmed but are used only in years of forage
shortage, or areas used for pasture may serve mainly for other purposes (airports, military
training areas, dikes). For instance, in France common lands and grasslands not managed
by farmers were estimated at 1.5 million ha (Pointereau ez al., 2008), an area equivalent to
almost 20 % of the permanent grassland reported in the Farm Structural Survey 2007.
Other semi-natural vegetation types serving for rough grazing, such as heather, are not
accounted for as grassland (Roder et al., 2007). In recent years, production of energy crops
has emerged as a new agricultural activity, e.g. in Germany (Taube et al., 2007). Green
maize and grassland for biogas production are still not reflected in official statistics, but
influence the trends of the forage area reported. Further, statistical time series on grassland
throughout the EU are incomplete and suffer from changing survey methods, e.g.
regarding the minimum farm size included in the statistics.

In the following section, we analyse the utilisation of grassland in the EU and, in
particular, its connection to dairy production. Subsequently, we focus on the implications
of the EU’s Common Agricultural Policy in the recent past. The paper closes with a brief
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outlook on the future use of grassland in the EU and highlights some challenges for future
research.

2. Spatial distribution, state and trends of grassland use

The statistical basis for the following analysis comprises EUROSTAT data, provided
through the internet database (Eurostat, 2010), as well as a more disaggregated data set
based on the 2007 Farm Structural Survey for the CAPRI model system (Common
Agricultural Policy Regional Impact, see http://www.capri-model.org/). Cropper and Del
Pozo-Ramos (2006) describe the long-term developments of livestock numbers in the EU.
Declining dairy cow numbers have been the dominant trend since introduction of milk
quota in 1984, which is often associated with losses of grassland area (Pointereau et al.,
2008). In middle and eastern Europe, grazing livestock herds diminished sharply in the
1990s during transition towards market economies (Roder et al., 2007).

Table 1: Distribution of grassland and forage crops by EU Member States, and intensity
indicators in 2007. Source: Eurostat 2010 (Farm Structural Survey 2007), Lutter (2009),
own calculations.

EU member state Code perm. forage forage area grazing cow milk
grassland crops share of livestock production
Share of UAA EU-27 total per forage area
(%) (%) (%) LU ha’ kg ha™!
EU-15
Austria AT 54 8 2.6 0.77 1568
Belgium BE 37 18 1.0 2.63 3911
Germany DE 29 12 9.2 1.41 4087
Denmark DK 8 18 0.9 1.75 6751
Spain ES 35 3 12.4 0.71 698
Finland FI 2 29 0.9 0.97 3172
France FR 29 17 16.8 1.26 1918
Greece GR 20 6 1.4 1.79 744
Ireland IE 76 17 5.1 1.43 1344
Italy IT 27 14 6.9 1.06 2161
Luxemburg LU 52 18 0.1 1.61 2834
The Netherlands NL 43 22 1.6 2.25 9301
Portugal PT 51 10 2.8 0.61 747
Sweden SE 16 36 2.1 0.77 1885
United Kingdom UK 62 8 15.1 0.91 1228
EU-12
Cyprus CYy 1 29 0.1 2.04 3175
Czech Republic CZ 26 12 1.7 0.82 2138
Estonia EE 30 24 0.7 0.42 1356
Hungary HU 12 6 1.0 0.95 2390
Lithuania LT 31 15 1.6 0.55 1645
Latvia LV 36 22 1.4 0.31 829
Malta MT 0 45 0.0 3.50 8655
Poland PL 21 5 5.4 1.17 3004
Slovenia SI 59 11 0.4 1.07 1561
Slovakia SK 28 13 1.1 0.51 1225
Bulgaria BG 9 3 0.5 2.11 3359
Romania RO 33 6 7.0 0.75 992
EU-15 36 12 79 1.11 2005
EU-12 25 8 21 0.85 1780
EU-27 33 11 100 1.06 1958
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The EU-27 dairy herd was decreasing between 2003 and 2007 at a rate of -1.6 % per year,
due to increasing milk yield per cow and the administrative limitations on milk production
(Cropper and Del Pozo-Ramos, 2006). Although most EU Member States have decoupled
direct payments for suckler cows from production (Rdéder ef al., 2007), which were
formerly paid per head, the herd size of other cows even slightly increased between 2003
and 2007 in the EU-27, and the effect was more pronounced in several EU-12 Member
States.

The relative distribution of total forage area in the EU (Table 1) indicates that about 80 %
of this area can be found in Germany, Spain, France, Ireland, Italy, United Kingdom,
Poland and Romania. Between Member States, average stocking density of grazing
livestock and milk production intensity differ within a wide range. The highest intensity is
found in The Netherlands, Belgium and Denmark, whereas Austria, Spain, Portugal,
United Kingdom and most of the EU-12 Member States are located at the opposite end of
the gradient.

More than 80 % of the grazing livestock units in the EU-27 are cattle (Fig. 1), with dairy
cows accounting for 30 % and ‘other cows’ (mainly suckler cows) for another 15 %.
Suckler cows are of special importance in some EU-15 Member States, e.g. Spain, France,
Ireland and United Kingdom, and also in the Czech Republic, while in most of the other
EU-12 Member States, ‘other cows’ are of minor relevance. Sheep and goats represent
about 12 % of the grazing livestock herd in EU-27, with shares above average in
Mediterranean countries, United Kingdom and Romania. Equines contribute to less than
5 %, but are still more frequent in some EU-12 Member States.
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Figure 1: Composition of the grazing livestock herds in EU Member States. Source: Eurostat 2010
(Farm Structural Survey 2007), own calculations. Abbreviations see Table 1.

Fig. 2 depicts the average herd size of dairy and of other cows per farm, in combination
with relative development of farms keeping dairy or other cows, respectively. Between
2003 and 2007, for the EU-27, on average each year about 6 % of dairy farms ceased milk
production. This is a highly accelerated structural change, compared to the sectoral
average of about 2.3 % of farms leaving the EU agricultural sector. Denmark, United
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Kingdom and Czech Republic have the largest average dairy herds per holding. In spite of
favourable structural conditions, we observe even in Denmark and Czech Republic a
pronounced farm structural change. In these countries about 9 % of dairy farms ceased
milk production per year between 2003 and 2007. In most other Member States, dairy
farms terminated business at an elevated rate compared to the respective sectoral average.
In most of the Member States, farms keeping other cows have markedly smaller herd sizes
per farm compared to dairy herds. The number of farms keeping other cows is more stable
compared to dairy farms. This number is even increasing in the EU-12, especially in
countries with the smallest farm structures. This leads to the conclusion that there is a
broad, ongoing structural change of the dairy sector, with many smaller dairy farms
changing to beef production based on suckler cows while ceasing milk production. In
some EU-12 Member States, the category ‘other cows’ possibly still includes some
subsistence production of milk. Through this process, forage area is kept under
management, although in small farm structures.
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Figure 2: Average heads of dairy and other cows per farm in 2007, and change of farm
numbers keeping dairy or other cows between 2003 and 2007. Source: Eurostat 2010
(Farm Structural Survey 2003, 2007), own calculations. Abbreviations see Table 1.

In the following, structures of specialised dairy farms and their relative importance for
grassland use are investigated. Specialisation of farms according to the Community
typology is measured in economic terms on the basis of the contribution of different
production lines to the total potential gross value added (standard gross margin). In Fig. 3,
specialised dairy farms (farm type FT41) are compared to the rest of farms keeping
grazing livestock. Dairy farms are characterised by higher stocking densities per hectare
forage area. On EU average, the difference is almost one livestock unit per hectare.

In several Member States, the structure of the forage area in dairy farms differs from other
farms, notably in Denmark, Spain, France and United Kingdom. In these countries,
specialised dairy farms cultivate more green maize and temporary grass and use less
permanent pasture or meadows and rough grazing. In Fig. 4, the proportion of dairy cows
kept in specialised dairy farms is presented as well as the relevance of these farms for use
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of permanent grassland. In the EU-15, specialised dairy farms keep almost 80 % of all
dairy cows, but utilize less than 20 % of the total permanent grassland. Only in Germany
and The Netherlands, specialised dairy farms have a higher importance for grassland use.
In some German regions more specialised in dairy production, such as Lower Saxony and
Bavaria, the share of grassland in specialised dairy farms accounts for 50 % to 60 % of the
total. Compared to the EU-15 in the EU-12, specialised dairy farms keep a smaller
proportion of the dairy herd, as there exist more mixed farming systems.
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Figure 3: Composition of the forage area and stocking densities of grazing livestock in
specialised dairy farms and all other farms in 2007. Source: Eurostat 2009 (Farm
Structural Survey 2007, disaggregated data set for the CAPRI model system), own
calculations. Abbreviations see Table 1.
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Figure 4: Dairy cows and permanent grassland in specialised dairy farms as a percentage
of the sectoral total. Source: Eurostat 2009 (Farm Structural Survey 2007, disaggregated
data set for the CAPRI model system), own calculations. Abbreviations see Table 1.
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At the EU-27 level, about 66 % of total dairy cows, and about 33 % of total grazing
livestock units, are kept in specialised dairy farms which manage about 16 % of EU’s
permanent grassland. The relatively low proportion of grassland in specialised dairy farms
is explained through the high livestock densities on these farms, which are concentrated in
the more productive grassland areas. Also, permanent grassland is less relevant because of
the higher importance of green maize and temporary grassland as forage crops.

According to Alliance Environnement (2008), in larger dairy farms production intensity is
higher in terms of livestock stocking density, milk production per cow and of mineral
fertiliser purchase. Higher stocking densities and higher shares of green maize could also
be found in larger farms of the Farm Structural Survey data set for Germany in 2007, when
comparing dairy farms of different sizes at the regional level. Between 1999 and 2007, the
average stocking density in German dairy farms remained stable. However, if the
increasing milk yield per cow is considered, the nutrient turnover per hectare increases.
During the same period of time, in all other farms in Germany average grazing livestock
density per hectare of forage area decreased by about 20 %. This indicates a trend towards
more pronounced structural differences between livestock farms.

National statistics do not reflect regional differences and spatial allocation of land use and
livestock. As an example, Fig. 5 depicts the distribution of grassland in Germany, and the
allocation of milk quota per hectare UAA at the level of municipalities (see also Lassen et
al., 2008 and 2009). Obviously, dairy production is concentrated in regions with high
grassland shares, e. g. in lowlands and marshes of north-western Germany, low mountain
ranges in the western and central regions, and in the pre-alps and low mountain ranges in
the south of Germany. In eastern Germany, apart from mountain ranges in the south, there
is less regional concentration of grassland and dairy production. In some grassland areas,
e. g. the Black Forest in the south-west, and low mountain ranges of Thuringia in the
centre of Germany, the incidence of dairy production is rather low. These are regions with
structural difficulties or low grassland productivity, where grassland is mainly managed
through suckler cows at low stocking densities.

Between 1975 and 2001, permanent grassland decreased by about 17 % in the EU-15; this
is a rate of -0.7 % per year (Gobin et al., 2006). Apart from the loss of agricultural land
due to urbanisation, both conversion into arable land and afforestation or abandonment of
farming contributed to this development (EEA, 2005).

In recent years, the trend of grassland losses has been halted or even reversed in several
European regions. An analysis of grassland areas at national level between 2003 and 2007
shows that in Belgium and Germany the area of permanent grassland declined, while the
area of arable land increased, indicating a conversion of grassland. However, net changes
at the EU level were negligible in this period of time.

In Germany, the grassland area decreased at an annual rate of -0.8 % between 1990 and
2006, while arable land decreased at a rate of -0.05 % per year. Obviously, the overall loss
of UAA due to urbanisation occurred mainly at the expense of grassland, due to parallel
conversions of grassland into arable land. However, these net figures at national level
mask the fact that there have been regions with increasing grassland area, especially in
hilly and mountainous areas of western Germany (Gay et al., 2004). In eastern Germany,
the area of permanent grassland dropped after German unification by more than 20 %
between 1990 and 1992, and increased again during the process of restructuring. This is an
example for grassland areas remaining for a time outside the farm sector and agricultural
statistics. Later, such ‘land reserves’ can be included into the farms again. Such aspects
complicate the interpretation of net statistics of land use and call for more detailed
analysis of net flows and gross changes (Gobin et al., 2006, Pointereau et al., 2008).
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Figure 5: Distribution of permanent grassland in 2007, and milk quota per hectare UAA in
2005. Source: Forschungsdatenzentrum der Statistischen Amter des Bundes und der
Lander, Farm Structural Survey, 2007, data analysis based on Salhofer ez al., 2010, own
calculations.

With regard to farmland abandonment, Pointereau er al. (2008) show that the risk of
abandonment is higher on marginal grasslands, e.g. on slopes, poor or wet soils. Farmland
abandonment is also influenced through small parcel sizes and poor transport
infrastructure, and farm structural change with a decrease of mixed traditional farms.
Based on Corine Land Cover data for 1990 and 2000, Osterburg et al. (2008) found
general trends throughout the EU of arable land expansion in lowlands at the expense of
pasture, and pasture expansion as well as set-aside on slightly sloped land and at higher
altitudes. Due to afforestation and transitional woodland creation, forest area increased on
marginal, less productive land at altitudes and on more inclined terrain, mainly used as
pasture beforehand. Over longer periods, farmland abandonment can reach relevant shares
of UAA. Pointereau er al. (2008) identified 3.3 million hectares of abandoned areas in
three EU Member States, equivalent to 2% of the total French UAA (1988-2000), 4% in
Poland (1996-2002) and 8% in Spain (1989-1999).

3. Influence of policy measures and market forces on the grassland use

Farm structures, production activities and agricultural land use are subject to market and
policy influences, of which the CAP plays a central role. For the use of grassland, several
CAP instruments are relevant, namely the direct payments, milk quota, rural development
measures of the so called Pillar 2, such as investment aid, agri-environmental measures
(AEM) and Less Favoured Area (LFA) allowances. Further, the CAP has established rules for
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the maintenance of permanent grassland through eligibility rules and minimum requirements
as precondition for the receipt of direct payments.

First, we will look at direct payments and milk quota. The recent CAP reform (Mid Term
Review reform, based of the Luxemburg decisions of 2003 and Regulation 1782/2003) has
initiated a fundamental change of agricultural policies (see also Osterburg and von Horn,
2006; Roder ef al., 2007), comprising the introduction of a largely area-based ‘single farm
payment’ (SFP) for EU farmers, decoupled from production, and cross compliance (CC). This
means the linkage of direct payments to compliance with environmental, food safety, animal
and plant health and animal welfare standards (‘statutory management requirements’, SMR),
as well as the requirement to keep all farmland in ‘good agricultural and environmental
condition’ (GAEC). Further elements were reduced intervention prices for milk products,
with a partial compensation through decoupled payments, and options to maintain a
proportion of direct payments coupled at Member State level, especially for arable crops,
cattle and sheep. Member States were allowed to choose a historic SFP model, with individual
payment entitlements based on historic farm production activities in 2000-2002, or regional
flat rate payments. Several Member States decided to introduce hybrid systems, with
elements of both payment models, and dynamic elements, i.e. a transition towards
regionally harmonised payment levels. In the EU-12 Member States a fully decoupled
single area payment was introduced, and only Malta and Slovenia opted for the SFP
model. Especially in the EU-12, payment entitlements may not cover the total of the
potentially eligible land. This implies that there is scope for farmland abandonment, or
land abandoned during the transition period may not be activated (Osterburg et al., 2008).
Historic SFP models allocate a larger part of direct payments towards more intensive
farms. Due to the newly introduced, decoupled milk premia, specialised dairy farms
benefit from this distribution through payment levels above average. On the other hand,
regional flat rate models tend to relocate payment to the advantage of more extensive
farms, e.g. livestock farms with low stocking densities, and give incentives to declare
agricultural land which has not been included in the support system previously. In all
schemes, a payment entitlement can be ‘activated” with one hectare of arable or grassland
managed subject to cross compliance minimum standards, regardless whether this land is
used for production or not.

Several Member States retained coupled payments, e.g. for suckler cows, sheep and goats.
Calculated on the basis of animal numbers in the year 2003, a significant share of the EU-15
livestock herd benefits from coupled payments (Réder et al., 2007), e.g. about 60 % of the
suckler cow herd of EU-15 (Osterburg ef al., 2008). However, according to the last changes
of the CAP (‘Health Check’, Regulation 73/2009) special beef and slaughter payments shall
be fully decoupled until 2011, while coupled payments for suckler cows, sheep and goats may
be retained. This exemption takes into account the potential problems of decoupling:
decreasing grazing livestock herds and resulting changes of land management. However, up
to now even in Members States with fully decoupled payments, such as Germany, the suckler
cow herds remained stable, while sheep numbers have declined by a few percent.

The milk quota introduced in 1984 has limited the expansion of dairy production in the EU
and, depending on the national and regional rules for quota transfers, the quota regime has
contributed in some Member States, such as France and Italy, to maintain dairy production in
less favoured areas (Alliance Environnement, 2008). In Germany, quota transfers were
restricted to 27 trading regions, thus ‘ring-fencing’ regional dairy production. By summer
2007, trading regions have been merged into a western and an eastern German region. Quota
transfers in 2008 within the western region show a clear concentration of dairy production in
regions with a high share of grassland. Increase of quota due to transfers in 2008 only reached
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about 2 % of the 2006 level in the Laender Lower Saxony and Schleswig-Holstein (Lassen ef
al., 2009).

The Health Check reform determined the expiry of the milk quota by 31 March 2015, with a
‘soft landing’ through a stepwise increase of the quota by 1% per year between 2009 and
2013. Due to the worldwide economic crisis starting in late 2008, farm commodity prices
dropped sharply. Especially the dairy sector was affected. The production value for milk of
EU-27 decreased by more than 20 % in 2009 compared to 2008, or by 10 % compared to
2005 (EUROSTAT, data of the economic accounts for agriculture), calling the concept of
‘soft landing’ into question. For comparison, production values for beef decreased only by
about 5 % from 2008 to 2009. In Germany, as also in other Member States, flanking measures
such as additional investment aid and animal welfare measures for dairy cows are planned as
a response to the increased pressure on the dairy market. Also, marketing strategies for
premium products, e.g. according to rules for protected denomination of origin (PDO),
Protected Geographical Identification (PGI), or organic farming, are of increasing importance
for sustaining dairy and cattle farms in less productive areas (Cropper and Del Pozo-Ramos,
2006).

In Fig. 6, support levels per hectare UAA are presented for German farms in 2006. Decoupled
direct payments have been still partly dependent on the historical model and thus were much
higher in more intensive dairy and cattle farms. Harmonisation of direct payments started in
2009 and will converge at the average level depicted at the left side of the figure by 2013. We
stratify farms into a low (ext), medium (med) and high (int) intensity level. Low-intensity
farms represent “high nature value” (HNV) farms (see Osterburg ef al., 2008, for more
details). These farms are most dependent on additional Pillar 2 support. While investment aid
supports individual, expanding farms, AEM and LFA payments can reach significantly higher
support levels especially in low-input regions and farm groups. Fig. 6 illustrates the high
dependency of the income (profit) plus wages for external labour of dairy and cattle farm on
transfer payments.
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Figure 6: Support payments in German dairy and cattle farms in 2006. Source: German
FADN (Farm Accountancy Data Network), price support for beef according to OECD
(2009), own calculations.

In the following we describe requirements attached to EU support policies influencing the
maintenance of grassland. The EU Member States have determined cross compliance
conditions for keeping eligible land free of shrubs and other invasive plants. The cost
incurred for minimum land maintenance according to GAEC standards can be understood
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as the ‘re-coupled part’ of the decoupled, area related payments. On plane land
maintenance costs e.g. through mulching are comparatively low, while for pastures in
mountainous areas there might be no alternative for extensive grazing in order to keep the
land open. Thus, in such areas a higher effect of ‘re-coupling’ to livestock production
occurs. In addition, several Member States (e.g. Austria, France, Ireland, Lithuania,
Poland, Spain, Sweden) have defined additional requirements in order to keep grassland in
productive use, such as minimum stocking levels of grazing livestock, or the removal of
forage after cutting. These rules intend to ascertain a minimum livestock density and avoid
farmland abandonment.

Prior to 2005, permanent grassland converted into arable land after 1992 was not eligible for
arable crop payments. This rule intended to avoid an expansion of arable production and
certainly has decelerated conversions into arable land. However, ploughing of grassland was
allowed to compensate for losses of arable land due to urbanisation (Gay et al., 2004). In
2005, this area-specific disincentive for conversion of grassland was removed, as the SFP
entitlements can be activated on any eligible land. In order to restrict larger conversions of
grassland, Regulation 1782/2003, Article 5 (2), required the EU Member States to prevent a
significant decrease of the share of ‘permanent pasture’ as percentage of agricultural land,
compared to the 2003 level. The new Regulation 73/2009 contains equivalent requirements.
Permanent pasture is used synonymously with permanent grassland. Most Member States
require an authorisation even before the maximum reduction of the grassland ratio (10%) is
reached (Alliance Environnement, 2007). In Portugal, authorisation is needed for all grassland
conversions. Italy and Spain implemented a general prohibition of conversion of permanent
pasture, mainly for reasons of erosion control, and in Belgium (Flanders), Greece and Poland
grassland area has to be maintained at the farm level. In Austria, conversion on steep hills and
along water courses is banned, and in UK the conversion of semi-natural grassland. In other
Member States, the ratio of permanent grassland may decrease by up to 10 % between 2005
and 2013; this is a rate of -1.3 %, exceeding historic average loss rate. Obviously, restrictions
on grassland conversion can be seen as another form of ‘re-coupling’ of direct payments, as
grazing livestock systems are benefiting from these rules.

The grassland ratio is calculated at regional or national level. Within larger, non-
homogeneous regions, significant land use changes may occur without meeting the Cross
Compliance threshold level for the grassland ratio, as marginal arable land might be converted
into grassland. This allows for more area being converted into arable use on sites more
suitable for cropping. Through an analysis based on spatially disaggregated parcel data of the
Integrated Administration and Control System (IACS) of four German Laender, flows of land
use change were traced back in order to identify grassland losses between 2005 and 2007
(Osterburg et al., 2009). Losses of grassland through conversion into arable land occurred at a
rate of -1.3 % per year, in parallel to conversions of arable land into grassland at a rate of
+0.5 %. In three German Laender, the grassland ratio had dropped by more than 5 % until
2009. Obviously, the cross compliance rules have been an incentive for a rapid conversion of
grassland before restrictions at the farm level are implemented. Also, the rules allow for
further spatial segregation of grassland use, as long as there are no site-specific restrictions.
Environmental mandatory standards according to regional, national and EU legislation restrict
the conversion of grassland in designated areas, e.g. of the Natura 2000 network. Restrictions
according to the Birds and Habitats Directive are connected to the Cross Compliance rules for
permanent pasture. Regionally defined, area or site-specific restrictions may go beyond Cross
Compliance, but are not always consistently enforced (Osterburg et al., 2009).

In addition, there are mandatory rules for the control of emissions from livestock production.
EU Nitrates Directive defines limits on manure spreading per hectare, and thus puts
restrictions on the expansion of dairy production in intensive, specialised farms (Lassen et al.,
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2009). ‘Derogations’ (exemption from the limit of 170 kg N from animal excretion per
hectare) have been implemented in several Member States such as The Netherlands,
Denmark, and Germany, allowing for higher manure application rates on intensive grassland.
These rules fuel further concentration in the dairy sector, as the limit of 170 kg ha’ N
according to Nitrates Directive is alleviated.

4. Prospects of grassland use in the EU

The abolition of milk quota in 2015 will affect land use and farm structures. In spite of
expected pressure on milk prices, most model based scenario analyses expect an increase of
dairy production in the EU by 2020, as well as a significant relocation of production
capacities (Gomann et al., 2009; IPTS et al., 2009). However, exact forecasts for dairy
production are problematic, as the sector has been strongly regulated for a long period. For
suckler cows and sheep, declines due to decoupling are expected (Roder et al., 2007; Gomann
et al., 2009), although in the short term, decoupling has not shown severe impacts on the
suckler cow and sheep herds. Considering the relevance of direct payments and Pillar 2
support for dairy, beef and sheep farms, especially those with lower intensity levels, future
CAP budgets and support measures are key factors determining the future of grassland use.
With regards to the future development of dairy production, Lassen et al. (2009) and Lutter
(2009) use a mixed methodology comprising analysis of market shares, of local production
factors, of production costs, and farm interviews in order to complement and verify outcomes
of economic modelling. They expect a further concentration of dairy production in productive
grassland areas. Increasing competition on arable land, due to favourable developments of
crop prices and promotion of energy crops, will negatively affect production conditions for
milk in arable areas.

The following results are based on a farm survey conducted in the first quarter of 2010 by the
international networks EDF (European Dairy Farmers) and agri benchmark dairy. The
analysis is based on a sample of 1453 German dairy farmers. Data of farms with farmers older
than 55 years and without successor, and of farms which will quit dairy production due to
recent market developments were removed from the analysis. Based on the farmers’
expectations about the future development of dairy production in their region the regions were
grouped into regions of growth and regions of reduction. To characterise a region
appropriately, a minimum of five farms are required per county. Only regions where more
than 50% of the participating farmers stated that they expect an increase or decrease in dairy
production in their region are taken into account. Regions with expected increases of
production are concentrated in marsh areas at the coast of Lower Saxony. Regions with
expected reduction are mainly located in Lower Bavaria and southern parts of Lower Saxony.
The average milk yield of the surveyed farmers is about 8900 kg per cow and year in
growing regions, and the average amount of milk produced per hectare of land used for the
dairy is about 11700 kg. These figures do not differ much from the production intensity in
regions with expected decline. Farmers in growing regions on average have larger herds of
more than 100 cows per farm, and use more grassland on their farm compared to those in
regions of reduction. Milk production is already the predominant form of agricultural
activity in these regions. The results indicate that current centres of milk production in
Germany remain important dairy producing regions and one can expect even a further
concentration.

In the past, dairy farmers in both regions grew at the same pace. Until 2015, dairy farmers
in growing regions plan on average to increase the number of cows by 12 cows per farm
and year, while farmers in the other regions intend to grow by six cows. Land rental
payments are expected to increase by 22 % or 16 % in regions of growth or reduction,
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respectively. The survey also shows that farmers in all regions intend to increase the
annual milk yield per cow. With only little increase in farm land, this implies that the
intensity of milk production per hectare will further increase. The survey data suggests
that the increase of intensity will be higher in regions with expected growth (+ 2800 kg
ha™') compared to regions of reduction (+ 1600 kg ha™). These results imply that grassland
will most probably be used even more intensively than today on specialised dairy farms.
This coincides with the results of the ex-post analysis in chapter 3. On the background of
ongoing farm specialisation, intensification and spatial concentration in the dairy sector,
the fate of grassland that is not needed anymore for milk production remains open.

The Uruguay Round Agreement on Agriculture has been a key factor for market
liberalisation in the EU in the 1990s, both regarding the reduction of tariff protection,
domestic support and export subsidies. A future agreement of the World Trade
Organisation (WTO) according to the current state of negotiations would result in major
changes concerning market access for agricultural commodities: Tariff cuts of 48% to 73%
(for sensitive products, such as beef, tariff cuts would be roughly half as high), and the
abolition of export subsidies (Brockmeier and Pelikan, 2008). Beef, veal and sheep meat
prices would come under pressure due to the high market prices support of 35 % as
percentage of commodity gross farm receipts (OECD, 2009), while dairy products would
be affected by the abolishment of export subsidies. Thus, lower prices and a higher price
volatility are expected. For arable crops, more positive price developments are predicted,
so that pressure on forage production on arable land would increase (OECD-FAO, 2009).
The further expansion of energy crops on arable land will increase the competitive
pressure on the land market. In 2008, German UAA used for biogas production alone was
estimated to be around 0.5 million hectare (DBFZ, 2009), and a further increase is expected;
thus strong incentives for additional grassland conversion will prevail.

Finally, environmental policies will continue to influence the developments in the dairy, beef
and sheep sector, both through regulation, e.g. regulation Nitrates Directive or for controlling
ammonia emissions, and through incentive payments in order to keep valuable grassland sites
under management. Farming systems based on ruminant livestock will be increasingly in the
focus of climate protection policies, although their role is ambiguous. Livestock farms are key
sources of emission, but also preserve grassland as an important carbon sink. On the other
side, preservation of grassland can not be proclaimed as an invariable objective, as there are
other use opportunities which should be weighted against environmental benefits of grassland
conservation. For instance, due to raising biomass demand, competition between traditional
grassland, its use for biomass, and afforestation or short rotation coppice will increase.
Discussions may challenge CAP payments which support livestock production systems
identified as key emitters of greenhouse gases, while oppressing larger land use shifts towards
more environmental-friendly biomass production.

5. Conclusions and challenges for research

The dairy sector of the EU is passing through an accelerated structural change which is
heading towards larger, more specialised and, in terms of milk production per hectare
forage area, more intensive farms. Structures of farms keeping suckler cows or sheep
remained comparatively more stable during the recent past, in spite of the decoupling of
direct payments. However, there is an ongoing trend towards lower livestock densities in
the less intensive farming systems, thus absorbing parts of grasslands not used anymore by
dairy production. Several challenges arise for policy-oriented research: What will be the
competitiveness of the dairy, beef and sheep sector in future, as dependency on CAP
support is still high, and markets will be further deregulated? How to improve resource
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efficiency and decrease detrimental external effects of intensive dairy production systems?
How far there is scope to integrate these systems into a concept of grassland conservation
and more extensive management of valuable sites, e.g. using grazing heifers? How far and
where should extensive grazing livestock systems be maintained through public
intervention and new marketing concepts, considering objectives related to climate
protection and biomass demand? Last but not least, a more coherent concept is needed
how to steer land use in the EU in particular regarding the preservation of ecologically
valuable grassland.
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Abstract

Soil organic matter (SOM) content is of prime importance for sustained levels of agricultural
production. Reports indicate that SOM levels have decreased in, e.g., England, Wales and
Belgium. Farmers in the Netherlands are concerned that introduction of more strict legislation
on manure application will decrease SOM content in the Netherlands too. Here, we report on
changes in SOM contents of grasslands and maize lands using a database with more than 2.5
million records of SOM determinations from farmers’ fields. SOM content of grassland on
mineral soils remained stable or tended to increase on average by 0.097 g kg™ yr' C during
the period 1984-2000. However, there were considerable differences between soil types and
regions. Areas with relatively low SOM contents showed increasing SOM contents, while
areas with relatively high SOMC (e.g., peaty clays) showed decreasing SOM contents.

Keywords: carbon sequestration, grassland, soil organic carbon, soil organic matter, changes,
land use change

Introduction

Soils contain vast amounts of organic carbon (C). On a global scale, it has been estimated that
about 1.5 x 10" g is stored in the upper meter of the soil, which is about three times the
amount of C in the aboveground biomass and twice the amount of C as CO, in the atmosphere
(e.g. Batjes, 1997). Sequestration of C in soils has been promoted as a strategy to mitigate the
emissions of greenhouse gases in the atmosphere (Lal et al., 2004). However, Janzen (2004)
questioned this strategy, as it seems not effective in all cases and even counter effective in the
case that the mineralization of organic nitrogen has to sustain high crop production levels.

In general, increasing soil organic matter (SOM) content is considered desirable as it
improves, among other things, soil structure, Cation Exchange Capacity, water retention and
disease suppressiveness. Some recent studies suggest, however, that mean SOM content
decreases as a consequence of land and soil management practices, climate change and
drainage (Sleutel et al., 2003; Bellamy ef al., 2005; Davidson and Janssens, 2006).

Here, we report on changes in mean SOM content of grassland and maize land in the
Netherlands during the period 1970-2009, using a database with more than 2.5 million records
of soil analyses from farmers’ fields. The objective was to relate possible changes in median
SOM content to changes in agricultural practices.

Materials and methods

The soil samples were taken and analysed by BLGG AgroXpertus (BLGG.AgroXpertus.nl) at
farmers’ requests. From 1984 onwards the soil data were stored digitally and available for
statistical analyses. For the period 1970-1984, means and frequency distributions per soil
type, land use type and year were available as described in annual reports but, unfortunately,
the underlying, original data were not archived. Standard soil sampling depth for grassland
was 0-5 cm until 2000 and 0-10 cm thereafter. Sampling depth for maize land depended on
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ploughing depth, and ranged between 0-20 and 0-25 cm in 1984, but after the year 2000
>99% of the soil samples were taken from the layer 0-25 cm. Both maize land and grassland
may be part of rotational systems. The analytical procedures until 2004 are described in
Reijneveld ez al. (2009). From 2004 onwards the Near Infra Red (NIR) method (e.g. Malley et
al., 1999) is used for SOM determinations.

We used simple regression analyses to detect changes in means and medians over time. We
checked for homogeneity of variance of the mean SOM content between years.
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Figure 1. Changes in mean soil organic matter content of grassland and maize land in the
Netherlands.

Results and discussion

Mean SOM contents of mineral soils (soils with <25% SOM) under grassland and maize land
tended to increase by 0.097 and 0.081 g C per kg soil per year for grassland and maize land,
respectively, during the period 1984-2004 (Figure 1). The suggested trends over time are
complicated by the facts that both soil sampling depth and the method of carbon analysis
changed during the reporting period. The effect of the first complication is shown in Figure 1
for grassland; the effect of the second complication is nullified by the inclusion of standards.
Our result contrasts with reports from the United Kingdom, Belgium and Brittany, which
indicate decreasing SOM contents. Further, our results do not confirm concerns of farmers
about a possible rapid decline in SOM contents, because of the manure policy. Our results do
support the conclusion of Velthof (2005) that the input of organic matter via crop residues and
animal manure has been rather constant over the reporting period.

Regional differences in annual mean changes in SOM under grassland were relatively large
and related to soil type. Sandy soils, loess soils, and fluvial soils increased in SOM content.
Peaty clay soils and marine clay soils high in SOM content showed decreases in SOM content
during the period 1984-2004. For example, a significant (P<0.001) decrease in SOM was
found in the north of the Netherlands (Figure 2); this may be related to temporary changes in
land use, agricultural practices, groundwater level, or combinations of these aspects.

The increase in mean SOM content of maize land (Figure 1) is related to the increased
acreage of maize land. Silage maize was introduced in the late 1960s, starting on sandy soils
in the southern half, but from the 1980s onwards silage maize has been grown throughout the
country at the expense of grassland. As a consequence, the mean SOM content of maize land
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increased over time, as the sample population included an increasing proportion of former
grasslands. In addition, maize land has received relatively large amounts of animal manure,
which also will have contributed to sustaining levels of SOM in maize land.
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Despite the large number of records used in this study (>2.5 million), there remains
uncertainty about the significance of the estimated trends in SOM. The uncertainty emanates
from the uncertainty in land use changes in practice. It is indicated that land use change has a
huge effect on SOM contents (e.g. Vellinga ef al., 2004). Reseeding grassland may also have
an influence; the grassland area ploughed and reseeded ranges between 5 and 10% of the total
grassland area, and seems to remain rather constant.

Conclusion

Our data suggest that SOM content of mineral grassland soils in the Netherlands remains
stable or increased slightly though there are large regional differences. A limitation in the
current data base is the uncertainties about previous land use of the sampling locations. A
monitoring programme would overcome this uncertainty.
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Abstract

There has been growing concern about the declining species diversity and abundance in agro-
ecosystems caused by the intensification of land use practice during the last 50 years. Danish
surveys in grass leys show that the frequency of many common species declined significantly
between 1967-70 and 1987-89. From 1987-89 to 2001-04 the decline continued for a few
species (Matricaria discoidea, Plantago major, Ranunculus repens, Tripleurospermum
inodorum and Viola arvensis), while the frequency of the grass weeds Elytrigia repens and
Poa annua increased significantly.

Keywords: Biodiversity, flora, Raunkizr analysis, weeds

Introduction

During the past 50 years the grassland area has declined in Denmark due to conversion of
grassland to crop land and a lower proportion of leys in arable rotation. Whereas previously it
was common practice to let the stock graze large areas of grassland, it has now become much
more common to keep the stock in the cow house all year. Grass and clover from well
fertilized leys are used for ensilage, and swards are harvested several times during the season.
This affects the flora and results in relatively low abundance and diversity of wild species.
Sown grasses and clovers are very competitive at high fertilizer levels and, since the fields are
cut frequently, many wild species do not reach flowering and seed setting. Here we present
data on flora from the last 50 years which show how the diversity and abundance of wild
species of grasslands has changed during this period.

Material and methods

In the years 1967-70, 1987-89, and 2001-10, thirty, forty-four and forty-eight grass leys were
surveyed, respectively. The surveys were made in June or July. All grass leys were two years
old (fields analysed in 2001 were undersown with cereals in 1999) and visited once. The
spectrum of sown species in the grass leys has been relatively constant and has consisted of
combinations of the following species: Dactylis glomerata L., Festuca pratensis Hud.,
Phleum pratensis L., Lolium perenne, L. multiflorum L., Poa pratensis L., P. trivialis L.,
Trifolium pratense L., and T. repens L.. The surveyed fields were selected randomly
according to a scheme ensuring approximately equal geographical distribution in Denmark.
The number of fields in each county was related to the relative area of grass leys at a national
scale. The fields were not the same in the three surveys due to many reasons, e.g. other crops
were grown on the fields, some fields were in set-aside, some were used for other purposes
(e.g. golf courses, lawn and roads etc). The samples may be regarded as fairly representative
for the flora of grass fields in the country. All fields were in conventional agricultural use (no
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organic farms), but were not sprayed with herbicides in the sampling years; hence the weeds
have been affected by the respective crops throughout the growing season.

In the 1964-70 and 1987-89 surveys, the frequency of weed species in a field was recorded by
listing the presence or absence of each species in 10 randomly selected, circular sample plots
of 0.1 m? within a field. Accordingly, each species was recorded in frequency classes of 0, 10,
20, 30, 40, 50, 60, 70, 80, 90, and 100%. In the 2001-04 surveys we increased the number of
sample plots to 20 in order to improve the estimates of the frequencies within a field. The
plots were selected by walking across the fields and randomly throwing a ring of sample size
in different directions, but avoiding closely located samples. The plots were never located in
the headland because that area often differs from the rest. The advantages and disadvantages
of the method, and reasons for choosing it in three major Danish surveys were discussed by
Andreasen et al. (1996). The method gives only a rough estimate of weed frequencies in each
field, but variation between fields is much larger than that within a field. Thus, to get a
reasonable estimate of the countrywide occurrence of weed species in a crop, one should
include more fields rather than investigate more plots within a field. Data for different species
were analysed separately, using the same statistical methods. The number of occurrences of a
weed species among 77 (10 or 20) random samples in a field /' was assumed to follow a beta-
binomial distribution (Agresti, 2002) with index ny, probability Prand correlation parameter
ps. The beta-binomial distribution allows for within-field clustering (or correlation) of weed
occurrence among the Raunkizr samples, and thereby accounts for any extra-binomial
variation in the field counts. The probability Py was modelled on a logistic scale, i.e. logit(P)
= In[Pr /(1-P))], by effects corresponding to survey period (e.g. 1987-89 versus 2001-04).
Previous surveys have shown that crop type accounts for the major part of the variability
among fields, although other variables can be shown to have significant influence on the
incidence of weeds (e.g. soil factor, crop rotation, agriculture management, landscape
heterogeneity (e.g. Andreasen and Skovgaard, 2009). Their exclusion from the present
analysis implied some loss of prediction, and generally our analysis gave rather cautious and
conservative statements about differences between surveys.

The initial statistical models allowed for separate parameters of P, and p, for each
combination of sampling decade, except where weeds were found in one survey only and the
same correlation across surveys was assumed. Statistical hypotheses were tested by
Likelihood Ratio (LR)-tests, at a significance level of 0.05. For further details about the
statistical method see Andreasen and Stryhn (2008).

Results and discussion

Frequency of 67 common weed species was investigated. Significant changes were found for
32 species (Table 1). From 1967-70 to 1987-89 the frequency of 21 species declined
significantly, whilst only Stellaria media (L.) Vill. became more common. S. media is a
nitrophilous and shade tolerant species with a short life cycle and a rapid germination, which
enables it to fill any bare spots in the field. Previously common species such as Cerastium
Jfontanum Baumg., Plantago major L. Prunella vulgaris L. Ranunculus repens L. and Viola
arvensis Murray declined substantially or were absent in 1987-89. From 1987-89 to 2001-
2004 only minor changes occurred. The grass weeds Elytrigia repens (L.) Desv. ex Nevski
and Poa annua L. became more common, while other species seemed to decline. The
frequency of P. annua increased immensely in all common crops from 1987-89 to 2001-2004.
In general, propagation of grass weeds in crop rotation systems seemed to be favoured by an
increasing area of winter cereals in Denmark (Andreasen and Stryhn, 2008). Most farmers do
not spray second-year grass leys with herbicides because it is not necessary. Sown grass
species are very competitive to wild species because large amounts of slurry are often spread
and several cuts during the season prevent weed plants from setting seeds. On many
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conventional farms, cows stay indoors and the fodder is transported to the cow house.
Grazing, which is common on organic farms, creates a more open canopy with bare spots
where the wild flora has better conditions for establishment and can compete with the crop.

Table 1. Observed frequencies (%) of wild species as recorded in surveys in 1967-70, 1987-
89 and 2001-04 together with significant indications for statistical test of equal weed
incidence in two following surveys.

1967-70 1987-89  Plevel  2001-04 P level

Achillea millefolium L. 43 0.2 * 0.1

Aphanes arvensis L. 3.0 0 HE 0.1

Arenaria serpyllifolia L. 2.7 0 * 0.2

Cerastium fontanum Baumg. 223 0.9 Ak 1.0

Elytrigia repens (L.) Desv. ex Nevski 8.0 0 ok 2.8 **
Galium aparine L. 7.0 0 *E 0

Geranium pusillum L. 2.0 0.2 ** 0.8

Mentha arvensis L. 9.0 0 *x 0.3
Matricaria discoidea DC 2.3 2.5 0.6 *
Myosotis arvensis (L.) Hill. 10.0 0.7 *x 22

Plantago major L. 35.7 7.3 ok 2.0 **
Poa annua L. 67.3 46.8 *x 60.2 *
Polygonum aviculare L. 10.7 6.1 *k 52

Prunella vulgaris L. 9.3 0 oAk 0
Ranunculus repens L. 13.7 3.0 ** 0.8 *
Rumex acetosella L. 8.0 0 HEE 0.1
Scleranthus annuus L. ssp. annuus 33 0.2 * 0.1

Senecio vulgaris L. 3.0 0.2 * 0.4

Spergula arvensis L. 2.3 0 * 1.0 *
Stellaria media (L.) Vill. 14.7 29.1 *E 21.6
Tripleurospermum inodorum (L.) Sch. Bip. 1.7 5.0 0.6 ok
Veronica agrestis L. 2.3 0 * 0

Veronica persica Poir. 7.0 2.5 Hk 1.6

Viola arvensis Murray 8.3 1.8 * 0.8

Viola tricolor L. ssp. tricolor 1.3 0.7 0 *

*P <0.05; ¥**P <0.01; ***P <0.001
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Abstract

Grassland is the main driver of ruminant systems and its productivity is sensitive to climate.
This study explores the response of ruminant production within the UK to climate change.
Using climate predictions and grass productivity and animal nutrition models, the impacts are
explored for 2020, 2050 and 2080 in ten regions. The associated costs of the predicted
changes are assessed using the changes in the ratio of grass to other forage feed and
estimating the financial impact. In pastoral systems, climate change is likely to increase grass
production. Increased forage availability could increase the annual grazing period by a
maximum of five weeks for cattle systems, and seven weeks for sheep systems. In most
regions, this will allow animals to be kept outdoors for longer, and could mean a potential
reduction in the proportion of the year that animals require housing and/or access to
conserved forages. The changes in length of the grass growth season are generally more
substantial in northerly than in southerly regions. The results indicate that a changing climate
may actually lead to a saving in forage costs to the dairy, beef and sheep sectors of £42m,
£5m and £90m respectively by 2080.

Keywords: Climate change, Ruminant systems, Grassland

Introduction

Grassland production is an important driver in determining the productivity of ruminant
systems. Expected climate change will have consequences for the productive potential of
grassland systems in the future. These changes will impact of the distribution and production
of ruminant livestock. The effects of climate change on grassland systems are potentially
complex with effects on forage yields and quality, which may affect the relative suitability of
grasses and legumes for grazing and fodder and thus their utilisation. Climate change is likely
to have impacts on the length of the growing and grazing seasons and, therefore, animal
production. The objective of this contribution is to explore the impact of climate change on
the length of grazing period and the associated savings in winter forage costs for different
regions within the UK. The impacts are explored for 2020, 2050 and 2080.

Materials and methods

An assessment of the impact of climate change on livestock systems has been carried out by,
firstly, assessing the likely impact of climate change scenarios on grassland production. The
SAC grassland systems model (Molle et al., 2006, Moran et al., 2009) was used to predict the
changes in forage production and length of grazing season for dairy, beef and sheep systems
in the UK. Predictions included days of the year when grass would be cut, the dry matter yield
(DMY) of the grass, the grass quality characteristics digestibility (D) and crude protein (CP)
content and the variation in these characteristics as indicated by their standard deviations.
This model required daily climate data as a driver for these predictions. These were developed
using the UKCIP02 medium-high scenario and the weather generator Earwig (Kilsby et al.,
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2007) for each of the livestock type (i.e. dairy, beef and sheep) zones within each of the eight
Rural Development Programme (RDP) regions in the England, plus Scotland and Wales. A
total of 50 one-year runs were generated for each production system in all RDPs and for each
of the climate change time slices (i.e. baseline 1961-1990, 2020, 2050 and 2080). The means
of 50 simulations per system per time point for each RDP were used as inputs into the dairy,
beef and sheep farm system models, the characteristics of which are described by Moran et al.
(2009). The changes in the ratio of grass to other forage fed (mostly silage) in 2020, 2050, and
2080 compared with the baseline were used to estimate the financial impact of climate change
on ruminant production systems. A representative system for each of the three analysed
production systems was identified in SAC’s Farm Management Handbook (2007) and used to
determine current volumes of grass and silage required per animal and current prices. To
enable comparison between a scenario in which no climate change occurred, the cumulative
discounted costs assuming the current ratio between grass and silage continued was calculated
for each time point.

Table 1. The percentage change in annual average monthly precipitation and the increase in
annual average daily mean temperature from baseline conditions for each of the ten regions.

Regions annual average monthly annual average daily mean

precipitation temperature

(% change) (°O)

2020 2050 2080 2020 2050 2080
Scotland -0.8 -1.7 -2.9 0.7 1.5 2.7
Wales -2.7 -5.7 -10.1 0.9 1.8 32
East Midlands 2.3 -4.8 -8.4 0.9 1.9 3.4
East of England -2.3 -4.9 -8.6 0.9 2.0 3.5
North East -1.7 -3.6 -6.3 0.8 1.7 3.0
North West -1.9 -4.0 -7.0 0.8 1.7 3.1
South East -2.5 -5.4 9.5 1.0 2.1 3.6
South West -2.8 -6.0 -10.5 0.9 2.0 3.5
West Midlands -2.8 -6.0 -10.5 0.9 1.9 3.4
Yorkshire & Humber -2.1 -4.5 -7.8 0.8 1.8 3.1

Results and discussion

The predicted changes in temperature and precipitation for each of the time-slices, and for
each of the regions modelled are shown in Table 1. The effects of climate change on farms
that rely on grass production will, in almost all systems and regions, lead to a potentially
longer grazing period. The predicted increase in annual grazing period between the baseline
and 2080 differs between regions and varies from 3.2 weeks on dairy farms (range: 1 to 5
weeks), to 1.8 weeks on beef farms (range: -2 to +5 weeks) and 2.9 weeks on sheep farms
(range: 1 to 7 weeks) through earlier grazing. In most regions this will allow animals to be
kept outdoors for longer, and it means there is a potential reduction in the proportion of the
year that animals require housing and/or access to conserved forages. Proportionally, the
changes in length of the grazing season are generally more substantial in northerly than in
southerly regions.

Climate change is also predicted to lead to increased grass growth per hectare. The predicted
increase in annual usable grass DMY per hectare between the baseline and 2080 differs
between regions and varies from +1.2 t on dairy farms (range: 0.4 t to 2.4 t), to 1.5 t on beef
farms (range: 1.0 t to 2.3 t) and 2.3 t on sheep farms (range: 1.7 t to 2.9 t). Proportionately, the
increase is predicted to be strongest on sheep farms, and the increase tends to be higher in
northerly compared to southerly regions on all farm types. The cost benefit results indicate
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that a changing climate may actually lead to a saving in forage costs to the dairy, beef and
sheep sectors of £42m, £5m and £90m respectively by 2080. This is, however, less than a one
percent change from base situation for the dairy and beef systems and three percent for the
sheep systems, which are clearly not significant over a 70-year period.

To show effects of climate change, as opposed to adaptation to climate change, the models
used to predict grass growth and farm outcomes were based on constant other characteristics.
For the interpretation of the results presented above it is, however, important to keep in mind
that other changes are expected to occur in the considered time span that will affect the
magnitude or even the direction of the changes that were predicted. These include the
application rate of fertilisers and productivity of the livestock, as well as livestock numbers
remaining at the predicted 2020 levels until 2080. An increase in fertiliser application is,
therefore, expected to magnify the changes in length of the grazing season, grass yield,
stocking rate, grass as a proportion of forage consumed in the direction as predicted by our
current models. Proportionally, the changes in length of the grazing season are generally more
substantial in northerly than in southerly regions In addition, other forages (notably forage
maize) is expected to play an increasing role at the expense of grass in farming systems where
at present these are not favoured because of climatic conditions (especially temperature
limitations).

Conclusion

UKCIPO02 does not describe extreme events in any detail, although it is projected that extreme
flooding events, heats waves and storm conditions are more likely to occur in the future. It is
these extreme events that are likely to have a greater impact on livestock production systems
than the gradual change in climate described in the UKCIP02 data series. Nevertheless, the
study does highlight that the impacts of climate change, particularly in the UK, are not all
likely to be negative.
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Abstract

Grasslands have historically constituted the main source of forages for dairy cattle in the
Basque Country. However, the intensification of dairy production has minimized the use of
grass-based feedstuffs on commercial farms. Rations are currently formulated on crude
protein (CP) content basis, with a high use of concentrates. The use of concentrates is related
to increasing ammonia (NH;3) accumulation in stalls, but little is known on how CP content
may affect methane (CH4) concentration. The aim of this study was to relate the protein
nutrition of lactating dairy cows and the CH, concentration in dairy stalls. Three total-mixed-
ration diets were formulated whose CP contents were 14.1%, 15.9% and 16.9% for low (LP),
medium (MP) and high protein (HP) treatments, respectively. Three Holstein cows were
confined to metabolic tie-stalls for individual control and CH4 monitoring. Methane
measurements were made either in situ in the stall or in the laboratory through slurry
incubations at different temperatures. CH4 concentration in the stall was measured using a
photoacoustic gas analyser. Results showed no effect of dietary CP content on the CHy4
concentration in tie stalls whereas CH4 concentration increased with increasing temperatures
in the laboratory. Dietary protein manipulation was not a successful strategy to alter CH,4
accumulation in stalls in our conditions.

Keywords: dairy cow, methane, nutrition, protein, stall

Introduction

Grasslands have historically constituted the main source of forages for dairy cattle in the
Basque Country (northern Spain). However, the intensification of dairying activity has
minimized the use of grass-based forages (silages and hays) on commercial farms (Arriaga et
al., 2009). As a consequence, concentrates are being largely used as energy and N sources in
dairy cattle nutrition. From an energetic point of view, the amount and type of concentrate
used for cow nutrition is related to enteric methane (CHs) formation (Johnson and Johnson,
1995). However, rations are more usually formulated on a crude protein (CP) content basis,
with concentrates of varying N contents. In this sense, little is known on how CP nutrition
may affect CH4 concentration, directly or indirectly. The aim of this study was to relate the
protein nutrition of dairy cows to the CH4 concentration in dairy stalls.

Materials and methods

Three first-lactation Holstein cows (210 + 12 days in milk, 644 + 8 kg body weight) were
randomly assigned to three diets in a 3 by 3 Latin Square design. Cows were held in separated
metabolic tie-stalls. Stalls were slatted floor, and a slurry store was placed under each
metabolic unit (0.51m?). Total mixed rations were formulated to be isoenergetic and contain
three levels of CP (low, medium and high) on a DM basis (LP: 14%; MP: 16%; HP: 17%).
Maize silage and alfalfa hay were used as forage sources and concentrates were formulated
with varying amounts of soybean meal to fit the CP content of diets. Feedstuffs were analysed
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for dry matter content, ash, fat, CP and neutral detergent fibre (NDF). Non fibrous
carbohydrates were estimated as 100 — (fat + CP + ash + NDF) (Table 1).

Table 1. Chemical composition of dry matter (DM) in low (LP), medium (MP) and high (HP) crude
protein diets.

Temperature LP MP HP
CP in DM, g kg 141 159 169
NDF in DM, g kg 377 373 368
ADF in DM, g kg 206 208 211
Fat in DM, g kg’ 37 39 39

NFC in DM, g kg 346 335 343
Ash in DM, g kg 99 94 79

The stall (30 m?) was naturally ventilated, where air flow was passing from an air opening on
the western wall (2 m?) to the stall access door (5 m?) located on the eastern wall. However,
when gases were measured the door was always closed to avoid the lateral air flow through
metabolic tie-stalls. Metabolic tie-stalls were physically separated by 1 m high cemented
walls. Concentrations of CHs were measured using a photoacoustic infrared gas analyser
(Briiel and Kjaer 1302, detection limit 1.5 ppm). Gases were measured through a Teflon tube
at 15 cm distance over the barn floor. The teflon tube was repositioned 30-50 cm behind each
cow until a steady-state value was reached.

In order to simulate the effect of temperature on CH4 production from different CP diet-
derived slurries, a slurry incubation experiment was carried out in the laboratory at 3
temperatures (4 °C, 19 °C and 29 °C) for 40 minutes. The minimum temperature represented
the mean temperature in winter in the Basque Country, 19 °C the mean temperature in
summer period, and 29 °C a typical hot summer day in the territory. Incubations were carried
out inside a plant growth chamber (Sanyo MLR-351H Plant Growth Chamber). Slurry was
created mixing 60 g of fresh faecal samples and 30 mL of non-acidified urinary samples (2:1
ratio) into a 1-L glass jar. The jars were sealed with lids fitted with rubber stoppers in which
one Teflon tube was inserted and connected to a photoacoustic infrared gas analyser (Briiel
and Kjaer 1302).

On-farm and laboratory datasets were analysed by SAS 8.0 (SAS Inst., Inc., Cary, NC, 1999),
using the PROC MIXED procedure. Data were previously analysed for normality by the
Shapiro Wilk test to ascertain the equal variances assumption. Data from manure incubation
were base-10 log transformed to fit the normality test. Two model sets were used for
statistical analysis. First, a model was carried out to test the effect of the diets on on-farm CHy
concentrations. In this model, diet was the fixed effect and animal was used as a random
effect. The interaction of diet and animal was studied. The second model was used for
laboratory CH4 concentrations and included diet and temperature as fixed effects, and animal
as a random effect. The interaction between diet and temperature was also analysed.
Differences were analysed by least squares means, and if differences were relevant, the LSD
test was used to determine significant differences among treatments. Differences among
treatments were considered significant at P < 0.05.

Results and discussion

Feed DM intake did not differ among treatments and averaged 19.4 kg d™'. Forage:concentrate
ratio was established around 50:50 for all diets. As expected, CP intake differed between
treatments (P < 0.05) and ranged between 438.6 and 522.8 g d”' N. Milk yield increased with
a higher CP content of the rations (P < 0.05) and averaged 24.2 kg d”' in HP, 23.7 kg d”' in
MP diet and 22.1 kg d'in LP diet. On-farm CHy4 concentrations did not respond to the
different dietary CP levels (P > 0.05). LP treatment averaged 63.5 ppm (SD 19.0), MP 66.0
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ppm (SD 21.3) in the MP and 53.3 ppm (SD 8.3) in the HP diet. These concentrations
spanned the range of gas concentrations expected for a typical dairy barn, which may vary
from 15 ppm to 500 ppm of CHy (Kinsman et al., 1995). Methanogenesis and subsequent CHy4
production and emissions in slurry depend strongly on temperature (Husted, 1994). However,
no relationship was established between air temperature and CHy4 concentration in the current
study (P > 0.05). Mean temperature in the stall was 14.6 °C, ranging from 12.6 °C to 18.0 °C,
and this range might have limited a likely positive effect. Nevertheless, when slurry was
incubated at different temperatures in the laboratory, CH4 concentration increased with
increasing temperatures (Table 2). On average, CH4 concentration increased 3.5 ppm by
increasing temperature unit for all diets. As mentioned above, dietary treatments did not affect
CHy,4 concentration at laboratory level.

Table 2. Effect of temperature on CHy4 concentration (ppm) in incubated jars (mean and s.d.)
H

Temperature LP MP

4°C 56.9" (14.3) 52.7*(21.8) 46.0" (6.9)
19°C 82.8°(22.1) 69.7" (27.9) 73.7" (24.8)
29 °C 131.0° (48.6) 154.1° (101.1) 130.0° (106.5)

*>¢Djfferent superscripts within the same column indicate significant differences (P < 0.05).
LP, MP, HP: see Table 1

Conclusion

Based on the current results, it may be concluded that dietary protein manipulation did not
have effect on CHs accumulation in stalls. Temperature was found to increase CHy
concentration by 3.5 ppm per temperature unit in laboratory incubations.
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Abstract

The COUP — ENGNOR ley crop model for calculating fodder dry matter (DM) production
was calibrated on data from field trials in southern Norway. By including a function for
herbage net energy contents, in feed units lactation, the net energy production was estimated.
Potential ley production at Fokstua (62" N, 970 m a.s.l.) for the period 1961-1990 was
compared with that of a Hadley A2 climatic scenario for this site during the period 2071-
2100. The scenario projects a temperature increase of 2-3 °C, and a lengthening of the
growing season by approximately 12 months, implying an appreciable increase in DM and
fodder net energy production potential. The change would allow a new harvesting regime,
with a relatively early first cut and two seasonal cuts. Impacts of the increased production
potential in the mountainous districts of southern Norway towards the end of this century are
considered. The value of ley plant breeding towards optimal combination of late seasonal
growth with maximum winter hardiness will still be imperative.

Key words: Climatic change, crop model, feed net energy, ley, regrowth, timothy.

Introduction

A large part of the Norwegian land reserves that are classified as reclaimable, i.e. with soil of
depth and quality suitable for cultivation, lies in the mountainous regions of the south-eastern
parts of the country at altitudes of 600-1100 m a.s.] (Grenlund, 1990). As the future
temperature increases, as most relevant climatic scenarios indicate, cultivation at higher
altitudes will be feasible and more profitable than today. Thus, considerable areas in south-
east Norway may be available for increased food production. We have explored potentials and
possible challenges encountered when extending fodder production to higher altitudes under a
future climate.

Materials and methods

The analytical tool of this work has been the COUP — ENGNOR crop modelling system, in
which the COUP model (Jansson and Karlberg, 2001) simulates soil moisture and crop water
uptake based on daily values of global radiation, temperature, precipitation, relative air
humidity, and wind speed. These data were the inputs to simulations of plant production by
the ENGNOR model (Baadshaug and Lantinga, 2002), which calculates total and harvestable
ley yield from temperature, radiation, and soil moisture supply. The present model has been
calibrated to weekly observations of growth rates of first and second growths of the two
Norwegian timothy cultivars Grindstad and Engmo at the Norwegian University of Life
Sciences' experimental farm (59.7° N, 80 m a.s.l.). Results from recent Norwegian field
experiments allow calculation of herbage net energy concentration in milk production (FEm
kg DM) (Bakken ef al., 2009). The projected future climate of the site Fokstua (62° N, 970
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m a.s.l.) in this study is from downscaling the atmosphere-ocean general circulation model
HadCM3H (from the Hadley Centre) with emission scenario A2 (Engen-Skaugen, 2007).
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Figure 1. Estimated yields of DM and net energy units (FEm) by the ENGNOR crop growth
model: (A) Spring growth and regrowth of a timothy ley at Fokstua (62°N, 970 m a.s.l) for the
period 1961-1990. (B) DM yields of a two cutting regime for the scenario period 2071-2100.
(C) DM and FEm yields for the period 2071-2100 by an early first harvest. (D) Early cutting
regime comparison of regrowth DM yields between the common Norwegian timothy cultivar
Grindstad and the extremely hardy one, Engmo.

Results and discussion

The Hadley A2 scenario indicates only minor changes in precipitation, whereas the air
temperature will increase by 2-3 °C, implying a lengthening of the growing season by
approximately 12 months. The appreciable effect of this change on the DM yield potential is
seen from Fig. 1 A and B. The total yearly DM yield gains in the "new" climate were 41 and
49 % for early and late first-harvest, respectively. Thus, the DM yield loss by an early first
cut, was not fully compensated by a better second growth. Due to the relatively low rating of net
energy content in the second growth, the corresponding gains in total yearly FEm yield (not
shown in the Fig 1B) were somewhat lower than for DM, 37 and 32 %. So, the superior quality
obtained by an early first cut more than outweighed the loss in DM yield. In modern milk
production practice, an early cut is most important to meet the high net energy concentration
demand of a high yielding dairy cow. In addition, an early first harvest favours a maximum
yield of protein, the concentration of which will decrease rapidly with developmental stage
of the ley crop. The yields of DM and FEm for the early cut alternative (Fig. 1B) are shown
in Fig. 1C.
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The results in Fig. 1 A-C are relevant for the timothy cv. Grindstad, which, however, is usually
not considered sufficiently winter-hardy for the highest altitudes. When choosing Engmo, a
very hardy cultivar, to secure maximum winter survival, the yield gain from the warmer climate
was somewhat reduced due to the less vigorous second growth of this far-north adapted cultivar
(Fig. 1D). The gain in yearly DM yield when choosing this cultivar, was reduced from
Grindstad’s 41 to 26 percent, and that of FEm yield (not shown in Fig. 1D) from 37 to 23
percent. Such a choice can be necessary even in the future, since the climatic change may lead
to impaired wintering conditions for perennial ley crops. The main problem will probably be
warm spells during the winter, which may occur in the more variable climate that is also
expected, and imply risk for ice crust formation on the grass fields. Therefore, in the case of
timothy ley culture, hardy cultivars will probably still be highly relevant, to the cost of reduced
seasonal yield whenever more than one harvest is practised.

Conclusions

Our predictions suggest that the projected climatic charge will strongly increase the
agricultural production potential of the mountainous areas of Norway. However, combining
vigorous regrowth and sufficient winter hardiness is also likely to remain a challenge under the
projected climate change.
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Abstract

Since the Climate Change Convention (UNFCCC, 1994) and the Kyoto Protocol (1997)
intergovernmental mitigation of climate change has become an increasing concern for
scientists, public opinion and policy makers. We investigated biosphere-atmosphere
interactions on a light loam soil (Calc(ar)i-Endohypogleyic Luvisol) in different managed
grassland ecosystems of the training farm of the Lithuanian University of Agriculture in 2009,
within the frame of a European COST Project. The objective of this investigation was to
determine the impact of fertilizers, their rates and combinations on GHG emissions and
productivity of natural and sown grassland.

GHG emission measurements were run in June-September, when meteorological conditions
were optimal for intensive plant and soil biota physiological processes, in the absence of frost
stress. In this study we compared fertilized natural and sown grasslands by using GHG
emissions as indicator. This revealed stronger positive correlation (r = 0.8) between applied
monomial Ngo_p4 fertilizers on GHG fluxes than of complex NPK fertilizers (r = 0.7) in both
natural and sown grasslands. Our results imply that N,O emissions (0.02 mg h” m™) were the
same in natural and sown grasslands. Nonetheless, CO, and CH,4 emissions were less by 3.09
mg h”" m?and 0.01 pg h™' m™, respectively, in sown grassland, when the same fertilizer rate
(N130P41K125) was apphed

Keywords: GHG emission, grassland, fertilization

Introduction

Change of land management and intensification of agricultural production contribute
significantly to anthropogenic greenhouse gas (GHG) emissions, accounting for a global flux
of 6.1 Pg yrﬁ1 CO»-eq which represent 10-12% of the total anthropogenic emissions (Smith et
al., 2007). The main emissions of GHG by agro-ecosystems are N,O and CO, fluxes between
soil-plant systems and the atmosphere, and methane exchanges, mainly in animal husbandry.
Depending on N fertilization, arable soils are responsible of producing 60%, or 2.8 Pg yr'
CO,-eq, of the global anthropogenic emissions of N,O. Agriculture contributes 9% GHG
emissions in EU.

Grasslands and fertilized areas occupy about 20% of the Earth’s land surface, generating
considerable GHG emissions and increasing global climate change. Grasslands also form a
significant part (1.2 x 10° ha, or 50%) of agricultural lands in Lithuania. Abandoned
grasslands comprise over 40% of total grasslands in Lithuania, and these territories should be
preserved from degradation. Fertilization conserves soil fertility, thereby allowing extensive
use, which in turn prevents re-forestation. The objective of this investigation was to determine
the impact of single and complex fertilizers, their rates and combinations on GHG emissions
of natural and sown grasslands.

Materials and methods

Field experiments were carried out on fertilized natural and sown grasslands at the training
farm of the Lithuanian University of Agriculture (54.52 N, 23.50 E), Kaunas district. The soil
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was Calc(ar)i-Endohypogleyic Luvisol), light clay loam topsoil over silt loam (artificial
drainage). The humus horizon was 25 cm deep, soil pH was 6.97, humus content was 2.51%,
P 105.6 mg kg, and K 103.3 mg kg™ Soil samples were taken from 0-10 cm depth layer in
triplicate with an auger. Soil pH was recorded potentiometrically using 1 N KCl extraction,
mobile P and K (mg kg of soil) by the Egner-Riem-Domingo method. The N and NPK
(synthetic fertilizer) application scheme with 4 replications (each plot 10 m?) in the natural
sward was: Control (0); Neo; Ni20; Nigo; N2ao; NigoPar; NigoKi2s; NeoP14Kaz2; NigoP41Kias. The
sown grassland was fertilized with N;goP41Kj25. P and K were applied before the vegetation
period in early spring; N fertilizer was applied at two times: end of April and after 1* cut
(beginning of July). Grassland productivity (g m™) was determined by weighing (g m™” per
treatment) fresh mass yield (in June and August) and obtaining dry matter yields (DM) after
drying (105 °C). GHG emissions were monitored by a static chamber method using circular
chambers (radius = 0.43 m, 0.05 m™) that were placed on permanently installed collars (10 cm
deep), with 6 replicates per treatment (Breuer et al., 2000). On each sampling date, the
chambers were closed with an airtight lid, and the head space was sampled 3 times over a
period of 2 hours. The measurements were done every 1-3 weeks between July and
September in the absence of frost stress. The gas samples were analysed in the laboratory by
an infrared gas analyzer (MGA3000). Daily net ecosystem CO,, CH, and N,O exchange (mg
h™' m™) were calculated by integrating the 60-minute fluxes determined by the meteorological
measurements over each day.

Thermal and irrigation conditions during vegetation were characterized by the sum of
monthly precipitation and active air temperature (>10 °C), accordingly to G. Selianinov
(1928) hydrothermal coefficient (HTC). HTC was high in June and August (HTC = 2.0 and
4.0), indicating moisture abundance, optimal in July (HTC = 1.6), and low (HTK = 0.9) in
September 2009, indicating dry conditions.

Results were evaluated by ANOVA using the Statistica package. The confidence limits of the
data were based on Student’s theoretical criterion. Standard error (SE) was calculated at the
level of statistical significance P < 0.05.

Results and discussion

Observed GHG emissions decreased during the vegetation period from June till September in
parallel with decreasing soil moisture (HTK decreased from 2.0 to 0.9 and the lowest HTK
was recorded in September in natural and cultural grasslands (Fig. 1). The highest monthly
mean CO; emission (2.17 (Control)-11.04 (N;50P41K25) mg h! m’z) was induced presumably
due to an ample C content in the soil and microbial activity stimulated by fertilizing. CHy4
emission was negligible during measurement periods possibly due to good drainage. Strong
and medium cross correlation confirmed the response of CO,, N,O and CH4 emission to soil
pH (»=0.6; 0.7 and 0.4 respectively) and soil moisture (» = 0.5; 0.7; 0.4 respectively).
Anthropogenic GHG fluxes from grasslands also significantly corresponded to inputs and
forms of applied fertilizers. Impact of applied monomial Ngg 249 fertilizers on increase of all
GHG fluxes was higher (» = 0.8) than that of complex NPK fertilizers (» = 0.7). Mean
emissions of productive (14.7 t ha™) and intensively fertilized (N 30P41K25) cultural grassland
did not exceed emissions of fertilized natural swards. Though fertilizing increased grass yield
(190.2 and 767.3 g m™ in Control and NisoPa1Ki2s, respectively), it decreased the share of
legumes and augmented emissions in natural grassland. In order to mitigate emissions,
appropriate fertilizer rates should not exceed NgoP14Kas. Such fertilization conserves soil
fertility, thereby allowing extensive use by grazing using undemanding cattle (or sheep or
goats), which in turn prevents establishment of the climatic cenosis (i.e. forest) in natural
grassland.
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Figure 1. CO,, N,O and CH4 exchange between crops and atmosphere in natural (Control -
NigoP41Ki25) and sown grasslands (N;goP41K25) (mean + SE)

Conclusions

CO,, N,O and CH4 mean emissions were nearly the same in natural and sown grasslands
when the same fertilizers rate (N130P41K25) was applied. Emissions depended on nitrogen (» =
0.8) and NPK (r = 0.7) fertilizer rates and were influenced by abiotic environmental factors
(soil pH and moisture, rainfall, mean day temperature). Therefore, fertilizer rates should not
exceed NgoP 14Ky, in order to mitigate emissions from natural grassland and to conserve soil
fertility.
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Abstract

Daily carbon gain of a C3 (Lolium perenne L.) and a C4 (Paspalum dilatatum Poir.) species
growing in a mixed dense canopy was assessed at the end of summer, in Argentina. Chambers
of transparent acrylic glass received '*C-enriched CO, continuously from 12:00 to 19:00 on a
given day. Immediately after labelling, samples were harvested and carbon gain was
estimated as plant carbon mass times the proportion of newly assimilated carbon. P. dilatatum
contributed more than L. perenne to both canopy standing biomass (164 vs. 22 g per m’
ground) and canopy carbon gain (830 vs. 120 mg C per m” and per h). Both species showed a
similar ability to capture carbon per unit canopy mass (P. dilatatum=5.1; L. perenne=5.5 mg
C per g C and h), which suggested that the C3/C4-grasses composition of the canopy was not
changing. Tiller-level analysis revealed that in both species big tillers captured more carbon
per unit mass than small tillers (asymmetric competition), and that the C3 and C4 grass
species achieved a similar relative photosynthesis rate (mg C per g C and h) in different ways:
high gross assimilation rate (mg C per m” and h) in P. dilatatum, and high leaf area ratio (m?
per g C) in L. perenne.

Key words: C3 and C4 grasses, '*C-labelling, carbon gain, competition.

Introduction

Understanding the competition between C3 and C4 grasses is important because of the strong
influence that the balance between these two functional groups has on ecosystem function
(Wedin and Tilman, 1996). Understanding of the mechanisms determining the C3/C4 balance
of dense canopies is emerging from studies of carbon gain based on leaf level photosynthesis
models (e.g. Anten and Hirose, 2003). In this study, daily carbon gain of C3 (Lolium perenne
L.) and C4 (Paspalum dilatatum Poir.) plants growing in a mixed dense canopy was measured
with a novel approach based on "*C-labelling. The aim was to analyse the partitioning of
canopy carbon gain between the two species, and the role of the amount of leaf area per unit
mass (LAR) and of carbon gain per unit leaf area (GAR) in determining the relative
photosynthesis rate (RPR) of individual tillers in the canopy.

Materials and methods

The experiment was carried out in the southeast of the Pampas region, in Argentina (37°45'S,
58°18'W), at the end of summer (15/03/08). The soil was a loam Mesic Fine Typical
Argiudol, with an A horizon of 25 c¢m, 62 g kg™ organic matter, and pH 6.2, a textural B
horizon, which presented no impediments to plant growth. Nutrients and water availability
were high. Four chambers of transparent acrylic glass (0.3 x 0.6 x 0.3 m) were placed on a
dense canopy (leaf area index=4.0; canopy height=28 cm) composed largely of a mixture of
L. perenne (a C3 grass) and P. dilatatum (a C4 grass). The chambers received *C-enriched
CO; (8"C=398%o) at 380 umol mol™ during a 7-h labelling period (from 12:00 to 19:00 h).
Air temperature during labelling averaged 25 °C, incident photosynthetically active photon
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flux density averaged 1326 pmol m” s, Immediately after labelling, 30 individual tillers per
species were harvested and photographed. Further, total aerial biomass was sampled in two
quadrats (0.2 x 0.2 m) and L. perenne and P. dilatatum plants were separated. Tillers
harvested outside the labelling chambers served as unlabeled reference material for "*C
content. Immediately after harvest, samples were dried at 60 °C for 72 h, milled, weighed into
tin cups and analysed by isotope ratio mass spectrometry to obtain carbon content and *C/"*C
isotope ratio. Blade area and extended height (length of the pseudostem + length of the
youngest fully expanded blade) of each tiller were estimated by image analysis. The
proportion of newly captured carbon per unit carbon mass (fi.,) was estimated as, fia, = (L -
U)/(N - U), where L and U are the 3C content of labelled and unlabelled plants, respectively,
and N is the "°C content of plants grown continuously with the BC-enriched CO,. The latter
was estimated assuming invariant discrimination between plants growing outside and inside
the chambers (Schnyder ef al., 2003). fi.p is closely related to gross photosynthesis rate (RPR),
as little tracer was respired and transferred belowground during the labelling period. Thus we
equated fi,, with RPR. The allometric relationship between blade area (A) and tiller carbon
mass (M), A = o MP, fitted by standardised major axis regression of log(A) = log a + B log
(M), served to derive leaf area ratio (LAR, m* per g C) as o M*'. Gross assimilation rate
(GAR, mg per m* and h) was then estimated as fj,,/LAR.
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Figure 1. Relationships between tiller size and (a) relative photosynthesis rate, (b) leaf area
ratio, (c) gross assimilation rate; (d) relationship between extended tiller height and relative
photosynthesis rate; and relationships between relative photosynthesis rate and (e) gross
assimilation rate and (f) leaf area ratio of individual L. perenne (filled circles) and P.
dilatatum (open circles) tillers. Lines in (a), (e) and (f), indicate the relative photosynthesis
rate of total aerial biomass of L. perenne (continuous) and P. dilatatum (dotted) in the canopy.

Grassland in a Changing World 49



Results and discussion

P. dilatatum (C4) contributed more than L. perenne (C3) to both standing biomass (164 vs. 22
g C per m® ground) and canopy carbon gain (830 vs. 120 mg C per m” ground and h).
However, both species showed a similar ability to capture carbon per unit mass (RPR, P.
dilatatum=5.1; L. perenne=5.5 mg C per g C and per h). This relationship, referred to as
symmetric competition because species accumulated resources in direct proportion to their
size (Weiner, 1990), means the balance between C3 and C4 species did not change.

In both species, smaller tillers had a lower RPR than bigger tillers due to very low GAR not
fully compensated by increased LAR (Fig. 1a,b,c). This probably resulted from their short
stature and consequent subordinate (i.e. shaded) position within the canopy (Fig. 1d). This
situation of asymmetric competition (cf. Weiner, 1990) implied that the difference in size
among individuals was increasing, meaning that in both species the smaller tillers were being
self-thinned. In agreement, in both species the canopy-level RPR was slightly higher (1.1
times) than the RPR of the average tiller (Fig. 1a).

In P. dilatatum, RPR increased up to a tiller size of ~70 mg C per tiller (~30 cm extended
tiller height). Above that it was stable or even decreased (Fig. la,d). This was due to a
decreasing LAR (a consequence of the increased size) and to a stabilisation, or slightly
decrease, of GAR (Figs. 1b,c). The latter response may reflect a stabilisation in light
interception per unit area, suggesting that increments beyond this extended height either led to
minor improvements in the light environment. In fact biggest tillers of P. dilatatum, had an
increasingly extended height, but they were not taller than canopy height (28 cm).

Contrasting mechanisms explained the similar canopy-level RPR of these two competing
species: P. dilatatum showed higher GAR and L. perenne higher LAR (Figs. le,f). Higher
GAR in the C4 species may be due to the higher photosynthetic capacity of C4 plants at 27°C
(Long, 1999). Higher LAR in L. perenne than in P. dilatatum tillers was due in part to an
intrinsically higher blade area per unit mass (scaling coefficient o = 1.13 vs. 0091,
respectively), but mainly to their smaller size, as in both species, as tillers grew bigger less
blade area was produced per unit tiller carbon mass (scaling exponent § = 0.721).

In conclusion, combining carbon gain data at canopy- and at tiller-level indicated that a
presumably stable C3/C4-grasses composition of the canopy can be achieved through
different mechanisms: less carbon investment per unit leaf area in L. perenne, and higher
carbon gain per unit leaf area in P. dilatatum.
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Abstract

We used AFLP (amplified fragment length polymorphism) markers to analyse changes in
population genetic differentiation (‘genetic shift’) over time in red and white clover
germplasm, and to assess the effect of contrasting sites (Iceland, Sweden and the UK) on the
magnitude of these changes. The AFLP technique successfully identified populations in,
which genetic shift had occurred. The clearest evidence of this was in Sweden within the short
time span of three years. This site showed the greatest annual amplitude in temperature during
the experiment and was also the driest, and one or both of these factors may have exerted
strong directional selective pressure on the populations grown there.

Keywords: AFLP markers, forage legumes, genetic shift

Introduction

Extending the use of forage legumes through plant breeding requires not only the exploitation
of a wider range of genetic diversity but also information about the rate and direction of
genetic change within populations being cultivated at the margin of their natural species
distribution, e.g. in the cold regions of Northern Europe. The process of adaptation in plant
populations implies changes in allele frequency in response to environmental changes (Pérez
de la Vega, 1997), and this is commonly referred to as ‘genetic shift’. Environment plays a
major role in determining the genetic structure of populations, and it appears that the
outbreeding propensity and generally high levels of genetic heterogeneity found in red and
white clover favour the occurrence of genetic shift in morpho-physiological traits in response
to environmental factors. However, genetic diversity within populations of cultivated crops is
often reduced in variety breeding programmes due to strong selection for phenotypic
uniformity (Hagen and Hamrick, 1998) and this could affect their adaptive capacity. The
creation of forage legume populations in which morphological diversity has been greatly
increased is a strategy that could be used to improve yield stability in environments that are
prone to periods of biotic or abiotic stress (Annicchiarico and Piano, 1997). In this project we
used AFLP markers to analyse population genetic structure in red and white clover
germplasm differing in morphological diversity, and to assess whether cultivation of this
germplasm in contrasting sites over a number of years produced genetic shift.

Materials and methods

AFLP markers were used to assess the genetic diversity within and between red and white
clover populations grown at three sites: Iceland (IS) (Korpa: 64°09'N, 21°44'W; 30 m a.s.l.),
Sweden (SE) (Svalov: 56°55'N, 13°07'E; 55 m a.s.l.) and UK (AB) (Aberystwyth: 52°26'N,
4°01'W; 30 m a.s.l.). Meteorological data for each site were recorded over the duration of the
experiment. Average daily values for rainfall, minimum, mean and maximum air
temperatures, and daily growing degree days (DGDD; base temperature = 5 °C) were
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obtained for winter, spring, summer and autumn. At each site monoculture plots of red and
white clover were established from seed of (i) one single variety of each species; (ii) wide
genetic base (WGB) composite populations of each species, comprising ‘Central European’
(WGB-C) and ‘Northern European’ (WGB-N) populations (Frankow-Lindberg et al., 2009).
The four WGB populations were constructed at IBERS, Aberystwyth (UK) from a mixture of
commercial cultivars and gene pool material and were thus morphologically diverse. The
‘WGB-N’ populations of both species were sown in IS, ‘WGB-C’ in the UK and all four
composite populations in SE. After three to five years, depending on site, leaf samples were
collected from random survivor genotypes within a subset of the sown populations. In IS
samples were collected from the white and red clover WGB-N populations, and from the
white clover variety Norstar (N). At this site samples were also collected from a ‘wild’
population of white clover adapted to local conditions (W). In SE samples from red clover,
survivors were collected from the populations WGB-C and WGB-N and from the variety
Fanny (F); samples from white clover survivors were collected from the populations WGB-C
and WGB-N and from the variety Ramona (R). In AB survivor samples were collected from
the red clover variety Merviot (M). The number of survivor genotypes sampled in each
population ranged from 31-96. ‘Original’ populations (O) within both species were created by
growing plants from seed in a glasshouse in IBERS, Aberystwyth, from the same seed-lots
used to sow the initial populations. All the “‘WGB original’ (WGB-O) populations comprised
96 genotypes; the single variety original populations comprised 31-48 genotypes. In each
population, samples of approximately 50 mg fresh weight were collected from one actively
expanding leaf per plant and total genomic DNA was extracted from this. Fluorescent AFLP
analysis was carried out on 100 ng of DNA from each sample using the procedures described
by Sket et al. (2005). The presence or absence of amplified bands was transformed into a data
matrix and analysed using the program AFLP-SURV, which estimated a number of
population genetic diversity and structure parameters. Here we focus on the proportion of the
total gene diversity occurring between, compared to within populations, (Fs?), calculated
according to the method of Lynch and Milligan (1994). A value of 1 indicates no alleles in
common between populations; zero indicates that they are identical.

Results and discussion

The three sites differed substantially in terms of climate. The magnitude of temperature
differences between sites was maximised using the parameter DGDD. The largest seasonal
fluctuations in DGDD were recorded in SE, which was also substantially drier than the other
sites. In red clover (Table 1a) the environment in SE produced convergence in AFLP markers
in both the WGB populations sampled at this site i.e. Fst between the WGB original
populations (0.039) was greater than that between the SE survivors (0.029). Similarly, in the
SE environment the genetic distance between the survivor population of variety Fanny and
both WGB survivor populations was reduced compared to the distance between the
corresponding original populations. However, the red clover WGB-N population sampled in
IS was more genetically different from that sampled in SE (0.087) than it was from the
original germplasm (0.076), indicating that there were different selection pressures acting on
it at these two sites. The red clover varieties Merviot and Fanny were clearly distinct both
before (0.092) and after (0.090) selection at their respective sites (AB and SE). A similar
pattern of genetic differentiation emerged in white clover (Table 1b): in both WGB
populations the survivors sampled in SE were more similar (0.037) than were the original
populations (0.047), whereas the WGB-N survivors from IS were genetically much closer to
their original population (0.03) than to the WGB-N survivors from SE (0.115). There was
evidence of genetic convergence between the survivor population of variety Ramona and the
two WGB survivor populations in SE. Survivor populations of the white clover varieties

52 Grassland Science in Europe, Vol. 15



Ramona and Norstar, selected in SE and IS respectively, were more genetically different from
each other (0.215) than were their original populations (0.189). The ‘wild” white clover
sampled in IS was genetically very different from all other white clover populations. Many
red and white clover populations cultivated in SE responded to this environment by
converging genetically. Cultivation in IS imposed selection pressure in a different direction to
SE. In general, WGB populations were more prone to genetic shift than were single varieties.

Table 1. Pairwise genetic differentiation (Fis?) between (a) red and (b) white clover original

(O) and survivor populations of varieties and WGB composite populations.
(a) Red clover

WGB-N-O WGB-N-IS WGB-N-SE WGB-C-O  WGB-C-SE M-O  M-AB F-O

WGB-N-IS 0.076

WBG-N- 0.077 0.087

SE

WGB-C-O 0.039 0.042 0.058

WGB-C- 0.099 0.087 0.029 0.058

SE

M-O 0.109 0.127 0.082 0.072 0.069

M-AB 0.096 0.099 0.064 0.066 0.063 0.016

F-O 0.108 0.138 0.074 0.082 0.090 0.092  0.086

F-SE 0.105 0.137 0.037 0.083 0.062 0.096  0.090  0.036
(b) White clover

WGB-N-O  WGB-N-IS ~ WGB-N-SE ~ WGB-C-O  WGB-C-SE  R-O R-SE N-O N-IS

WGB-N-IS 0.030

WBG-N-SE  0.106 0.115

WGB-C-O 0.047 0.052 0.085

WGB-C-SE  0.099 0.093 0.037 0.052

R-O 0.155 0.174 0.196 0.146 0.197

R-SE 0.155 0.174 0.057 0.132 0.089 0.172

N-O 0.071 0.065 0.127 0.095 0.127 0.189  0.195

N-IS 0.095 0.087 0.153 0.116 0.154 0202 0215 0.022
W-IS 0.210 0.208 0.248 0.213 0.260 0305 0301  0.169 0.136
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Abstract

The countries that have ratified the United Nations Framework Convention on Climate
Change have the obligation to report their greenhouse gas (GHG) inventories. Grasslands
cover about 30% of the area of the Basque Country, so the objective of this study was to
calculate, according to IPCC guidelines, emissions and removals in 1990 and 2008
concerning grasslands, that are included in the Agriculture and LULUCF (Land Use, Land-
Use Change and Forestry) sectors of GHG inventories, in order to provide valuable
information for developing research strategies and management practices to enhance C
sequestration in grasslands of the Basque Country. A total of 513 Gg CO,-eq was emitted
from the Agriculture sector related to grasslands in 2008 (31% lower than in 1990). Total
removals from the LULUCF sector related to grasslands in 2008 were 289 Gg CO»-eq (42%
lower than in 1990). Thus, considering Agriculture and LULUCEF sectors together, grasslands
were an emission source of GHG, emitting 224 Gg CO;-eq in 2008 (6% lower than in 1990).
Although not calculated, uncertainties were high, indicating the need for more research on
monitoring of land-use changes in grassland area (e.g. through remote sensing technology)
and on improving emission factors (particularly those related to organic carbon contents in
grasslands and to enteric fermentation).

Keywords: CO,, grassland, LULUCF, Basque Country, emission, removal

Introduction

The countries that have ratified the United Nations Framework Convention on Climate
Change (UNFCCC) have the obligation to report their GHG inventories, according to IPCC
guidelines, to the Secretariat of UNFCCC. These inventories must cover all the UNFCCC
sectors, including emissions from the energy, industrial processes, solvent and other product
use, agriculture and waste sectors and emissions and removals from the LULUCF sector.
Grasslands occupy around 220000 ha of the Basque Country (about 30% of the total area).
They may represent a major carbon (C) stock which can be increased by appropriate
management. The objective of this work was to estimate the emissions and removals related
to grasslands, because this could provide valuable insight for developing research strategies
and management practices in order to enhance C sequestration in grasslands and mitigate
GHG emissions in the Basque Country.

Material and methods

GHG emissions and removals related to grasslands were collected from the latest IPCC
guidelines prepared for Agriculture and LULUCF sectors (volume 4 from IPCC, 2006). To
provide a direct comparison of the effects of the non-CO, greenhouse gases relative to CO,
(COs-eq), each gas mass was multiplied by the Global Warming Potential (GWPoy of 1, 25
and 298 for CO,, CH4 and N,O, respectively).
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Agriculture sector

Emissions of methane from enteric fermentation in livestock, and methane (CHy4) and nitrous
oxide (N,O) emissions from manure management were estimated according to the IPCC 2006
methodology. The methods for estimating CH4 and N,O emissions from livestock require data
on livestock subcategories and annual populations, which were obtained from annual census.
However, only cattle, horses, goats and sheep were considered, because other livestock do not
graze and their manure is not applied to grasslands. Based on statistical information, an
average mineral N fertilization of 60 and 10 kg ha y' was considered for grasslands in 1990
and 2008, respectively.

LULUCF sector

Area data were multiplied by a carbon stock coefficient or ‘emission factor’ (default data
from IPCC, 2006) to provide the source or sink estimates. Based on information about land
area derived from agricultural census and forest inventories, areas of grassland remaining
grassland, and changes in land-uses categories concerning grassland, were obtained for 1990
and 2008. These areas were divided into three grassland classes (permanent grassland,
scrubland and other pastures) and into two climatic zones (warm temperate wet or dry); it was
assumed the same soil type (soils with high activity clay minerals, dominated by 2:1
minerals).

Grassland remaining as grassland includes managed pastures which have been under
grassland vegetation for 20 or more years. Land conversions include cropland or land-use
categories converted to grassland -or the inverse- within the last 20 years. In both cases the
GHG inventory involved estimation of changes in C stock from five carbon pools (above-
ground biomass, below-ground biomass, dead wood, litter and soil organic matter). Emissions
of non-CO, gases from grassland burning were not included.

Table 1. GHG emission and removal estimates (in annual CO,-equivalents) related to
grasslands. Removals with negative (-) sign and emissions with positive (+).
COxr-¢q (Ggy")

Source 1990 2008
CH, from enteric fermentation 461 336
CH, from manure management 74 36
N,O from manure management 23 19
N,O from direct soil emissions (DSE): synthetic fertilizers 29 5
N,O from DSE: manure applied to soils 36 27
N,O from DSE: N in residues returned to soils 13 10
N,O from indirect soil emissions (ISE): N excretion on pasture 42 39
N,O from ISE: atmospheric deposition, leaching and run-off 61 41
Total emissions of Agriculture sector derived from grassland 739 513
CO, from grassland remaining grassland (GG) 0 - 120
CO, from forest land converted to grassland (FG) 14 10
CO, from cropland converted to grassland (CG) -513 -51
CO, from grassland converted to forest land (GF) 0 - 135
CO, from grassland converted to settlements (GS) 0 9
Total emissions/removals of LULUCF sector derived from grassland -499 - 288
TOTAL 239 224

Results and discussion

In 1990 and 2008, 68% and 56% respectively, of the emissions derived from the Agriculture
sector were removed by the LULUCF sector. Considering the Agriculture and LULUCF
sectors together, grasslands emitted 239 Gg CO»-eq in 1990; emissions were about 6% lower
in 2008 (Table 1).
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Regarding the Agriculture sector, a total of 739 Gg CO,-eq was emitted in 1990 from enteric
fermentation, manure management, and direct and indirect soil emissions derived from
grasslands. These emissions decreased by 31% in 2008, mostly due to the reduction of
emissions from enteric fermentation because there were fewer dairy cows in 2008. In both
years, enteric fermentation was responsible for more than 60% of the emissions and enteric
fermentation plus manure management accounted for more than 75% of the total emissions.
About 72% of emissions from grassland were in the form of CHa.

Total removals related to LULUCF sector in 1990 were nearly 500 Gg CO,-eq and decreased
by 42% in 2008, mainly due to a reduction of the cropland area converted to grassland, but
grassland continued being net sink. In 1990, conversion CG removed 513 Gg CO,-eq from
the atmosphere, but this removal decreased to 51 Gg CO»-eq in 2008. In 2008, conversion GF
was the most relevant activity for fixing CO, (135 Gg CO»-eq), followed by changes in the
proportions of permanent grassland, scrubland and other pastures (120 Gg CO»-eq from GG).
Therefore, in addition to changes between land-uses, changes in grassland management were
also important in 2008.

The influence of changes in grassland management could not be evaluated in 1990, due to a
lack of data. Hence it was assumed that proportions of permanent grassland, scrubland and
other pastures remained constant from 1971 to 1990 and, thus, the balance of emissions and
removals equalled zero for GG in 1990. Although not calculated, uncertainties of changes in
grassland area were very high, particularly in 1990. In fact, the role of technology like remote
sensing is under scrutiny given its potential for systematic observations and for the provision
of data extending back over several decades. The emission factors - mainly those related to
soil - were a second source of uncertainty that should be improved.

Conclusion

In the Basque country, grasslands were a net source of GHG because the net emissions of the
Agriculture sector were higher than the net removals of the LULUCF sector. Considering the
extent of grassland in the Basque Country and its potential as C sink, research efforts should
firstly improve estimates of land-use changes particularly for 1990 and, secondly, get better
emission factors (particularly those related to organic carbon contents in grasslands and to the
enteric fermentation).
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Abstract

Fertiliser value and trace gas emissions after application (CH4, N,O) of digestate are
evaluated. Biomass yields and trace gas emissions were measured at four levels of mineral N
addition over one growing season. Our results suggest that the mineral N in digestate is less
efficient for the support of plant growth than chemical fertiliser. However, digestate may have
environmental advantages, as total specific trace gas emissions were found to be lower.

Keywords: biogas, digestate, fertiliser, grassland, methane, nitrogen, nitrous oxide

Introduction

Digestate from biogas production could be used as a fertiliser (Braun, 2007), but may lead to
methane (CH4) emissions due to its population of methanogenic micro-organisms. The
objectives of our study are to establish the fertiliser value and trace gas emissions (N,O, CHy)
from digestate applied to permanent grassland in the Republic of Ireland. Results from the
first year are presented.

Materials and methods

The trial was laid out with four replicates on long-term set-aside grassland on sandy soil at
Oak Park near Carlow, a Teagasc research station. Mean annual temperature is 9.4 °C and
mean rainfall is 785 mm. Treatments consisted of four levels of mineral nitrogen (N)
application (equivalent to about 60, 120, 200 and 320 kg ha™), applied either as chemical
fertiliser (calcium ammonium nitrate, CAN) or as digestate, one combined treatment (320 kg
ha” N) and a control receiving no N fertiliser. The volume of digestate was based on its
concentration of mineral N (2.8 g I"' on average) rather than total N (5.4 g 1""). Digestate was
applied manually to the soil surface by a trailing shoe attached to a watering can. The
combined treatment received digestate on the first and third fertilisation and CAN on the
second fertilisation. Fertilisation was carried out in April, May and July in line with common
practice for a three-cut system in Ireland. P and K were added such as to be non-limiting.

For sampling of trace gases (CH4, N,0O), closed chambers were installed in the ON, 120N and
320N plots of both fertilisers and the combined treatment. Gas samples were usually
withdrawn 3 times after chamber closure, the first sample was taken immediately and
subsequent samples usually after 30 and 60 min. All samples were analysed as soon as
possible on a gas chromatographer (Shimadzu GC-2014). Gas sampling was concentrated
around the dates of fertiliser application and sampling was continued until the fluxes had
ebbed down to background. There was a total of 29 sampling occasions after the three
fertiliser applications. Trace gas fluxes were calculated for each plot and fertiliser application
by linear interpolation between the measured values to determine emissions per fertiliser
application. Global warming potentials were derived by converting these emissions into
COyeq. (Forster et al., 2007). Annual CO,, emissions were calculated by adding emissions
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from the three fertiliser applications. Specific emissions (kg t') were then calculated by
division by the respective annual dry matter (DM) yield.
Results and discussion

DM response to applied mineral N (Npin) was steeper for CAN than for digestate, but it
levelled off at the highest application rates (Figure 1).
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Figure 1. Dry matter yields (t ha™). Error bars show one standard deviation.

A possible explanation is volatilisation of ammonia (NH3) from digestate, which is an
important pathway of N loss from organic fertilisers (Wulf et al., 2002). However, NHj
volatilisation was not measured in this study. The highest yield was achieved from the
combined treatment. A possible explanation for the performance of the combined treatment is
improved N retention due to the organic carbon in digestate.

A steep increase in the environmental impact per tonne of biomass produced was observed
with increasing fertilisation (Table 1). CH4 peaks after digestate application were short-lived,
so the contribution of CHj4 to total emissions was negligible. In the 0 N and 120 kg CAN
treatment, specific emissions from N,O alone are higher than from N,O and CHy4 together.
This is due to a net uptake of CH4 in these treatments. N>O emissions did not follow a clear
pattern. They were especially high after the first application of CAN. Plots fertilised with
digestate showed lower release of N,O, which resulted in lower specific emissions of
greenhouse gases (Table 1). Rainfall in 2009 was high at 1124 mm, which may have affected
emissions of N>O via high soil water contents (Granli and Bockman, 1994).

Even though emissions from digestate application appear smaller than from CAN, one has to
keep in mind that the full greenhouse gas balance was not measured in this experiment. First,
linear interpolation between the samplings after fertiliser application probably represents an
underestimate of total fluxes because some peaks in emissions may have gone undetected.
Moreover, emissions were only recorded after fertilisation events. Second, the more vigorous
growth of grass under high fertilisation may have led to higher sequestration of C, thus
offsetting some of the emissions. Third, NH3 can contribute to indirect N,O formation
(Mosier et al., 1998) but was not measured. Therefore, there are unknown factors in the
greenhouse gas balance.

While the agronomic importance of early fertilisation of grassland in spring is stressed in
standard books (e.g. Finch ez al., 2002), our observation of large N,O emissions after the first
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fertilisation indicated that there may be environmental benefits to delay the first fertilisation
until the plants can efficiently take up the available N. Overall, it seems that digestate may
have good potential as a fertiliser on grassland, possibly in combination with chemical
fertiliser, but further research is required.

Table 1. Specific CO,eq emissions per tonne of dry biomass +/- standard deviation. Numbers
for the treatments indicate annual application of mineral N in kg. CAN chemical fertiliser
treatment, DIGESTATE digestate treatment, COMBINED combined digestate/CAN
treatment.

Treatment Specific emission from N,O alone Specific emission from N,O and
(kg th CH, together (kg t)
Control (0 N) 48+59 4.7+58
120 CAN 1145573 114.3+57.3
320 CAN 351.4+147.2 351.6 +147.5
120 DIGESTATE 123+4.6 12.6 4.6
320 DIGESTATE 64.1+£243 66.4 +£23.7
320 COMBINED 504+94 51.7+£9.8
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Abstract

Changes in land use represent one of the most important components of global environmental
change. An experimental site has been established in the Slovenian Karst (Submediterranean
climate region) with the aim to investigate the effects of land use change on ecosystem
carbon cycling. Paired eddy flux measurement design was used in order to assess net
ecosystem exchange (NEE) of two ecosystems: extensively used dry grassland and
abandoned grassland invaded by woody plants. The use of two eddy towers allowed us to
detect the influence of land use change on C fluxes. In this work we present one year of
measurements with the emphasis on distinct responses of NEE of both ecosystems to short
term effects such as rain pulses.

Keywords: calcareous grassland, eddy covariance, NEE, woody plant encroachment.

Introduction

The proliferation of woody plants in grasslands has the potential to profoundly influence
hydrology, biogeochemistry, biodiversity, and future land use options in the affected areas.
Many studies propose that it can lead to carbon storage in these ecosystems, but there are also
reports (Jackson et al., 2002) that woody plant encroachment into grasslands has resulted in
ecosystem carbon loss. There are limited reports on net ecosystem exchange (NEE) in
transitional areas where there is plant conversion from grasslands to woodlands (e.g. Scott et
al. 2006) which indicate the potential for increased carbon sequestration. However, in dry
regions this potential is very dependent on precipitation patterns (Potts et al. 2006). The aim
of our study was to estimate the net CO, exchange for extensively used dry calcareous
grassland in a Submediterranean climate region that is invaded by woody plants.

Materials and methods

In August 2008 micrometeorological and meteorological measurements were applied over
two sites located at Podgorski kras plateau in South West Slovenia (45°33' N, 13°55' E, 400-
430 m a.s.l.). Rendzina soil developed on the paleogenic limestone bedrock prevails. Soil
depth is very uneven ranging from 0 cm (rocky outcrops) to several decimeters in soil
pockets between rocks. The area was subjected to widespread land-use changes in the last
decades. The previously (over)grazed pastures were largely abandoned and are being slowly
overgrown by shrubs and trees. Within the study area two study sites were chosen on the
basis of current and historic land use. The grassland site has been used more or less
permanently as a low intensity pasture in the last decades. The succession site which is
abandoned for at least three decades is covered by small trees and shrubs occupying 40% of
the surface. The average height of the tree layer, which is mostly represented by Quercus
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pubescens, is 7 m. Above-ground woody biomass is around 100 m® ha™. The slope of the sites
does not exceed 3 degrees.

Eddy covariance systems and other meteorological measurements were installed on both
research sites. The instruments were installed at 15 m and 2 m height at the succession and
grassland site, respectively. The applied methodology for eddy covariance flux data
evaluation followed the Euroflux protocol with the Webb Pearman Leuning correction.
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Figure 1: Daily values of eddy covariance based net ecosystem exchange, precipitation and
air temperature for grassland and succession ecosystem for the period August 2008 — August
2009.

Results and discussion

In the first year of carbon exchange measurements (I August 2008 — 1 August 2009) the
grassland was a net carbon source, emitting 195 g m™ C and the succession site was a weak
carbon sink sequestering of -63 g m™ C. Despite the difficulty of inference from one year of
measurements, the GPP of the investigated ecosystems were quite low, indicating generally
low productivity of the investigated ecosystems. However, paired measurements allow us to
compare the responses of both ecosystems to some environmental factors. There is apparently
an almost one-month lag of the succession site before it becomes a net sink for carbon. The
onset of negative NEE on the succession site matches the burst of leaves of the trees. Since
both sites are similar in composition of their herbaceous layer, in phenological development
of its main species and in peak biomass (24460 g of dry mass m™ on grassland vs. 227480 g
m™ on the succession site), it can be concluded that the shifts of the C balance are mainly
governed by the activity of forest fragments. There is no indication of higher losses of carbon
on the succession site in the period before the start of the vegetation period, which might
theoretically decrease the net sink capacity of the ecosystem. Evidently the grassland was a
net sink for carbon for a brief period of time. After roughly 4 months the daily carbon balance
was again positive, indicating the specific phenology of grassland species which is a well
known adaptation to frequent summer droughts in Mediterranean ecosystems. The succession
site remained a net sink for much of the summer, which is again mostly attributed to the
invaded trees and shrubs and to a lesser degree to more green herbaceous vegetation under
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the trees. Carbon fixation of forest fragments ceased in mid October 2009. In the winter
period, when gross primary production (GPP) is absent or negligible, the grassland site had
larger carbon losses than the succession site. There is no clear explanation for this
phenomenon since the grassland site had much less dead plant biomass prone to
decomposition and smaller living plant biomass performing respiration. Additionally, there is
a difference in the response of both ecosystems to drought and high temperature. In the
grassland there was an apparent halt of GPP at the end of May 2009 (in the period of the most
intensive growth) which is attributed to a short drought episode with high temperatures. The
response of the succession site to these conditions is not perceivable, indicating generally a
larger buffer capacity of the succession site to drought stress.

There was a strong and instantaneous increase in CO, emissions during rainfall events. The
increase is especially profound in autumn and winter period and less so in spring, suggesting
that the availability of fresh litter might contribute significantly. It is not clear yet if this
increase is solely the effect of increased litter decomposition and soil respiration as suggested
by Inglima et al. (2009) or whether water induced displacement of CO, enriched soil air.

Conclusions

We observed that woody plant encroachment can significantly shift the C-balance of the
ecosystem. Despite undefined contributions of limestone weathering and the fact that eddy
covariance measurements could be influenced by spatial heterogeneity of the karstic
ecosystem, we estimate that the yearly difference of NEE between the grassland and invaded
sites can be largely attributed to the length of the growth season. This study also suggests
some possible benefits of silvopastoral systems in semi-arid climates, where scattered trees
and shrubs may decrease the sensitivity to environmental perturbation and increase
ecosystem carbon sequestration.
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Abstract

Ireland has experienced a rise of 0.7 °C in mean temperature over the last century and this
trend is predicted to continue and accelerate. Dairy production is an important mainstream
agricultural enterprise in Ireland and it is important to evaluate if current systems can adapt to
climate change. A dairy system simulator, Dairy sim, was designed for assessing the
interaction of climate and management on grass-based systems. Two scenarios were defined
as a basis for evaluation. The first, a maximised production scenario assumed the greatest
output on a given land area. It was found that dairy production under this scenario should
readily adapt to climate change and production will increase by 2080 when compared with the
baseline (1961-1990). The second scenario was based on current environmental legislation
with limited stocking rates and N and was known as the minimum input scenario. Dairy sim
indicated that grass production would exceed animal demand for minimum input systems by
2080, on both well- and poorly-drained soils. It is predicted that this increase in production
will require adaptation of the current low-input dairy system to the altered atmosphere and
climate.

Keywords: Grass-based, dairy, climate change, model, simulation

Introduction

Dairying has been the most profitable farming enterprise in Ireland in recent years. The most
common system is a spring-calving system which utilises grazed grass as the main feed
source during lactation. Approximately 90% of feed consumed is grazed grass or silage
produced on-farm. Climate is an important element to consider in the management system
and, therefore, it is important to evaluate the potential effects of climate change on dairying in
Ireland. In Ireland it is predicted that winters will be milder and wetter, and summers will be
warmer and dryer by 2100.

Materials and methods

A dairy system simulator, Dairy sim, was developed in order to assess the interactions
between climate and management in grass-based dairy production (Fitzgerald et al., 2005).
The simulator contains several components including a grass-growth model (incorporating
CO, response), an intake/grazing model, an energy demand model and a soil model
(Fitzgerald ef al., 2008). In order to assess climate change impacts on dairy systems, two
context scenarios were defined. The first was a maximised production scenario, whereby the
greatest output of milk (within the confines of the grass-based system) for a given land area
was evaluated. If a workable system, based on current management principles could be found,
then the system would be regarded as capable of adaptation. A second context scenario,
whereby production was limited by environmental and husbandry legislation, was also
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defined. This was known as the minimum input scenario. Climate change impact was
evaluated by looking at changes in system properties such as stocking rate, grass yield and
silage supply following simulations for baseline 1970 (1961-1990), 2020 (2010-2039) and
2080 (2070-2099) climates (Fitzgerald et al., 2009). The climate data used came from an
Ensemble Mean (EnsM) dataset derived by statistical downscaling by Fealy and Sweeney
(2008).

Results and discussion

For the maximised production scenario, results indicated that farms on both well- and poorly-
drained soils would become more productive per hectare in 2080 than for the baseline period
(Figure 1). Greatest productivity increases were seen in the North-Eastern part of Ireland.
This pattern can largely be attributed to the effects of earlier spring growth on the system. In
baseline years, it was the later arrival of spring and associated higher temperatures which
affected productivity in these locations (Fitzgerald et al., 2005).

The low-cost, low-input system in the minimum input scenario experienced significant
impacts due to climate change. When CO, enrichment was accounted for, there was quite a
significant increase in DM production at each of the four locations examined. This varied
from a fractional increase of 0.27 to 0.32 in DM production when compared with baseline
years (Table 1). This means that there was an excess of DM production when compared with
animal demand. This means that low-cost low-input systems will need to diversify and adapt
but it is not envisaged that climate change will affect the profitability of these systems in a
negative manner.

Table 1. The fractional change in DM production, silage excess and change in housing days in
2020 and 2080 with a CO, response as compared with the baseline period for well-drained
(WD) and poorly drained (PD) soils (1961-1990) for the minimum input scenario.

Location DM Production Silage Excess Housing Days
(fraction) (fraction) (days)

WD PD WD PD WD PD
Claremorris 2020 0.00 0.06 -0.01 0.38 0.03 -5.50
2080 0.32 0.34 4.35 223 -40.17 -23.00
Kilkenny 2020 0.02 0.00 0.44 0.03 -5.93 -1.63
2080 0.27 0.20 9.13 2.64 -38.23 -8.87
Mullingar 2020 0.03 0.01 0.70 0.06 -6.03 1.83
2080 0.30 0.20 7.84 1.31 -39.18 -2.83
Valentia 2020 0.02 0.02 0.15 0.12 n/a -7.27
2080 0.27 0.23 1.95 1.40 n/a -17.87
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Figure 1. The fractional change in stocking rate in 2080 as compared with baseline period
(1961-1990) for well drained and poorly drained soils.
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Conclusion

For the maximum production scenario it was predicted that low-cost, grass-based dairy
production could achieve sufficient adaptations for agrometerological conditions forecast for
2080 to remain a viable system of production. For the minimum input scenario, simulations
using Dairy sim suggested that it will not be possible to maintain the current low-input dairy
system as it currently stands with climate change and CO; enrichment into the future.
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Abstract

Intensively managed grasslands are a potentially large source of N,O emissions because of
the total input of nitrogen fertilizers. Addition of nitrification inhibitors (NI) or urease activity
inhibitors to fertilizers could reduce these losses to the atmosphere. In our studies N,O losses
were evaluated as well as the effect of the nitrification inhibitors dicyandiamide (DCD) and
3,4-dimethylpyrazol phosphate (DMPP) and the urease activity inhibitor N-(n-butyl)
thiophosphoric triamide (NBPT) on N,O emissions. The study was carried out after the
application of ammonium sulphate nitrate, urea or cattle slurry to a mixed clover-ryegrass
sward in the edafoclimatic conditions of the Basque Country (northern Spain). Results
showed that efficiency of inhibitors in reducing N>O emissions varied according to
environmental conditions. DMPP reduced losses up to 42% in ammonium sulphate nitrate
fertiliser and 69% in slurry. NBPT showed reduction efficiencies of 8% with urea fertiliser
and 13% with slurry.

Keywords: DCD, denitrification, DMPP, NBPT, nitrification

Introduction

The inefficient use of nitrogen fertilizers can lead to large N losses which, apart from
economic loss, can lead to undesirable ecological problems such as nitrate leaching or
hazardous gas emissions such as nitrous oxide (N,O). In the European Union (EU-15), 40%
of the direct soil emissions are attributed to fertilizer application; similarly another 21% is
related to manure application (EEA 2006).

Previous studies in the Basque Country of Spain (Estavillo ef al., 1994 and 1996), which were
carried out with soil incubations, determined that denitrification was the main N loss in
grassland. It was found that the greatest losses were in spring and autumn following
fertilisation events. Annual denitrification losses (N,O + N,) were about 10-15% of the
applied N, and in some periods after fertilization a peak of 20-37% was reached (Estavillo et
al., 1994). In order to reduce gaseous emissions to the atmosphere, nitrification inhibitors,
such as dicyandiamide (DCD) or 3,4-dimethylpyrazole phosphate (DMPP), and the inhibitor
of the urease activity N-(n-butyl) thiophosphoric triamide (NBPT) have been developed.

Over the last years the efficiency of different mitigation strategies has been assessed under the
edafoclimatic conditions of the Basque Country (Macadam et al., 2003; Merino et al., 2005;
Menéndez et al., 2006; Menéndez et al., 2009). This manuscript is a review of those findings.

Materials and methods

All the experiments were carried out in a cut grassland in the Basque Country (northern
Spain) in which a randomized complete block design with four replicates was established.
Each experimental plot covered an area of 12 m” (4 x 3 m). The meteorological conditions of
the location during the different assays are described in Table 1.
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Three different fertilizers were applied: ammonium sulphate nitrate (M), cattle slurry (S) and
urea (U). Application rates are detailed in Table 2. DCD and DMPP were applied at a rate of
25 kg ha™ and 1 kg ha' respectively. NBPT was applied at a rate of 0.076 mL per liter of
slurry. In the case of urea NBPT was applied at a rate of 0.2%.

N,O emissions after fertilizer application were measured using a closed air circulation
technique in conjunction with a photoacoustic infrared gas analyser (Briiel and Kjaer 1302
Multi-Gas Monitor) for 40 minutes after chamber placing (Menéndez et al., 2006).
Cumulative gas emissions during the sampling period were estimated using the average flux
in two successive determinations, multiplying it by the length of the period between the
measurements, and adding that amount to the previous cumulative total. Percentages of N,O
emissions reduction by inhibitors were subjected to statistical analysis (ANOVA, P <0.05).

Table 1. Climatic characteristic during the different trials (WFPS: soil water content
expressed as percentage of water filled pore space).

Experiment Date Mean Air Mean Soil Total Rainfall ~ Mean WFPS
Temperature (°C) Temperature (°C) (mm) (%)

1 Autumn 1998 14.7 14.2 337.8 79.7

2 Autumn 2001 8.0 6.5 170.6 75.9

3 Autumn 2002 15.8 14.3 112.6 75.7

4 Spring 2003 19.6 17.8 114.4 60.9

5 Spring 2005 15.2 13.6 214.8 71.1

Table 2. Nitrogen application rates, length of experiment, cumulative N,O emissions (%) and
efficiency of different nitrification inhibitors and urease activity inhibitors in the five

experiments.
Experi- Treat- Rate (ha™) Date Length % of % of % of
ment mentt (day) applied N applied N  reduction
without with with
inhibitor inhibitor inhibitor
1 M (DCD) 80 kg N Autumn 1998 20 1.55 0.90 41.9
S (DCD) 85 kg NH,'-N Autumn 1998 20 1.45 0.58 60.2
5 M (DMPP)  125kgN Autumn 2001 60 6.02 2.54 57.8
S(DMPP)  125kgNH,-N  Autumn 2001 60 2.35 0.91 61.2
3 S (DMPP) 135kg NH,"N__ Autumn 2002 22 8.52 2.67 68.7
4 M (DMPP) 97 kg N ha Spring 2003 59 4.58 4.17 8.9
S(DMPP) 97 kg NH,'-N Spring 2003 59 15.97 11.32 29.1
U (NBPT) 70kgN Spring 2005 29 3.46 3.17 8.4
5 S (DMPP) 70 kg NH,'-N Spring 2005 29 3.26 3.00 8.0
S (NBPT) 70 kg NH,'-N Spring 2005 29 3.26 2.83 13.2

+ M, ammonium nitrate sulphate; DCD, dicyandiamide; S, slurry; DMPP, 3,4-dimethylpyrazole phosphate; U,
Urea; NBPT, N-(n-butyl) thiophosphoric triamide.

Results and discussion

Results show that N,O-N emission rates from non fertilized grasslands were usually below
0.1 kg ha™' day; even so, occasionally they reached 0.17 kg ha” day. When plots were
fertilised, N,O-N losses increased to 1.3 kg ha™! day'1 when soil and weather conditions were
suitable for denitrification processes (data not shown). Cumulative losses reached up to 16%
of the applied N, depending on the type of fertiliser and weather conditions. These losses took
place in experiment 4 where soil water content, expressed as Water Filled Pore Space
(WFPS), was 60% (field capacity) and both nitrification and denitrification occurred at the
same time (Table 1). Moreover, it is known that denitrification is highly correlated to carbon
availability (Reddy et al., 1982), with low soil organic matter content (<1.8%) being the
limiting factor for denitrification. Results suggested that the slurry would provide soil
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microorganisms with easily available carbon that is a source of energy for denitrification in
the presence of nitrate. This would lead as well to the creation of anaerobic micro-sites in the
soil during microbial respiration, hence increasing the denitrification rates. Based on this, the
highest losses occurred when the conditions were optimal.

Furthermore, when WFPS was above 70%, denitrification was the main observed process,
finding losses in the form of N instead of N>O. This would explain the lower percentage of
losses in other experiments compared to experiment 4. The inhibitor’s efficiency was
different in each experiment (Table 2). In autumn, DCD reduced losses by up to 42% and
60% in mineral and slurry fertilizers, respectively, while DMPP reduced them up to 58% and
69%, respectively. In the experiments carried out during spring (experiments 4 and 5), the
efficiency of DMPP was lower, reducing losses by 9% and 30% when it was applied to both
mineral and slurry fertilizers. With respect to NBPT, which was only tested in experiment 5,
an inhibition efficiency lower than 14% was observed. If we compared it with DMPP, NBPT
was more efficient than DMPP when it was applied to slurry. DMPP efficiency varied
between autumn and spring, thus suggesting that environmental conditions constrained
inhibition effectiveness (Table 1). The conditions found in experiment 5, high rainfall and
warm temperature, could lead to a faster degradation or leaching of both inhibitors.

Conclusions

Maximum losses depended on the fertilizer type as well as the weather conditions and soil
water content, as these conditions can affect soil mineralization, nitrification or denitrification
rates. The efficiency of inhibitors was also affected by these conditions. DMPP reduced losses
by up to 42% and 69% when it was applied to mineral fertilizer and slurry, respectively.
Meanwhile NBPT should be tested under different conditions in order to observe its
maximum efficiency.
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Abstract

The paper presents the results of lysimetric analysis of actual evapotranspiration and water
use efficiency from grass communities. The study was carried out in the Mate Pieniny
mountain area on brown soils (about 600 m above sea-level). The actual evapotranspiration of
grasslands correlated with their yield. The highest evapotranspiration (over 550 mm) was
found on a 3-cut meadow, which was also characterized by the highest yield. Pasture yield
was 20-30% less than meadow yield, which also reduced the amount of water lost through
evapotranspiration by 15-20%. For lawns (cut every 10 days) the amount of water lost
through evapotranspiration did not exceed 350 mm. The lowest water use efficiency (1.4 g
dm™) was found for low-yielding unfertilized meadow. The fertilization increased DM yield
and improved water use efficiency, which under the high fertilization level exceeded 3.3 g
dm™. It was found that evapotranspiration was significantly correlated with dry matter yield
and in the case of 3-cut meadow also with contact to groundwater.

Keywords: grasslands, actual evapotranspiration, water use efficiency

Introduction

Evaporation has a profound effect on the water cycle and energy flow in nature. Water use
during biomass production is one of the major uses of water resources in agricultural
catchments and impacts water runoff. In turn, the extent and temporal distribution of
evapotranspiration depends on many correlated parameters that characterize the state of
atmosphere, plant cover, yield level and soil moisture.

Materials and methods

This study is based on lysimeter measurements taken during 1974-1999 at the Institute for
Land Reclamation and Grassland Farming in Jaworki (Mate Pieniny range) at about 600 m
above sea level. Twenty-four lysimeters with an area of 1 m? and 20 lysimeters with an area
of 0.2 m” contained brown soil. The experiment consisted of three management treatments:
meadow (3 cuts in vegetation period), simulated pasture (6 cuts in vegetation period) and
lawn (cuts every 10 days), different fertilization levels, with or without contact to
groundwater. During the growth period, measurements at the lysimetric station were taken of
daily amounts of water added to and drained from lysimeters to maintain the desired level (0.6
m), changes in soil retention every 10 days (by weighing lysimeters or using a soil moisture
gauge), daily precipitation in a rain gauge of 0.2 m? area located at ground level, and yield of
grass. The data were used to calculate values of actual evapotranspiration for 10 day-periods
using the formula:
ET =P+ WRB — WRE + WA - WD

where: ET — actual evapotranspiration (mm), P — precipitation measured in rain gauge located
at ground level (mm), WRB — water reserve in lysimeter at the beginning of the balance
period (mm), WRE — water reserve in lysimeter at the end of the balance period (mm), WA —
amount of water added (in lysimeters with constant groundwater level, in mm), WD — amount
of drained water (in lysimeters with constant groundwater level, in mm).
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Results and discussion

The yield was significantly correlated with the management method (meadow, pasture, lawn).
Increased cutting frequency was paralleled by a decrease in the yield of sward regrowth under
similar conditions of supply from groundwater and fertilization level. The dry matter yield
mainly depended on fertilization level. Under the study conditions, highest yields were
obtained for a fertilized 3-cut meadow (16 t ha™). Pasture yield (6 cuts) was generally about
30% lower than meadow yield. The lowest yield (5 t ha") was obtained from the lawn
treatment. No effect of contact with groundwater on yield was found (Table 1).

Table 1. Dry matter yield (DM), actual evapotranspiration (ET) and water use efficiency
(WUE) for grasslands in the Mate Pieniny.

Management | Groundwater | N Fertilization DM ET WUE
method level [m] [kgha] [tha] [mm] [gdm™]

Meadow 0.6 120 9 443 2.0
Meadow 0.6 240 12 505 2.4
Meadow 0.6 360 16 554 2.9
Meadow without 0 6 404 1.4
Meadow without 120 9 434 2.0
Meadow without 240 12 456 2.6
Meadow without 360 16 482 33
Pasture without 360 13 414 3.2
lawn 0.6 120 6 347 1.8
lawn without 120 5 329 1.6
LSD g1 0.92 24.83 0.26

Note: LSD (, — significant difference (for significance level o= 0.01)

In the study period, it was found that evapotranspiration was significantly affected by
management method (meadow, pasture, lawn) and yield level resulting from differences in
fertilization. The mean actual evapotranspiration for the meadow fertilized with N (360 kg N
ha™') was 553.6 mm when supplied with groundwater, and 482 mm when supplied with no
groundwater. During the same period, evapotranspiration was 414 mm for pasture and 329-
347 mm for lawn (Table 1). The data on ET and DM yield, obtained during the research
period in the Male Pieniny, were used to derive a regression equation between
evapotranspiration and yield. This function took the form:

ET =283+ 13.8 DM (r=0.84;n=171)

where: ET — actual evapotranspiration (mm), DM — dry matter yield (t ha™),  — coefficient of
correlation.

The coefficient of determination (+°) shows that about 70% of variation in overall grassland
evapotranspiration was correlated with differences in yield. Water use efficiency EUW (g
dm™) which is the ratio between yield DM (kg ha™) and the amount of water lost through
actual evapotranspiration ET (mm) can be assumed after Wolters and Bose (1989), Piekut
(1997) and Labedzki (1997) as a criterion for optimization of water use for biomass
production. Water use efficiency for grasslands from the Mate Pieniny region varied. During
the study period, it ranged in the growth period from an average of 1.4 g dm > on unfertilized
meadow without a constant groundwater level to 3.3 g dm on a no-groundwater meadow
fertilized with 360 kg N ha™'. Water use efficiency was 3.2 g dm™ for pasture and 1.6-1.8 g
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dm™ for lawn (Table 1). Evapotranspiration of a 3-cut meadow was higher in the treatment
with contact to groundwater (0.6 m) and could be expressed by regression equations:

ETo6=1.17ET, (r=0.86;n=99)

where: ET( ¢ — evapotranspiration of meadow with groundwater contact (mm), ETy, —
evapotranspiration of meadow without contact to groundwater (mm), » — coefficient of
correlation.

The regression shows that the presence of groundwater level at 0.6 m caused a 17% increase
of DM vyield in comparison with the meadow without groundwater contact. This is in
accordance with the results of other authors (Klimova ef al., 1990; Kaca et al., 1998).

Conclusions

1. The climatic conditions of the Mate Pieniny area favour the high productivity of grass
corlnmunities, as evidenced by the DM yield of a 3-cut meadow that often exceeded 15 t
ha™.

2. The actual evapotranspiration of grasslands depends largely on their yield. Water
consumption of a highly productive 3-cut meadow was about 550 mm. Evapotranspiration
of pasture was 15% lower, and that of lawns 25% lower, than that of 3-cut meadow.

3. Water use efficiency during biomass production depends on yield level. The lowest
efficiency was noted for low-yielding unfertilized meadow (1.4 g dm™). The increase in
crop yield helped to improve water use efficiency, which under extreme conditions
exceeded 3.3 g dm™.

4. Evapotranspiration was significantly correlated with dry matter yield and in the case of 3-
cut meadow also with contact to groundwater.
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Abstract

Grasslands are both a source and a sink of greenhouse gases (GHG). Techniques and
production systems can be developed for reducing GHG emissions from agricultural and
upstream activities and thus for mitigating agriculture’s contribution to anthropogenic climate
change. These include i) production of second-generation biofuels; ii) nitrogen fixation by
legumes; iii) carbon storage in grassland soils and vegetation, and iv) changes in farming
systems to reduce emissions of CO; and other GHGs.

Keywords: biofuel, C storage, farming system, GHG emission, mitigation, N fixation

Introduction

Ruminant agriculture based on forage has been highlighted as a significant contributor to
anthropogenic climate change linked to emissions of methane (CHs) and nitrous oxide (N,O),
and through its recent global impact on land use change and its reliance on carbon-intensive
processes (FAO, 2006). Although grasslands are a source of greenhouse gases (GHQG), their
soils and associated vegetation are also an important carbon sink, particularly as soil organic
carbon (SOC). Techniques are being developed for shifting the GHG emission balance
through the use of grassland for biomass to substitute for fossil fuels, and through
improvements in the nitrogen use efficiency and reduced CH4 emissions in grassland farming
systems. Thus, although grassland agriculture has been presented as part of the climate
change problem, it is also part of the solution. In this paper, a range of mitigation
opportunities and their potential in the context of European grassland systems are considered.

Production of second-generation biofuels or biomass

First generation bio-fuels synthesized from annual crops are criticized for several reasons.
Second generation agro-fuels from ligno-cellulosic biomass, produced by species such as
Miscanthus x giganteus and very Short Rotation Coppice (VSRC) of Salix or Populus spp.,
are characterized by much better GHG emissions savings. They require much lower amounts
of fertilizers and pesticides and could have a better impact on biodiversity (Peeters et al.,
2009). They can be planted in strips around grassland plots. Grasslands could theoretically
also be used as rough material for the production of agro-fuel. Compared to Miscanthus and
vSRC harvested in autumn or winter by a single cut at a relatively high dry matter content,
cut grasslands including lucerne must be harvested in several cuts and wilted, requiring more
energy. Lucerne could be managed in double-goals systems: the first cut harvested late in
June for biomass production (‘energy-lucerne’) and the following cuts harvested at an earlier
physiological stage for forage production. Studies have shown that Miscanthus, vSRC and
energy-lucerne could have a beneficial effect on farmland bird populations (Peeters et al.,
2009). That would justify the use of lucerne for the production of biofuels and biomass. SOC
content increases after Miscanthus or vSRC plantations on arable fields (Peeters et al., 2009).
The average annual increase would be about 2 to 3 t CO, ha™ for both crops. This increase
would not be indefinite, it would stabilize after a certain time but the period for reaching this
new equilibrium is not known. When these crops are established on permanent grassland, the
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SOC content would not increase (King et al., 2004). Equilibrium SOC contents are probably
similar for Miscanthus, vSRC and permanent grasslands on a given soil. The estimation of
GHG emission reductions of Miscanthus and vSRC on the basis of life-cycle analyses is very
complex. For instance, Styles and Jones (2008) recorded net GHG emission reductions
ranging from 7.7 t ha™ y' CO, where vSRC (Salix spp.) displaced grassland and gas, to 34 t
ha” y' CO, where Miscanthus displaced set-aside and electric heat. GHG saving estimation
for energy-lucerne has also to take into account the beneficial effect of biological nitrogen
fixation.

Nitrogen fixation by legumes

The temperate forage legumes Trifolium pratense and Medicago sativa can typically fix 200-
400 kg ha' y' N and 7. repens 100-300 kg ha” y"'. The manufacture of N fertilizers
represents the largest single energy input in all crop production systems (about 40% in
developed countries). Currently, 1-2% of the global fossil fuel consumption is used for this
purpose. Estimations of CO; eq. emissions for the synthesis of NHsNO; (CO; emitted when
natural gas is combusted and N,O emitted during nitric acid production) varies from 3
(modern technologies) to 7 (average) kg of CO; eq. per kg N (Wood and Cowie, 2004). On
the basis of an annual biological N fixation of 200 kg ha™ y™' and 7 kg CO; eq. emitted per kg
N, legumes could theoretically prevent the emission of about 1.4 t ha™ y' CO,. This rough
estimation must be considered as a minimum since this estimation does not take into account
the transport of fuel and fertilizers, the spreading of fertilizers, the transfer of nitrogen from
grassland to arable land through manure and/or conversion of leys into annual crops. More
researches are needed on this important topic.

Carbon storage in grassland soils and vegetation

Grassland soils are important carbon sinks, although estimates of their C storage capacity,
rates of SOC accumulation and the potential for further C sequestration vary greatly.
According to Soussana et al. (2009), average on-site grassland C sequestration reaches 623
kg ha™ y"' CO, for European grasslands (SOC stock changes), both on- site and off-site C
sequestrations reach 4.7, 3.6 and 2.7 t ha” y' CO, for grazed, cut and mixed European
grasslands on mineral soils; however, with high uncertainty. Measures to increase C
sequestration include: i) a moderate intensification of nutrient-poor permanent grasslands; ii)
a reduction of grazing intensity; iii) an increase of the duration of leys; iv) the conversion of
pure grass leys to grass-legume mixtures and especially to permanent grasslands; v) a
reduction of N fertilizer inputs in highly intensive grass leys (Soussana et al., 2009); vi) the
maintenance or raising of water tables on peaty soils; vii) an improvement of the use of
animal manures; viii) an increased use of some organic farming practices and reduced
cultivations in ley-crop rotations (Freibauer et al., 2004). However, despite the importance of
grasslands as an existing C store, further C sequestration in most European grasslands is seen
as providing a relatively modest contribution to mitigating GHG emissions and is a
temporary measure. Several estimates suggest a mitigation potential of 3-6% of total fossil
CO, emissions, though this is accompanied by further soil quality benefits. In a policy
context, maintaining existing SOC accumulations through managing permanent grassland and
wetland vegetation is a high priority. The integration of non-grass vegetation into grassland
landscapes can increase C storage potential (e.g. trees and shrubs) and avoiding the release of
CO, through wildfires is essential. Harvesting of such material and its pyrolysis to produce
biochar (terra preta) is a potential technique for longer term C sequestration, and could
theoretically greatly reduce global atmospheric CO, with possible soil improvement in
addition.
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Changes in farming systems

Agriculture is a major contributor of CHy and N,O emissions. Most CHy is emitted from
ruminants and manure. CHy mitigation options from ruminants focus on increasing
production per animal and reducing livestock numbers (Monteny e al., 2006). They also
include: 1) improved slurry and manure storage, and also using slurry for anaerobic digestion
and energy production; ii) ruminant dietary changes or supplements (e.g. ionophores) to
reduce enteric fermentation and improve rumen N efficiency; iii) manipulation of rumen
flora; iv) farming-system changes to improve the ratio of product (meat/milk) to CH,4
emissions. Many of the measures listed under i) and iv) have recently been implemented in
response to economic drivers, and European livestock farms compare very favourably with
international competitors in terms of CHy, although further research challenges remain
especially for ii) and iii). N,O is mainly emitted from fertilized land. Mitigation measures
include: 1) improving fertilizer N efficiency (timing, precision application, type of fertilizer,
use of nitrification inhibitors); ii) improving soil structure to reduce compaction and poor
drainage; iii) minimizing length of grazing and providing efficient use of slurry from housed
livestock. Mitigation measures for N,O interact with other important environmental issues
like the control of CH4 and NHj; emissions, and NOj; leaching (Monteny ef al., 2006).

Discussion

There are important interactions between mitigation measures for gaseous emissions and
between gaseous emissions and NO; leaching. It is thus essential to evaluate mitigation
practices at the system level (Monteny et al., 2006). Good agricultural and environmental
practices need to be improved and to include measures that lead to GHG mitigation, solve the
conflicts and improve the synergies of management in order that a better ‘multifunctionality’
of grassland-based systems is achieved to deliver on all aspects of environmental quality
(biodiversity, water quality, landscape, GHG reduction, product quality, animal welfare) and
meet the challenges of producing adequate amounts of quality food for an expanding
population.
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Abstract

We used estimations of climate change from a GCM as inputs of a crop model to study the
behaviour of grass and alfalfa in the future. We adapted the crop model to account for negative
effects of high temperatures and positive effects of CO, on plant growth and transpiration. The
main results concern crop phenology and yield. Annual yields were generally predicted to
increase in the near future, but decrease sometimes in the distant future, despite the positive
effect of CO,. We predict marked differences between regions in France as a consequence of
the variability of climate changes with the region. The distribution of production will probably
change over the course of the year and lead to new organization of livestock feeding. Likely,
alfalfa yields will not be decreased by climate change, unlike grass yields.

Keywords: climate change, alfalfa, grass, yield

Introduction

The effects of atmospheric changes on climate were assessed using a GCM (General
Circulation Model). We used the results of two scenarios of economic, technical and socio-
economic development (GIEC4): the A2 scenario, in which little attention is paid to GHG
emissions leading to a high CO, concentration in the atmosphere at the end of this century (800
ppm), and the B1 scenario, a moderate scenario in which it is assumed the CO, concentration is
controlled and only reaches 550 ppm by the end of the century. The study concerned two
periods, one in the near future (2020-2049) and one in the distant future (2070-2099). We have
previously described climate change (Collectif, 2009; Ruget ez al., 2009) based on climatic
analyses of present and future climate data and built agrometeorological indices. In this climate
analysis, the main result was that warming varied considerably between scenarios in the distant
future, and that the main changes will be in summer. Precipitation will decrease mainly in
summer too, but the magnitude of the changes will differ in different regions of France. In this
paper, we focus on the forecasted effects of climate change on forage production because
changes in the production schedule may affect livestock systems.

Material and methods

To assess the effect of climate change, we used the crop model STICS (Brisson ef al., 1998),
that was previously evaluated under a range of climates for grass and alfalfa (Ruget et al. 2006,
Collectif, 2009). The present climate is represented by the observed climate for the period
1980-2006. For future climate, we used results obtained by Déqué (2007), from the ARPEGE
model, developed by the CNRM (Météo-France). Downscaling of the GCM results were made
using a RCM model (Déqué, 2007) and a fit of the future climate on the present, adding the true
present climate value and the difference between simulated present and future climates (or
multiplying the rain by the ratio of future to present rain). This method improved the quality of
regional estimations, avoiding inaccuracies in the climate estimated for the present period.
Besides, we used the mean value of changes for each day of the year — preventing the
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representation of evolution within each period — for two scenarios (A2 and B1) and two periods
(near and distant future). Here, in the near future, we only present the results of the scenario A2
because the climates for the two scenarios are similar in the near future.

The model takes into account the effect of CO,, i.e. an increase in yield and a decrease in
transpiration (with parameters depending only on the photosynthetic type). The model is run for
two different soils with contrasted water reserves (66 and 208 mm) and several different
management practices (number of uses (cuts or grazings), fertilization). The intervals between
uses were expressed as heat sums, so uses became more frequent when the weather was
warmer, provided that the yield was higher than a harvest threshold. Here, we present only the
results for the deep soil, and for uses each 500 °C.day (above a 0°C threshold) for both crops,
because the trends were similar to the other soil and other management practices.

Pau (Lon 00° 21", lat 43° 17', altitude 183 m; South-west France)
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Figure 1. Daily balance of production (difference between new and senescent biomass),
calculated as the mean of moving mean of three days over the 27 years of the period.

Results and discussion

Figure 1 presents the pattern of production over the year for one location. The drop in summer
production due to water stress is emphasized especially in the distant future and in the A2
scenario, as one effect of increasing water stress. Moreover, spring production will be earlier
than now, and winter production will be enhanced in all the 34 locations studied throughout
France. The maps (Figure 2 a, b) show the spatial distribution of the changes. In all the
situations (locations and plants), in the near future, production first appears to be enhanced. In
the distant future, the results are more varied between crops: for grasses, there are four different
zones, with a marked increase in the north, a slow increase in the south-east, no changes in the
middle north-west and a significant decrease in the south-west of France. For alfalfa, the results
show an increase in yields in all the locations and for all the time periods and scenarios. The
difference in behaviour between crops could be due to alfalfa’s rooting depth and nitrogen
fixing ability. Analyses of water and nitrogen stresses show that these stresses differ between
the two crops: in alfalfa, there is currently low water stress and no increase in the future:
alfalfa’s deep rooting system is its main strength.
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Figure 2 a, b. Evolution of the production of grass (left map) and alfalfa (right map) in the
future, related to the present production. Each bar is the percentage of increase (up the zero
small black line) or decrease (below the zero line) of production, for near future (A2), distant
future (A2 and B1) from left to right for each group of bars.

Conclusion

In this study, we characterized some effects of climate change on forage production. The main
effects we show are changes in the dates of forage availability: earlier in spring, more in winter,
less in summer. The effects on yields are different among regions in France and among
scenarios and time in the future. An important result is the advantage of alfalfa over grass,
because of its deep rooting system, which avoids serious water problems, allowing the use of
the whole water reserve even in deep soils.
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Abstract

In Finland the most important grass production areas are located on areas with severe winter
conditions, soil frost and snow cover that affect the runoff patterns. To study the effects of
changing winter conditions on surface runoff, we developed a surface runoff simulator device
(SIMU). With the SIMU it is possible to simultaneously test several methods to reduce
phosphorus losses from grassland in artificial winter/spring conditions. The aims of this study
were to determine the accuracy of the device and to evaluate its practical value in surface
runoff research. The treatments were: control, 20 t and 40 t slurry per ha, 20 t slurry + 3 t of
fine lime, and 40 t slurry + 3 t of fine lime per ha. The SIMU detected differences in runoff
total P and dissolved Ca concentrations and tendency in dissolved P concentration, although
soil water extractable P was the same for all treatments. The results are not straightforwardly
transferable on a field scale due to small size, but SIMU is useful in studying the differences
between the treatments. SIMU is a useful tool when estimating the P losses from grassland as
it is economical, easy to use, fast and adjustable.

Keywords: climate change, eutrophication, grass, phosphorus, snow, surface runoff

Introduction

In Finland most important grass production areas are located on areas that have severe winter
conditions, soil frost and snow cover that affect the runoff patterns. Surface waters of these
areas suffer from dissolved phosphorus pollution originated from intensive dairy farming.
Due to surface applications of slurry and artificial fertilizers, soil surface layer have higher
phosphorus (P) concentration than deeper layers (Saarela and Vuorinen, 2009). Freezing and
thawing cycles also extract P from above-ground vegetation (Uusi-kdmpp4, 2005) and during
the runoff events dissolved P is transported to rivers and lakes. Soil frost enhances surface run
off as it prevents most of the water infiltrating through to soil. Climate is changing and,
according to the scenarios, this will most likely increase the amount of runoff events during
winter and increase the risk of eutrophication (Jylhd et al., 2004). Even though there is an
urgent need to find solutions to these problems, measuring the effects of different methods on
a field scale is slow and expensive as the spring occurs only once a year. Unfortunately, the
years differ from each other and this causes more problems in interpreting the results from the
experiments. To study the effects of different treatments and changing winter conditions on
surface runoff, we developed a device called Surface runoff Simulator (SIMU). The aim of
this study was to determine the accuracy of the device and to evaluate its practical value in
surface runoff research.

Materials and methods

With the SIMU (Figure 1) device it is possible to simultaneously test several different
methods to reduce phosphorus losses from grassland. The treatments were randomized on
grass plots during growing season. At the end of the growing season, the top layers of the
plots were lifted by a turf grass cutter, covered with plastic sheet and stored at outside
temperatures until the beginning of the experiment. At the beginning of the melting
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experiment in January, the frozen grass mats were placed individually on the sloping SIMU
devices and covered with the chosen amount of snow. Infrared heaters were used to melt the
snow and the melt water was collected at the lower edge of the slope. Many factors were
completely adjustable: the treatments on the field, the slope of the grass mat, the duration of
melting period and the amount of snow that produced the surface runoff.

Ajdustable
-

(‘ﬁ—\ infrared heater

Grass mat (35 x80x5cm) "
is cut from the field and ’
placed on inpermeatle
hottom.

Adjustable slope
0— 50%,

Transparent plastic
walls to hold the snow

Snow melt water pack on the grass mat

collection

I

Figure 1. [llustration of the surface runoff simulator (SIMU).

The treatments in the experiment were: control, 20 t of slurry per ha, 40 t slurry per ha, 20 t
slurry + 3 t of fine lime per ha, and 40t slurry + 3 t of fine lime per ha, each with four
replicates. Soil samples (0-5 cm) from each plot were taken at the same time when the grass
mats were lifted and analysed for water extractable P (1:60). Each melting period lasted for 7
days. The amount of melted snow was 25 kg per grass mat, which equals 71 mm of water.
Approximately 3 kg (9 mm) melt water infiltrated into the grass mats. The amount of
recovered melt water was 20 kg (57 mm). The water sample was taken from the whole runoff
amount and analysed for total P (SFS 3026), dissolved P (SFS 3025) and dissolved calcium
(Ca) (ICP).

Results and discussion

The results from the experiment were realistic and comparable to results from experiments at
field scale (Turtola and Kemppainen, 1998) (Table 1). Even though measuring the runoff of
dissolved P seemed to be quite scale independent, the processes operating on small scales are
generally still different from those at the field scale (Cornish ez al., 2002). Thus the results
should not be considered as true representatives of field runoff concentrations. The SIMU is
more reliable measuring the differences between the treatments. The standard errors (SE) of
treatment means were 8.0, 10.4 and 13.0% of corresponding treatment means for total P,
dissolved P and dissolved Ca, respectively.

The procedure found differences in total P and dissolved Ca concentrations and tendency in
dissolved P concentration although soil water extractable P was the same for all treatments.
Thus the SIMU was more sensitive than soil sampling in detecting the differences between
the treatments. It seemed that 20 t slurry per ha had no effect on concentration of total or
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dissolved P but 40 t slurry per ha increased clearly the concentration of total P (Table 2).
Adding small amounts of Ca had no effect on run off water P concentrations, but increased
the concentration of dissolved Ca. In conclusion, SIMU seems to be accurate enough for
testing the effects of different measures to diminish P concentration in surface runoff.

Table 1. The soil and the runoff water concentrations in SIMU experiment.

Soil of the grass Runoff water from the grass mats

mats

Water extractable P Total P SE Dissolved  SE Dissolved SE

mg 1" (1:60) mg I P mgl’ Camgl'
Untreated 11.0 0.38 0.045  0.26 0.049 113 1.41
Shurry 20 t 10.6 0.36 0.021  0.27 0.021 14.2 1.96
Slurry 40 t 11.7 0.45 0.034 0.32 0.038  10.3 1.41
Slurry 20t+Ca3t 11.7 0.35 0.034  0.26 0.031 15.6 1.61
Slurry 40t+Ca 3t 11.1 0.48 0.024 037 0.005  15.0 2.19
tr P values 0.52 0.005 0.078 0.005

Table 2. The contrasts of differences in runoff water concentrations between the treatments in

SIMU experiment.
Contrasts Total P Dissolved P Dissolved Ca
mg 1! mg I mg 1’
Difference P value  Difference Pvalue Difference P value
estimate estimate estimate
Untreated vs slurry 20 t -0.013 0.70 0.008 0.86 2.92 0.045
Untreated vs slurry 40 t 0.075 0.037 0.063 0.16 -0.945 0.48
NoCavs3tCa 0.015 0.75 0.043 0.48 6.130 0.061
Conclusion

SIMU was a reliable and accurate device in studying different measures to diminish P
concentration in surface runoff. However, the results were not straightforwardly tranferable
ton field size plots, as the surface area of the single grass mat was only 0.3 m*. SIMU is a
useful tool when estimating the P losses from grassland as it is economical, easy to use, fast
and adjustable.
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Abstract

Fertiliser and manure applications on grassland are important sources of nitrous oxide (N,O)
emissions. This paper assesses strategies to reduce N,O emissions from fertiliser and manure
application on grassland, either by reducing the amounts of applied nitrogen and carbon, or by
preventing the simultaneous availability of fertiliser nitrate and manure carbon to prevent
detrimental interactions. Three mitigation options were tested in three consecutive years on a
sandy soil in the Netherlands: (i) application of ammonium based fertilisers, (ii) split fertiliser
applications and (iii) separate application of fertiliser and manure. The observed N,O
emission factors for the calcium ammonium nitrate were rather low: 0.52%, 0.17% and 0.12%
of applied N, in the three consecutive years. Application of ammonium sulphate and split
application of calcium ammonium nitrate resulted in a significant reduction of emissions in
the first year. In the second and third year however, none of the mitigation strategies resulted
in a lower emission. It is concluded that choice of fertiliser type and timing can reduce N,O
emissions, but solid recommendations on when to apply these strategies are still lacking.

Keywords: ammonium, carbon, fertiliser, manure, nitrate, nitrous oxide

Introduction

Fertiliser and manure applications on grassland are important sources of nitrous oxide (N,O)
emissions. Agriculture in the Netherlands has high animal stocking rates, high fertiliser inputs
and relies only marginally on legumes as a source of N input. As a consequence, fertiliser and
manure applications together are responsible for 75% of the direct soil emissions. Therefore,
it is evident that any reduction of emission of greenhouse gases (GHG) from the agricultural
sector will hinge on the reduction of N,O emissions from fertiliser and manure application.
Factors controlling the release of N,O from soils are (1) availability of inorganic nitrogen (N)
and (2) easily degradable carbon (C), but also (3) soil aeration, moisture, temperature and pH.
Fertiliser and manure application on grassland contain all components for potentially high
N2O losses, as fertiliser is a source of nitrate (NO3) and ammonium (NHy4), manure provides
both NH4 and C, and grassland generally contains relatively high levels of easy degradable C.
The emission of N,O is usually calculated from a default [IPCC emission value, which for all
types of fertiliser and manure is 1.0% of applied N. This restricts the mitigation options to a
reduced input of fertiliser and manure. Although easy and effective, these default values for
emissions rule out potential mitigation options that reduce the N,O emission per kg of applied
N. Such mitigation options are crucial for acceptability by farmers in areas with intensive
farming, where economic penalties on reduced N inputs and yield losses may be high.

The objective of this paper is to assess strategies to reduce N,O emissions from fertiliser and
manure application on grassland, either by reducing the amounts of available NO; and C, or
by preventing the simultaneous availability of fertiliser NO; and manure C and provide
experimental evidence for their effectiveness. These strategies were elaborated into three
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specific mitigation options, (i) application of NHs based fertilisers, (ii) split fertiliser
applications and (iii) separate application of fertiliser and manure.

Materials and methods

The experiment was carried out on a sandy soil at the Droevendaal experimental farm in
Wageningen, the Netherlands. The experimental field was ploughed and reseeded in the
autumn of 1999 with a 100% perennial ryegrass (Lolium perenne L.) seed mixture.
Treatments in 2000 consisted of an unfertilised control, calcium ammonium nitrate (CAN,
13.5% NH4-N and 13.5% NO3-N), ammonium sulphate (AS, 21% NH4-N), and a split
application of CAN (Table 1). In the second (2001) and third (2002) year, the treatment with
split application was substituted with two treatments that compared simultaneous application
of CAN and cattle slurry (CS) with separate application of CAN and cattle slurry (CS_late).
The cattle slurry was liquid slurry with an average total N content of 4.17 and 4.93 g kg™ in
the second and third year, respectively. The cattle slurry was applied with a shallow injection
technique. The treatments were laid out in a randomised block design with three replicates.
The annual N application rate on the fertiliser-only treatments (CAN, CAN split, AS) was 320
to 330 kg ha™'. The treatments with combined fertiliser and cattle slurry application received
90 t ha™' year” of cattle slurry, supplemented with 180 kg N ha™' from fertiliser. In treatment
CS50, fertiliser and cattle slurry were applied on the same day, whereas on CS50-late,
fertiliser was applied seven days after cattle slurry was applied. All plots were harvested five
times between May and October of each year with a Haldrup plot harvester. Daily rainfall and
average temperature were collected from a weather station at a distance of 1 km of the
experimental field.

The nitrous oxide measuring frequency was up to three times a week after fertiliser and
manure application, and two to four times a month in the remainder of the growing season.
The N,O concentrations were measured in the headspace of vented closed PVC flux
chambers, with a diameter of 16 cm and a height of 15 cm, using a Briiel and Kjer photo-
acoustic spectroscopic infrared gas analyser. Further details on the measurements are
described in Schils et al. (2008). The emission factor (EF) is calculated from the N,O
emission of fertilised and/or manured plots (N2Ogy), the N,O emission of control plots
(N2O,er0) and the amount of total N applied, all expressed in kg N ha™: EF [%] = (N,Orer -
N20Ozer0) * 100 / N applied.

Results and discussion

The observed N,O emission levels in this experiment were rather low compared to the [IPCC
default emission factor of 1.00%. For CAN, the emission factor in the first year (0.52%) is
comparable to earlier results on sandy soil (Velthof and Oenema, 1995), but the emission in
the second (0.17%) and third year (0.12%) was extremely low. Analysis of temperature and
precipitation patterns did not show any conclusive explanation for the observed differences.
Similarly, the tested strategies only showed a reduction of emissions in the first year when
application of AS reduced the N>O emissions by 40%, and split application of CAN reduced
the N»O emission by 35%. However, in the second and third year, none of the three mitigation
strategies resulted in a lower emission.

Similar mitigation strategies have also been studied in several other experiments in different
countries (e.g. Clayton et al., 1997 and Stevens & Laughlin, 2002). Most studies report
fertiliser and slurry based mitigation strategies as being feasible and attractive. However, they
also note a high variability of the observed effects on N,O. The challenge for the future is to
develop sound recommendations on the soil and weather conditions under which these
strategies indeed do work and when their application is likely to be not effective or, worse, to
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even fail. This is illustrated in our experimental results where application of AS either
increased (year 1), did not affect (year 2), or even reduced DM yields (year 3).

Table 1. Annual nitrogen application rates from fertiliser and manure, dry matter yields,
nitrous oxide emissions and emission factor (EF) for all treatments in three consecutive years.

Fertiliser N Manure Ntot DM yield N,O-N EF
Year  Treatment (kg hah) (kg hah) (tha™) (kg ha!) (%)
2000  Control 0 0 1.83 0.01 -
CAN 320 0 11.40 1.66 0.52
CAN-split 320 0 11.12 1.09 0.34
AS 320 0 12.20 1.02 0.32
LSD (P < 0.05) 0.64 0.50
2001  Control 0 0 3.20 0.04 -
CAN 330 0 10.24 0.6 0.17
AS 330 0 10.32 0.53 0.15
CS 180 375 11.42 1.02 0.18
CS-late 180 375 11.33 1.35 0.24
LSD (P < 0.05) 0.58 0.37
2002 Control 0 0 3.70 0.13 -
CAN 330 0 7.96 0.53 0.12
AS 330 0 6.77 0.59 0.14
CS 180 444 10.39 0.73 0.10
CS late 180 444 10.45 0.89 0.12
LSD (P < 0.05) 1.16 0.39

Conclusion

Choice of fertiliser type and timing can reduce N,O emissions, but solid recommendations on
when to apply these strategies are still lacking.
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Abstract

Emissions of the greenhouse gas nitrous oxide (N,O) that are contributed by agricultural
systems represent 50% of the world’s N,O emissions. This can significantly be attributed to
the intensification of modern agriculture, which includes increased nitrogen fertilization and
the employment of larger and heavier machines. Heavier machines cause an increase in soil
compaction and a reduction in the consistent soil pore system, which often results in more
anaerobic conditions in the upper soil layers. In combination with intensive nitrogen
fertilization these contribute to an undesirable increase of N,O emissions.

Our main aim was to study the interaction between soil compaction and nitrogen fertilization
and its impact on N,O emissions of highly productive grassland. A three-year (2006-2008)
field trial was carried out at Hohenschulen experimental station in Northern Germany. Soil
compaction (228 kPa contact area pressure) was applied at the beginning of vegetation in
early April. Before applying compaction, the plots had been treated with either 0 or 360 kg
ha” of N as calcium ammonium nitrate resulting in grass-legume mixtures and pure grass
swards, respectively. Both experimental factors, as well as their interaction, caused significant
effects on N,O emissions. The magnitude of treatment effects was dependent on soil
moisture.

Keywords: Nitrous oxide emission, soil compaction, grassland, calcium ammonium nitrate

Introduction

The proportion of the climate-relevant N,O emissions contributed by agriculture amounts to
approximately 50% of the world’s N,O emissions. In Germany, the agricultural emissions of
N,O in 2006 were comparable to 41 million t CO,-equivalent (UBA, 2007).

During the last decades, an intensification of agriculture has occurred which affects grassland
as well as arable land. This development includes an increased use of large and heavy
machines, which increases soil compaction. Due to multiple traffics with slurry tankers and
forage wagons more passes with heavy machines occur under forage production on grassland
related to arable land. In general, soil compaction causes a reduction of the pore system and
enhances denitrification, which can lead to increasing N>O emissions (Yamulki and Jarvis,
2002). Increased N,O emissions are due to anaerobic conditions in the upper soil layers as
well as high nitrogen fertilization (Velthof et al., 1997).

Despite the relevance of soil compaction on grassland there is a lack of studies dealing with
the simultaneous analysis of soil compaction and high N-input on N,O emissions.

Materials and methods

The field experiment was set up on the experimental station Hohenschulen in Northern
Germany (54°18'49'N; 9°57'56"E; mean annual temperature 8.3 °C, and mean annual
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precipitation 777 mm; soil: sandy loam) on a uniform grassland with three cuts per year. The
experiment comprised the following factors (treatments):

e Controlled soil compaction (control, contact area pressure of 228 kPa) in early April

e N fertilization with calcium ammonium nitrate (0 and 360 kg ha' N)

e Year of first controlled soil compaction (2006, 2007 and 2008)
The experiment was established in a split-plot factorial design with three replicates. The soil
compaction was achieved by a single pass of a tractor with a slurry tanker (total weight 22 t/
contact area pressure 228 kPa) at the beginning of the vegetation period. N,O emissions were
determined with the ‘close-chamber’-method (Hutchinson and Mosier, 1981). The chambers
had a diameter of 60 cm and a height of 35 cm. The N,O concentration in the headspace was
measured immediately after closing the chamber, after 30 min and after 60 min. The flux was
calculated based on the increase in concentration within 60 min. Cumulative fluxes were
estimated by linear interpolation between daily fluxes. Subsequent to compaction and
fertilization, gas samples were taken daily. After two weeks sampling intervals were extended
to once a week. Soil water content in 30 cm depth at the time of compaction treatment was
measured gravimetrically. The experimental year, nitrogen fertilization and soil compaction
as well as their interactions, were tested for significance using PROC MIXED of SAS 9.1.
Means were compared with the PDIFF option. Significance was declared at P<0.05 and
adjusted using the Bonferroni-Holm test.

Results and discussion

N,O emission rates were strongly driven by the tested treatments indicating a significant
threefold interaction (experimental year x compaction x fertilization (Tab. 1)). N,O emissions
plotted against time showed a distinct response to soil compaction in the N-fertilized
treatment during the 2008 measuring period, while the non-fertilized treatment did not show
any response (Fig. 1). In 2006, the N,O emission rates were similar to 2008 (Data not shown),
which corresponds with similar soil water conditions at the time of soil compaction in both
years (2006: 22 Vol.-%, 2008: 20 Vol.-%) whereas in 2007 the soils were drier at the time of
soil compaction (16 Vol.- %). Due to the dry soil conditions the compaction showed no effect
on N,O emissions. The emission peak at the middle of June 2007 was attributable to high
precipitation (200 mm during 15 June-7 July) following a very dry period (Fig. 1). The
interaction between N-fertilization and soil compaction became evident in the cumulative
annual N>O emissions (Fig. 2). No compaction-induced effects were perceptible on the
unfertilized treatments. In 2006 and 2008, the compaction led to a sharp increase of N,O
emissions on highly fertilized plots.

Table 1: P-value of the analysis of variance of the parameter N,O-emission (cumulative N20-
N, kg ha™) (y = year, comp = compaction, N = N-fertilization)

y comp N y*comp y*N comp*N y*comp*N
N,O 0.0953 0.0587 <0.0001 0.3861 0.2618 0.0270 0.0084

In 2007, the average of all treatments exceeded that of 2006 and 2008. In contrast to 2006 and
2008, high N,O emissions occurred in both the compacted and the non-compacted highly
fertilized treatments. Cumulative N,O emissions increased in the fertilized treatments when
the soil compaction was carried out under moist soil conditions (2006 and 2008). In 2007, the
soil compaction was performed in a dry spring; consequently no effect on N,O emissions was
detected. In the legume dominated high yielding zero-fertilized treatment, soil compaction
had no influence on N,O emissions in spring. The increase in emissions in early summer of
2007 for the fertilized treatment can be explained by high precipitation following a long dry
period. Owing to a high proportion of alfalfa (67% of DM), the DM-yields of the non-N-
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fertilised plots amounted to 16.2 t ha™, which was not statistically different from the yields of
the fertilised treatments.
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Figure 1: N,O-flux during the measuring period (Apr. to Sept.); the vertical bars represent
treatments
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Figure 2: Cumulative nitrous oxide emissions for soil compaction and N-fertilization
treatments in 2006-2008. (Capital letters indicate a significant difference due to the
fertilization, lower case indicate a significant difference due to the soil compaction)

Conclusions

Soil compaction on grassland should be avoided because of its effect on N,O emissions,
especially under wet soil conditions and simultaneous high N-application.
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Abstract

The present experiment was performed during four grazing seasons (2005-2008) in semi-arid
grassland of Inner Mongolia to gain information on grazing-induced grassland degradation.
Effects of sheep stocking rate and precipitation on end-of-season herbage mass, herbage
accumulation, herbage quality, and animal performance were analysed along a gradient of
seven grazing intensities (ranging from ungrazed to very heavily grazed). End-of-season
herbage mass, herbage accumulation, and herbage quality varied greatly between years (P <
0.001), correlating with inter-annual variation in precipitation. The accumulation and quality
of herbage were inversely affected by grazing intensity. While herbage accumulation
decreased (P < 0.001) herbage quality increased (P < 0.001) with increasing grazing intensity.
The relationship between animal performance and grazing intensity were expressed by
quadratic functions. Highest live weight gains per sheep and per ha were achieved at light (3
sheep ha™') and very heavy (13 sheep ha™) grazing, respectively. Precipitation appeared to be
the factor most crucial for determining accumulation and quality of herbage, while grazing
intensity was the key factor determining animal performance.

Keywords: grazing experiment, nutritive value, sheep production, typical steppe

Introduction

Within the last decades sharply increasing stocking rates have imposed enormous pressure on
natural grassland resources in Inner Mongolia leading to overgrazing and degradation.
Grazing not only alters the ecological functionality of the grassland but also its value for
livestock farming. The present study aimed to analyse grazing-induced changes in
productivity and herbage quality as well as its effect on animal performance.

Materials and methods

This experiment was conducted in semi-arid grassland of Inner Mongolia, P.R. China. A
randomized complete block design was chosen to analyse effects of different grazing
intensities, i.e. ungrazed (GIO0), very-light (GI1), light (GI2), light-moderate (GI3), moderate
(GI4), heavy (GI5), and very-heavy (GI6), on end-of-season herbage mass (HM), herbage
accumulation (HA), herbage quality, and the live weight gain (LWG) per animal and per ha.
Herbage quality analysis comprised organic matter (OM), crude protein (CP), neutral
detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL), cellulase
digestible organic matter (CDOM), and metabolizable energy (ME). The Near-Infrared-
Spectroscopy (NIRS) technique was used to estimate the quality variables. From the pool of
herbage samples, calibration (2005: n = 138, 2006: n = 44, 2007: n = 31, 2008: n = 25) and
validation (2005: n = 25, 2006: n = 10, 2007: n = 15, 2008: n = 15) subsets were chosen for
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the chemical laboratory analysis. Data were analysed by ANOVA, using the Mixed Model,
and by simple regression analysis in SAS version 9.1.

Results and discussion

The factor year strongly affected end-of-season HM (P < 0.001), HA (P < 0.001), herbage
quality (P < 0.001), and LWG sheep™ (P < 0.05) and ha™ (P < 0.001) (Table 1). Precipitation
was the main factor explaining year effects on the accumulation (HA) and the quality of the
analysed herbage material. While HA (P < 0.01, R* = 0.2), CP (P < 0.01, R° = 0.3), and
CDOM (P < 0.05, R* = 0.2) were positively correlated with precipitation, NDF (P < 0.001, R
= 0.6) decreased with increasing annual precipitation, highlighting the positive effect of
precipitation on productivity and quality in semiarid grasslands. Most of the between-year
variation in the accumulation and quality of herbage was due to the high inter-annual
variability of precipitation.

Grazing intensity considerably influenced most of the studied herbage variables and was the
most important treatment factor determining animal performance (Table 1). Compared to GIO,
the end-of-season HM on GI1, GI2, GI3, GI4, GI5, and GI6 was 0, 26, 62, 55, 80, and 92%,
respectively. HA was also reduced by grazing intensity and decreased from 195 g m™ on GIO
to 106 g m™ on GI6 (P = 0.091). All herbage quality variables were affected by grazing
intensity. In general, herbage quality increased with increasing grazing intensity (Table 1).
The strong positive effect of grazing intensity was partly caused by decreasing accumulation
of senescent material (Schonbach et al., 2009). The mean age of plant tissue is commonly
lower under heavy as compared to light grazing, suggesting that younger (regrown) plant
material contains higher CP. Furthermore, mineralisation rates are accelerated when herbivore
excreta rather than senescent plant material are deposited on the soil surface, thereby
increasing availability of mineral nitrogen to plants and increasing plant CP concentrations.
Further potential reasons for grazing-induced increases in plant CP concentration are
discussed by Schonbach ez al. (2009).

The LWG sheep™ reached its peak at GI3 and its minimum at GI6, whereas, the LWG ha™'
increased continuously from GI1 to GI6 (Table 1). LWG in g sheep™” d” (y =-0.6x* + 3.8x +
84.5, R* = 0.3**) and ha™ d' (y = -4.3x> + 109.6x - 25.8, R* = 0.8***) showed significant
quadratic correlations with stocking rate. The LWG sheep™ reached its peak at 3 sheep ha™,
i.e. the equivalent of light grazing (GI1-GI2), whereas, the LWG ha™ reached its peak at 13
sheep ha™, i.e. the equivalent of very-heavy grazing (GI6). Accordingly, LWG sheep™ did not
benefit from better herbage quality at high grazing intensities. Indeed, high grazing intensities
exhibited best herbage quality, but HM was limiting.

Conclusion

Precipitation appeared to be the crucial factor determining accumulation and quality of
herbage, while grazing intensity played the key role in determining animal performance.
Increasing grazing intensity decreased HA but increased herbage quality. However, animal
performance in this rangeland was primarily influenced by herbage quantity. There were no
benefits of grazing-induced increases in herbage quality on LWG.
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Effect of precipitation on dry matter production of a meadow with varied
cutting frequency
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Abstract

Grassland dry matter yield was investigated at a site where plant growth is temporarily
restricted by inadequate water supply. In a field experiment defoliation frequency was varied
from two to five cuts per year at two nitrogen levels over 13 years. Under low nitrogen
fertilization maximum yield was obtained at two cuts per year in most years. Under higher
nitrogen input, the highest yield was obtained at a cutting frequency of three. Positive
relationships between precipitation and biomass production were only observed occasionally.
It seems that the impact of restricted water supply was often negligible compared to other
factors like botanical composition and soil conditions at this site. Additionally, the effect of
rainfall deficiency will vary strongly depending on season and growth stage of the grassland
sward.

Keywords: long-term field experiment, cutting frequency, yield, precipitation

Introduction

Even under constant management, year-to-year variation of grassland dry matter (DM)
production is common. In most cases this finding is traced back to variability in weather
conditions. Water supply is well known as a main growth factor for grassland in most site
conditions. Therefore rainfall is often considered as being responsible for yield variation.
Kéding et al. (2003) found no significant correlation between precipitation and DM yield in a
long-term experiment.In contrast, Jo and Schechtner (1991) observed the highest yields in dry
seasons in a 4- and 6-cut system. Combining soil and weather data with characteristics of
grassland management in a simple model (Trnka et al., 2006) allowed a better prediction of
herbage production.

The objective of this study was to investigate, in a long-term experiment, the influence of
varied cutting frequency and two levels of nitrogen fertilization on botanical composition and
DM yield and assess the influence of precipitation variability.

Material and methods

A field experiment was started in 1994 after sowing a species-rich mixture on an arable field
in the preceding year. The diversity of the mixture (23 species) allowed the establishment of
different plant communities under the influence of diversified management. Cutting
frequencies of 2, 3, 4 or 5 cuts per year and nitrogen fertilizer rates of 30 (low) or 60 kg ha™
cut’ N (high) were applied. Thus, annual nitrogen fertilizer rates were 60 or 120 kg ha™ with
2 cuts per year and 150 or 300 kg ha™ with 5 cuts per year. The experiment was arranged in a
split-plot design with 4 replications and a plot size of 39 m”. The site was located at Stuttgart-
Hohenheim (48.7137 °N, 9.2122 °E, altitude 400 m a.s.l., mean annual rainfall 698 mm, mean
daily temperature 8.8 °C) on a silty loam soil. Water-limited conditions for grassland are
common at this site. Plant species were recorded and their proportion of biomass was
estimated in all plots before the harvest of the first cut. DM yield was quantified by cutting a
sample (8 m?) in every plot. Precipitation data were assigned to DM yield for every single cut
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by adding rainfall of the days between defoliations, respectively rainfall after 15 March until
first cut in spring. Statistical analysis of DM data was performed by ANOVA. Linear
regressions between DM yield per cut and rainfall sums during the respective growth intervals
were calculated additionally. If there was a significant slope of the regression line (P<0.05) in
Table 2 fields were marked by an asterisk.

Results and discussion

After 13 years of differential management typical botanical compositions had developed. The
higher fertilization rate resulted in a higher proportion of grasses and fewer legumes and
herbs. Tall grasses and legumes (Arrhenatherum elatius, Trifolium pratense) had high
abundances at lower cutting frequency, while species like Lolium perenne and Poa pratensis
had a higher yield percentage under frequent cutting (Table 1). At a few years after
establishment of the experiment the influence of the original seed mixture on community
composition seemed marginal.

Table 1: Percentage of dry matter yield of grasses, legumes and herbs after 13 years of
different management (totals and amount of some selected species)

Low nitrogen fertilization High nitrogen fertilization

Species Cutting frequency Cutting frequency

2 3 4 5 2 3 4 5
Grasses (total) 76 47 51 62 94 91 78 87
Alopecurus pratensis 18 15 10 15 32 24 18 20
Arrhenatherum elatius 21 13 5 3 28 31 7 3
Dactylis glomerata 5 5 6 5 6 9 12 11
Lolium perenne - 3 10 18 - 4 15 19
Poa pratensis - 3 6 6 - 6 10 13
Legumes (total) 19 33 18 13 2 3 4 3
Trifolium pratense 16 28 13 8 2 3 1 1
Trifolium repens 1 5 5 5 <1 <1 3 2
Herbs (total) 5 20 31 25 4 6 18 10
Plantago lanceolata 1 3 10 6 <1 1 6 3
Taraxacum officinale 1 9 16 13 1 1 7 5

Maximum DM yield was mostly obtained with 2 cuts per year at low nitrogen fertilization
and with 3 cuts per year at high nitrogen fertilization (Figure 1). The decrease of yield at
higher cutting frequencies was more pronounced under low than under high nitrogen
fertilization. A tendency for declining yields over the years was also evident. This may
indicate a diminishing productivity of the grassland swards at this site due to an increasing
proportion of less productive species. Precipitation during the growing period did not
influence yield consistently. Yield depression caused by extreme water limitation, however,
was evident in the low yields of the year 2003, which was marked by a long drought period in
summer. It is probable that the water supply in different periods of the growing season exerted
a stronger influence. Therefore the quotient of DM and rainfall was calculated for every
separate cut. Highest DM yields per mm rainfall were obtained for the first or sometimes for
the second cut. In regression analysis a significant slope, indicating a direct influence of
rainfall on yield, was detected only in a few cases (Table 2). A closer relationship between
rainfall and biomass production might be detected by considering carry-over effects of soil
moisture between regrowth periods in a soil moisture model. There was no evidence for long
term trends over years.
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Figure 1. Annual dry matter (DM) yield and rainfall during the (re-)growth period. Different
letters indicate significant differences between treatments (P < 0.05), n.s. not significant.

Table 2. Quotient of dry matter yield per cut and amount of rainfall during the respective
growth period (kg ha mm™). Mean of annual data from 13 years. A significant (P < 0.05)
slope of the regression line (not presented in detail here) is marked by *.

Low nitrogen fertilization High nitrogen fertilization
Cutting frequency Cutting frequency

2 3 4 5 2 3 4 5
first cut 29 31* 26 23 31 36 30 26
second cut 17 19%* 26 25% 18 22% 30 30%*
third cut - 15 16 16* - 19 19 19%*
fourth cut - - 15 18 - - 18%* 20
fifth cut - - - 12 - - - 16
total 23 22 20 19 25 26 24 23
Conclusions

A typical adaptation of grassland composition and yield to modified cutting and fertilization
regimes was found. Simple basic relationships between DM yield and rainfall were not
evident. Under conditions pertaining at this site a simple and reliable yield estimation using
only rainfall data was not practicable. There are more factors which influence the harvested
DM of a meadow and which have to be considered, such as water storage capacity of the soil,
rain distribution and water availability at different growth stages of the sward. In a next step
the data will be used for modelling DM accumulation as a function of soil water availability.
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Case-control studies for risk-assessment in ecology and agriculture

Suter M." and Liischer A

Swiss Grassland Society, 8046 Zurich, Switzerland

’Institute of Integrative Biology, ETH Ziirich, 8092 Ziirich, Switzerland

I Agroscope Reckenholz-Tiinikon Research Station ART, 8046 Ziirich, Switzerland
Corresponding author: matthias.suter@art.admin.ch

Abstract

This paper introduces the principles of case-control studies to investigate complex research
questions that cannot be easily unravelled by experimentation. Case-control designs were
originally developed in human health research but can also be applied to agronomy and
ecology. They allow for the inclusion of many different management, ecological, and social
factors and for thorough statistical testing using generalised linear models.

The principle of case-control studies is demonstrated by a study assessing the risk for the
occurrence of the poisonous Senecio jacobaea in agricultural grassland, an increasing
problem in Central Europe. Based on this example, we demonstrate that case-control studies
provide reliable results in a relatively short timeframe. Effects can be assigned to factors that
have acted over the long term, under real and natural conditions, and may have manifold
influence on targets. We conclude that case-control studies offer a great opportunity in
surveys and on-farm research and can be applied to a wide range of research topics in
agronomy and ecology.

Keywords: case-control study, relative risk, generalised linear model, on-farm research,
Senecio jacobaea

Introduction

When complex research questions involving ecological, economical, and social aspects are
investigated, the set-up of detailed experiments is often inappropriate or even impossible,
because the great number of factors with potential influence makes it hard to establish
experimental protocols that can lead to relevant conclusions. Moreover, if factors exert their
influence over long timeframes and/or low intensity levels, experimentation will become
extremely time-consuming and expensive. In such situations, an approach that investigates
established structures under given natural or cultural conditions, combined with a
sophisticated design that allows for thorough statistical testing would be extremely beneficial.
We suggest that case-control studies can fill this gap and demonstrate how they can be
applied to agronomy and ecology.

Materials and methods

Up to this point, case-control studies have been performed regularly in human health research,
where experimentation is often restricted due to ethical reasons. A well-known example is the
investigation of lung cancer as related to smoking behaviour (Peto ef al., 2000). As the name
implies, cases (e.g. persons with a disease) are compared with controls (persons without this
particular disease). It is decisive that objects can be clearly assigned to be a case or not, which
is generally possible with diseases and in many other situations; moreover, cases and controls
should be similar in other traits than the one under observation (here: disease) as far as
possible. Factors that have caused an object to become a case need not be known beforehand
and can have acted over long time.
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Factors that potentially influence cases and controls are then recorded for both groups (e.g.
age, gender, nutrition, smoking). The influence of these explanatory factors is analysed with
generalised linear models (GLMs), the response variable being the objects assigned to one of
the two groups. Finally, the method estimates the relative risk, the ratio of the probability for
the occurrence of cases (e.g. persons with cancer) for two levels of an explanatory variable
(e.g. for smokers versus non-smokers) (Agresti, 2002, p. 47). Following Agresti (2002), this is
possible with GLMs whenever the probability of the outcome of interest (e.g. cancer in large
populations) is close to zero or at least very low.

The principles of case-control designs are demonstrated by a study assessing the risk for the
occurrence of the toxic Senecio jacobaea in agricultural grassland (Elcock and Oehme, 1982).
Following a case-control design, 62 on-farm plots were evaluated, S. jacobaea occurring in
32. Plots with S. jacobaea (cases) and plots without S. jacobaea (controls) were selected in
pairs adjacent to each other and had, as far as possible, similar environmental conditions;
however, the management practice between them may have differed. The botanical
composition of all plots was recorded and samples of the topsoil were taken for the analysis of
soil nutrients and soil texture. The farmers provided data on the type of grassland
management (mowing, rotational grazing, continuous grazing) and on applied mineral and
organic fertilisers (slurry, solid manure). Further details on design and analysis are provided
in Suter et al. (2007).

Results and discussion

The highest risk for the occurrence of S. jacobaea was found with low nitrogen fertilisation, a
very open sward, and continuous-extensive grazing (set stocking; Table 1). Doubling the
application of nitrogen from 50 to 100 kg ha™ yr' reduced the risk for the occurrence of
S. jacobaea approximately five-fold, meaning that the species occurred less frequently on
intensively fertilised grasslands. Swards with a high percentage of uncovered soil (> 25%)
had a forty-fold greater risk for the occurrence of S. jacobaea than swards with less than 25%
bare ground. Finally, plots that were under continuous-extensive grazing (set stocking) had an
approximately eleven-fold greater risk for the occurrence of S. jacobaea compared to mown
grassland, while rotational grazing did not show significant differences in risks compared to
mowing. We conclude that a long-term control of S. jacobaea can best be achieved by
avoiding sward damage, by replacing continuous-extensive grazing with rotational grazing,
and by preventing the species’ seed formation in the pasture and local environment (Suter et
al., 2007).

Table 1. Variables with significant effects on the occurrence of S. jacobaea. The table is
adapted from Suter ez al. (2007).

Variable’ Relative risk P-value
Nitrogen-applied 0.2} 0.008
Openness: High (> 25%) 40.3 0.005
Rotational grazing vs mowing 0.9 0.953
Continuous grazing vs mowing 11.6 0.017

" To calculate the relative risk, the conditions represented by the variables were compared to grassland that was
mown, received available nitrogen of 50 kg ha™ yr”', and had a low openness of sward (< 25%)
i Relative risk for applied nitrogen of 100 kg ha yr’!

This example illustrates well the benefits of case-control studies. (i) Given careful planning
and selection of factors to be recorded, the actual field work can last for only a short time, in
our case one summer. (ii) More importantly, it is possible to record factors, such as grazing
systems, that could not be easily established with acceptable replication in an experimental
set-up. (iii) There can be influences with a very broad range or composed of several
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components, such as soil conditions. Given that influences are often unknown beforehand, it
would be difficult to select the relevant factors and the range in which they could influence
experimentation. (iv) If an experiment is performed with a selection of factors, conclusions to
be drawn are valid only for the particular conditions, whereas case-control studies allow for
conclusions over their investigated range, which is generally broad. (v) At the time of
investigation, factors such as soil conditions or grazing systems may have exerted their
influence on targets over a very long time. (vi) Case-control studies scrutinise their objects
under real or natural conditions (on-farm, in our example), which makes it more feasible to
draw conclusions relevant to application. While very beneficial, there are also drawbacks to
case control designs: variables recorded are not independent from each other and can be
correlated, which limits, to some extent, their interpretation. Various methods have been
suggested to face this challenge (Graham, 2003), the most accurate of which performs a
detailed experiment that highlights a causal relationship. This can be very insightful once a
relevant factor has come up based on a case-control study.

It is clear that case-control studies could be applied to various fields in agronomy and
ecology. Possible research questions may cover topics from economy, social background,
crop production, or biodiversity in grassland. For example, the design might be used to
evaluate the success of farmers in achieving high-quality standards for particular products, to
assess the risk of fields to be attacked by wild boars, or to evaluate the establishment of field
margin strips from seeds. In particular, for investigations taking place under everyday
conditions and providing answers for application, case-control studies offer a great
opportunity to improve current methods.

Conclusions

We demonstrate that case-control studies provide reliable information that is based on
established natural or cultural conditions. Effects can be assigned to factors that have acted
over a long timeframe and have manifold influence on targets. We are convinced that case-
control studies have a great potential in surveys and on-farm research and can be applied to a
wide range of research topics.
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Abstract

Extensive high nature value (HNV) grasslands belong to the most threatened anthropogenic
ecosystems in Europe. In a recent research study, the status of extensive grasslands (and
associated agricultural systems) in the South-West of Germany were found to be
representative of many other less favoured rural areas in Europe. Major interest was given to
the socio-economic situation of related agricultural systems. The present economic situation
of farming with extensive grasslands and policy obstacles are depicted from the farmers’
perspectives. There is a clear outcome of the study that grasslands with high biodiversity and
importance for conservation are declining dramatically. The reasons are mainly qualitative
losses due to intensification processes of various reasons. If HNV grasslands are to survive
the common agricultural policy reforms following 2013, new land-use systems have to be
developed.

Key words: extensive grassland, agricultural policy, dairy production, extensive grazings

Introduction

Extensive high nature value (HNV) grasslands (including meadows as well as pastures)
belong to the most threatened anthropogenic ecosystems in Europe. They also provide a major
contribution to the world heritage of biodiversity (Oppermann and Gujer, 2003; BMU, 2007;
Venn et al., 2010). In Germany, their main distribution, in terms of quantity and quality, is in
southern Germany. In a current project financially supported by the Ministry of Rural Affairs
of the state of Baden-Wuerttemberg the status of extensive grasslands and associated
agricultural systems was examined. Of major interest are the socio-economic situations of
farmers and their perceptions of agricultural policy. In this context benefits as well as
shortcomings from an economic and environmental point of view were focused. Stakeholders
in conservation, and also farmers, who are still dedicated to continue with management of
extensive grassland systems, express considerable concern of what will happen after the year
2013 (EC and EEN, 2009). First concepts of a new common agricultural policy (CAP) have
already been presented and controversial debates about future perspectives for extensive
grassland management strategies in Europe have been started (www.reformthecap.eu).

Study area and methods

The study focuses on 7 regions in Baden-Wuerttemberg with documented distribution of
HNV grassland. The empirical basis was developed alongside socio-economic investigations
of various types of livestock-keeping farms, which had been chosen because of their
importance in terms of distribution, size and ecological quality of HNV-grasslands. The
typology follows the nomenclature of the European Habitats Directive (Table 1).

Results and discussion

Of crucial concern for the continuation of extensive grassland management is the situation of
the dairy sector in less favoured areas. Using the dairy cow census of the state of Baden-
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Wuerttemberg as an indicator, the average number of cows dropped from 874453 to 358136
between 1960 and 2009 (decline of ~ 60 %, Figure 1). There are dramatic losses of up to 95%
in certain districts. The decline of cows is not linked to reduced milk production, as progress
in breeding and new forms of feeding have more than equalled declining cow numbers. A
detailed analysis unveils that the most dramatic changes have happened in grassland-
dominated mountainous regions often associated with small-scale farming structures, in
(previous) grassland regions which had been turned into maize fields, and in regions with a
socio-economic pull of adjacent urban agglomerations. Thus, dairy farms are increasingly
concentrated in regions where there is the possibility of intensive silage production and with
suitable conditions for supplement maize production. In general, it can be observed that even
dairy farms in low productive grassland regions are about to abolish pasturing entirely.

=°'E‘°% Figure 1: Decline of dairy
aber 10% bis 20% .
I s 20% bis 30% cows from 1960 to 2009 in the
Eﬁj:t:z: districts within the state of
] avor s0% bis 60t Baden-Wuerttemberg. Cow
—— numbers in 1960 are set as
iiber 70% bis 80% . . .
o 80t s 9% 100% for each district. White
iiber 80% bis 100% t rban areas
I i 100%. 2 = 2 spaces represent u .
e B o

Table 1: List of Natura 2000 biotopes, which result or which depend on low intensity
agricultural systems for the federal state of Baden-Wuerttemberg.

Type and Natura 2000-Code Related agricultural system

Dry heathland (4030) Extensive livestock with sheep (grazing)
Formations with Juniperus communis on

calcareous heaths or grassland (5130) Extensive livestock with sheep/cattle (grazing)

Karstic calcareous grasslands (6110) Extensive livestock with sheep (grazing)

Xeric sand calcareous grasslands (6120) Extensive livestock with sheep (grazing)

Formations on calcareous substrates (6210) Extensive livestock with sheep (grazing and hay-making)
Formation with Nardus stricta on silicious Extensive livestock with cattle/dairy (grazing and hay-
substrates in mountain areas (6230) making), suckler cow systems

Extensive livestock with cattle/dairy (special uses for bedding

Molinia meadows on chalk or clay (6410) and hay-making)

Lowland hay-meadows (6510) Traditional livestock with cattle/dairy, suckler cow systems
Mountain hay meadows (6520) Traditional livestock with cattle/dairy, suckler cow systems
Alkaline fens (7330) Extensive livestock with cattle/dairy (special uses for bedding

and hay-making)

In association with the present detrimental economy of dairy farms, and also paralleled with a
continuous reduction of CAP support, an accelerated structural change was introduced with
the revision of the milk quota stock in 2007. Large quantities of quota have left states with
significant shares of low intensity dairy systems such as Baden-Wuerttemberg and Hesse, and
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were transferred to intensive production regions in Northern Germany including the states of
Lower Saxony and Schleswig-Holstein (Table 2). Disparities also exist at the state level and
quotas always tend to go to the favoured regions, which allow arable systems.

Farmers also expressed severe concern that constantly rising rents for grassland, which
previously was considered as being marginal, are challenging the economy of extensive
grazing systems that have suckler cows or/and sheep. This development is mainly driven by
the growing importance of biomass production. This in turn leads to significant losses of
grassland by ploughing and conversion to energy crops (Lind ef al., 2009).

Table 2: Results of milk quota trading in 10° kg according to the German stock region West
since the introduction in 2007 (plus numbers stand for gains, minus numbers express losses of
milk quotas in the according states).

Trading regions ~ Jul 07 Nov07 Apr08 Jul08 NovO08 Apr09 Jul09 Noy0o > Since

2007
BW * -37.620  -9.606 -16.377 -7.819 +0.822 -2.468 +0.134  -5.083 -78.016
Bavaria -22.900 +22.319  -9.689 -11.083 +1.309 +9.248 -5.894 -7.364 -24.054
Lower Saxony ' +88.900 +0.749 +35.874 +27.619 +1.413 -17.096 -7.992 +4.355 +133.822
NRW * -3.050  -5.617 +0.639 +2.364 +0.688 +6.750 +16.591 +13.671  +32.704
Hesse -13.820  -5.809 -5.644 -6.480 -3.120 +0.112 -5.188  -4.166 -44.114
RP? -11.500 -2.036 -4.803  -4.602  -1.113 +3.453 +2.349 -0.514 -18.766

" responsible for the states of Lower Saxony, Schleswig-Holstein, Hamburg und Bremen, > Rhineland-Palatinate,
responsible for the states of Rhineland Palatinate and Saarland * Nordrhine-Westfalia * Baden-Wuerttemberg

Conclusion

The investigations express a clear picture of the dramatic loss of extensive grasslands as
unique agricultural ecosystems. It is estimated that species-rich grasslands in the South-West
of Germany have diminished by 85% in the last four decades (from 300000 hectares to less
than 40000 hectares). Even in designated conservation areas, like Natura 2000-sites, severe
quantitative and qualitative losses of high-nature value grasslands are being observed. Long-
term discussions and repeated demands for strategies have not yet resulted in sustainable
management concepts. It has to be concluded that market-orientated dairy production cannot
be followed as a mainstream approach to support the survival of HNV grassland in general.
More emphasis should be given to the development of tailored and economically vital
extensive grazing systems. Such systems can be realised with the few farmers remaining in
less favoured areas, with reasonable demand for capital, best linkages to ecosystem service
approaches and regional marketing initiatives (Luick et al., 2009).
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Abstract

Grazing affects people, planet and profit. In general, the farmer’s income will be higher when
grazing of dairy cows is applied. We studied the economic effects of grazing for situations
where we expect that grazing is difficult to apply. These situations could result in lower
incomes for grazing. Farms with automatic milking systems, a small grazing surface, a large
herd and/or a high milk yield per cow were studied. For the situations with automatic milking
systems, large herds and high milk yields per cow, the farmer’s income remained the highest
for grazing. The difference between grazing and zero-grazing, however, was smaller than for
farm situations without restrictions. In situations with more than 10 dairy cows ha™ grazing
surface, zero-grazing was more profitable than grazing. There was a strong relationship
between intake of grass in pasture, on a typical farm, and the difference in income between
grazing and zero-grazing. The more grass the cows eat in the pasture, the larger the income
profit from grazing compared to zero-grazing.

Key words: economy, grass intake, grazing, income

Introduction

In northwest Europe, grazing is a matter of public concern (Van den Pol-van Dasselaar ef al.,
2008). Main reasons for this are animal welfare, biodiversity and the positive image of
grazing. Grazing has both positive and negative effects on the environment, the most obvious
being nutrient loss. In the end, personal motivations and habits of the farmer will be decisive
in the choice between grazing and zero-grazing. Next to labour input, economy is thought to
be one of the most important components of these personal motivations. In general, grazing is
more economic for farmers than zero-grazing (Kennedy et al., 2005; Van den Pol-van
Dasselaar et al., 2008). However, an average situation will not be applicable to all farms.
Certain conditions may be less favourable for grazing.

The current trends in livestock farming in northwest Europe may have caused a shift from
economic advantage of grazing to economic advantage of zero-grazing. Average herd sizes
increased during the last years and the number of automatic milking systems increased.
Grazing of large herds is difficult to manage. Even though grazing in combination with an
automatic milking system is possible, it is experienced as difficult. The average milk
production per cow has increased, and farmers with high yielding cattle like to control rations.
Again, control of rations is more difficult in grazing situations. Finally, reasons for zero-
grazing may be better grassland utilisation, the need to reduce mineral losses and labour
efficiency. In northwest Europe the popularity of grazing is declining. Even though the
number of grazing cattle is still relatively high (80-90%), it is decreasing.

Materials and methods

We studied the economy of farms in the Netherlands with less favourable conditions for
grazing. We used the model DairyWise (Schils ef al.,, 2007). The DairyWise model is an
empirical model that simulates technical, environmental, and financial processes on a dairy
farm. The central component is the FeedSupply model that balances the herd requirements, as
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generated by the DairyHerd model, and the supply of homegrown feeds, as generated by the
crop models for grassland and corn silage. The GrassGrowth model predicts the daily rate of
dry matter accumulation of grass, including several feed quality parameters. The final output
is a farm plan describing all material and nutrient flows and the consequences on the
environment and economy.

First, the economy of average farms on sand and clay soil with 15000 kg milk ha™ and 20000
kg milk ha" was calculated for grazing and zero-grazing. Second, the economy of grazing and
zero-grazing was calculated for non-average farms with less favourable conditions for
grazing:

1. Automatic milking (including additional selection equipment prior to grazing for € 7000),
2. Small grazing surface (25% of total farm area instead of 75%),

3. A large herd (150 animals instead of 75),

4. A high milk yield per cow (9500 instead of 8000 kg cow™ yr™).

Finally, the difference, in economical performances, between grazing and zero-grazing was
calculated.

Results and discussion

In situations without restrictions, the farmer’s income was higher for grazing than for zero-
grazing (Figure 1). However, the difference varied between 0 and 2.5 € per 100 kg milk
produced. For grazing, the costs of e.g. concentrates, contract work for harvesting grass and
feed, and feed storage remain low, leading to a higher income per kg milk produced. The
range in farm income can be explained by variation in individual farm situations.

For the situations with automatic milking systems, large herds and high milk yields per cow,
the farmer’s income is also on average highest for grazing. However, the average profit of
grazing was smaller than for situations without restrictions.

+3,0
+2,0 4

+1,0 4

Difference between grazing and
zero-grazing (€ per 100 kg milk)
+
o
°
—
-4

Figure 1. Range in effect of grazing on the farmer’s income. Positive numbers indicate an
economical advantage for grazing.

The above implies that for most farm situations, grazing is economically attractive. There is
one exception, however. If the area available for grazing becomes too small, the grass intake
will be limited. If the grass intake is too low, the economical profit of grazing will disappear.
Figure 2 shows the strong relationship between intake of grass in pasture, on a typical farm,
and the difference in income between grazing and zero-grazing. The break-even point is at a
dry matter grass intake of approximately 600 kg cow™ yr''. This translates to situations with
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approximately 10 dairy cows ha™' grazing surface. In situations with more than 10 dairy cows
ha™', zero-grazing becomes more profitable than grazing.

+2,0
+1,5
+1,0 -

+0,5

+0,0

-0,5

zero-grazing (€ per 100 kg milk)

Difference between grazing and

0 500 1000 1500 2000
Grass intake (kg DM cow™ yr™)

Figure 2. Effect of grass intake on the farmer’s income at an average milk production of 8000
kg cow™ yr’!. Positive numbers indicate an economical advantage for grazing.

Conclusions

Model simulations showed that in general grazing is economically more attractive than zero-
grazing, even under unfavourable conditions. The only exception is when the available
grazing area is too small in relation to the number of animals in the field. Increasing the grass
intake can enlarge profits. It was shown that the more grass the cows eat in the pasture, the
larger the income profit from grazing compared to zero-grazing. These results were confirmed
by on-farm participatory research on 60 dairy farms in the Netherlands with less favourable
conditions for grazing (www.koeenwij.nl). We conclude that economy is not the most
important influencing factor for grazing in northwest Europe.
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Abstract

In Oman’s mountain regions, lifestyles and infrastructure in rural communities are rapidly
modernizing. To determine the effects on the agro-pastoral goat husbandry, activities and herd
sizes of goat-keeping households (HH) in three Al-Jabal-al-Akhdar oases were assessed by
semi-quantitative interviews (n=28) in autumn 2006. Labour input into goat husbandry was
quantified in 15 HH. Map-based interviews (n=10) were used to identify village pastures and
to calculate stocking rates. In September 2007, herbaceous ground cover and biomass yields
were estimated in 10x10m? plots at grazed (n=14) and ungrazed (n=11) sites. At 18+16.3
goats HH™', daily labour input was 13+8.3 min goat. Livestock herding additionally required
<8 h d', but since 6+4.8 persons HH™' pursue an off-farm activity, farmers increasingly
abandon this practice. Stocking rates on village pastures were <0.29 goats ha™', but housing
construction continuously decreases the available grazing area and village pastures overlap, so
that >0.8 goats ha™' graze near settlements. Ground cover (%) and dry mass (kg ha™) of the
herbaceous vegetation were strongly reduced at grazed (45+10.1; 20+8.2) compared to
ungrazed sites (82+11.7; 573£179; P<0.01). Modernization processes in Oman’s mountain
communities thus amplify the degradation of the natural vegetation and threaten the future of
the agro-pastoral goat husbandry.

Keywords: Goat; Modernization; Oman; Overgrazing; Pastoralism

Introduction

In Oman’s semi-arid highland regions traditional goat production is based on irrigated fodder
cultivation and homestead feeding of small amounts of purchased concentrate feeds in
addition to grazing the natural rangeland vegetation. The input of family labour and its
knowledge on traditional feeding and grazing practices allowed for an age-long use of the
natural fodder resources (Dickhoefer, 2009). However, infrastructure and lifestyles in rural
communities are rapidly modernizing, thereby initiating profound changes in the local
husbandry system (Zaibet et al., 2004). The aim of this study was therefore to analyse the
effects of recent socio-economic changes on the traditional goat husbandry, farmers’ pasture
management practices and thus on rangeland vegetation.

Materials and methods

In autumn 2006, semi-quantitative interviews were conducted with one adult of all goat-
keeping households (HH) in Masayrat ar Ruwajah (n=12), Qasha’ (n=6) and Ash Sharayjah
(n=10) in the central Al-Jabal-al-Akhdar region (57°40'E, 23°04'N, 1000-2000 m a.s.l.). HH
composition, activities and goat herd sizes were quantified. Labour input into goat husbandry
was enquired in 15 HH. Map-based key informant interviews (n=10) were used to identify
village pastures and to calculate stocking rates. Herbaceous ground cover was visually
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estimated in 10x10m? plots along 700-1400 m long transects at grazed (n=14) and ungrazed
(n=11) plateau sites of similar altitude and geographical setting at the end of the warm and
rainy season in September 2007. Herbaceous biomass was quantified in each plot according to
Schlecht et al. (2009). Dry matter (DM) concentrations were determined in two pooled
samples per site (Naumann et al., 2004).

Results and discussion

In autumn 2006, HH comprised on average 12+6.4 persons (Table 1). While at least one
person obtained a non-farm income in every HH, only 10 HH regularly sell animals despite
the high prices for live goats at local markets (Dickhoefer, 2009). Because food and fertilizers
are cheap at local markets, the supply of meat and milk as well as of manure for crop
fertilization depreciates. Hence, farmers claimed that they keep fewer animals than in the past,
reflecting the decreasing importance of goat husbandry for farm HH and the ongoing socio-
economic changes in the livestock system.

At 18+16.3 goats HH™, the feeding, milking and cleaning of the stables, the harvest of fodder
and the collection of tree leaves in the mountains daily required 13+8.3 min goat”. While
seven farmers did not perceive any problems related to goat production, the depletion of the
pasture vegetation, the high expenses for purchased feedstuffs and, in particular, the lack of
irrigation water for the cultivation of fodder and the high labour demand were constraints
mentioned by farmers (Fig. 1a). Livestock herding required <8 h d”' (n=14). However, since
6+4.8 persons HH' pursued an off-farm activity (employment, professional training, school
or university attendance), family labour force is largely withdrawn from agriculture. Hence,
farmers increasingly abandon this practice, leading to locally very high grazing pressure
(Turner et al., 2005).

Calculated stocking rates on village pastures of <0.29 goats ha™ were low. Road and housing
construction as well as the exclusion of large plateau areas for public and military purposes
continuously decrease the area available for goat grazing. Moreover, due to the abandonment
of the traditional coordination of pasture use among villages, village pastures overlap
nowadays, so that >0.8 goats ha™' graze near settlements. Hence, vegetation cover (%) and
herbaceous biomass (kg ha” DM) were much lower at grazed (45+10.1; 20+8.2) than at
ungrazed plateau sites (82+11.7; 573+179; P<0.01; Fig. 1b), showing the severe effect of
livestock grazing on the natural vegetation and confirming earlier reports of overgrazing in
the region (Schlecht er al., 2009). However, goat keeping is an important asset to religious
and traditional custom and as a major tourist attraction essential for the regional development
(Dickhoefer, 2009). While grazing reduces feeding costs for farmers and renders goat keeping
profitable, increased roughage feeding at the homestead reduces the animals’ feed intake
during grazing (Dickhoefer, 2009).

Table 1. Herd sizes of goat-keeping households (HH) and sizes and stocking rates of village
pastures of three oases villages in the central Al-Jabal-al-Akhdar Mountains, Oman.

HH HH Goats  Herd sizes Village Stocking
members pasture rate

Village Total  Goat-keeping  MeantSD (n) Mean+SD (ha) (goat ha™
Ash Sharayjah 12 10 10.6+5.7 74 6.4+3.2 7.1 0.10
Qasha’ 10 6 18.346.8 126 21.0+£22.7 11.4 0.11
Masayrat ar 16 12 105552 306 255156 10.5 0.29

Ruwajah
SD = standard deviation
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Fig. 1. a) Problems in crop and livestock husbandry perceived by interviewed farmers
(n=28) in three villages (multiple answers were possible); and b) the ground cover (primary
y-axis) and mass (secondary y-axis) of the herbaceous vegetation at grazed (light grey,
n=14) and ungrazed (dark grey; n=11) sites in the central Al-Jabal-al-Akhdar region, Oman
(means, error bars indicate one standard deviation).

Conclusions

Recent modernization processes in Oman’s mountain communities have profoundly altered
traditional goat husbandry practices, amplifying the degradation of the natural pasture
vegetation and threatening the future of the agro-pastoral goat system. An adapted homestead
feeding of goats in combination with farmers’ traditional grazing practices may allow for an
economically viable goat production and reduce grazing pressure on the natural vegetation.
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Abstract

This paper presents a survey on long-term effects of management and socio-economic factors
on the evolution of mountain grasslands in Central Apennine. The grasslands are subjected to
common use, and we aimed to identify sustainable measures for their conservation. Recording
of the vegetation and land use changes over the last fifty years highlighted the abandonment
of arable land and a strong decrease of stocking rates. The associated increase of the surface
area of open grasslands was followed by shrub encroachment. It is argued that the legislation
and the public administration may have influenced the observed patterns. Management
strategies are discussed to conciliate grassland production and conservation according to the
need for direct financial supports to collective bodies.

Keywords: grasslands, shrubs encroachment, management, legislation, collective property.

Introduction

Over the last decades most of the territories of Central Apennine were affected by strong
changes of the historical conditions of settlement and management (D’Ottavio et al., 2008).
The changing management and abandonment was demonstrated to have a strong effect on the
conservation of grasslands and shrublands of community interest (Directive 92/43/EC, i.e.
habitats 6210 and 5130) (Caballero et al., 2010). At the same time, a reduction in herbage
production and in nutritive value is found as a result of shrub encroachment in grasslands
(Zarovali et al., 2007). The paper presents a survey on long-term effects of management and
socio-economic factors on the evolution of grasslands in a case study. We aimed at
identifying sustainable measures for the conservation of grasslands subjected to common use.

Materials and methods

The research was performed at ‘Piano di Macereto’ (Macerata province, latitude: 42°57'N,
longitude: 13°06’E) on grasslands of about 600 ha (at 900-1300 m a.s.l.) with a prevalent N
exposure and calcareous-loamy bedrock, mean annual 7.6°C of temperature and 1246 mm of
precipitation. Grasslands are subjected to common use by the residents of Visso and Ussita
municipalities. Aerial photography and orthoimages from 1955, 1978, 1998 and 2005 were
processed in a geographic information system (Plieninger, 2006) using software ArcGIS
(ESRI). Vegetation and land use changes over a 50-year period were identified and quantified
in terms of the arable land, open grassland, shrub-dominated surfaces and woodlands
(Burkinshaw and Bork, 2009). Land management was analysed (i) by aerial photographs, (ii)
by interviews to local shepherds and farmers on cropping, grazing and grassland management,
and (iii) by the consultation of documents kept into the Historical Archive of Visso recording
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detailed data on grazing management from XV century. Socio-economic factors took into
account demography, legislation and administrative system connected to land management.

Results and discussion

Subsequent to 1955, the arable land of the study area declined from 70% to 5% of the total
surface, while at the same time a progressive increase of open grasslands was observed (Fig.
1). Between 1955 and 1978, this increasing surface of grassland has been used by a raising
number of grazing animals (Fig. 2) and for hay production. Periodic tillage and cut of the
more fertile and productive areas until the 1970s prevented the spread of shrubs, which in
other cases was considerable and not restrained. From 1978 to 2005, the open grasslands
declined by 30% and the encroachment by shrubs (mainly Juniperus communis and J.
oxycedrus) increased at the same rate. These trends were related to the abandonment of
grassland management and to the decreased stocking rates (Fig. 3). This process is still active
and favoured by the understocking conditions. A mean stocking density, calculated on the
open grasslands, of 55.5% of the potential carrying capacity was recorded (unpublished data).
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Figure 3. Evolution of the stocking rates Figure 4. Evolution of the residents in Visso
(SLU: Standard Livestock Units) on the and Ussita municipalities.
open grasslands in the study area.

The crisis of the traditional breeding (Santilocchi and D’Ottavio, 2005) and the abandonment
of the grazing by most of the local and transhumant farmers occurred in concomitance with
the high demographic decrease recorded from the seventies in the territory (Fig. 4).

From the 1980s, legislation and the public administration may have influenced the observed
patterns increasing the problematic conservation of the grasslands. The measures adopted by
Marche Region for the protection of juniper seem emblematic. RL 7/1985 listed the protected
species, in which juniper was not included (Table 1). But it defined de facto the lands with
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minimum shrub coverage of 50% and an extension of 5000 m” as woods. In any case, it
provided for felling authorisation where this aimed to provide land-improvements.

Table 1. Regional Legislation (RL) affecting the protection of Juniper species and formations.

RL 7/1985 8/1987 6/2005
Juniper protection as species No Yes No

as formation Yes Yes No
Juniper clearing Yes Yes Yes

From 1987 RL n. 8 added J. communis among the protected plants as a single species (Table
1). J. oxycedrus, which is the most abundant in the study area, was not included but often
confused with the first and subjected to protection.

From 2005 RL n. 6 ‘Regional Forestry Law’ does not anymore protect any juniper species. At
the same time, according to national legislation, it provides a new definition of wood in which
the shrub-dominated grasslands are not included. In the meantime, over a 20-year period of
intensive vegetation dynamics, some shrub-dominated surfaces turned into woodlands.
Surface reductions of woods for land-improvements are not authorised by the law.

Common Agricultural Policy 2010 and Rural Development Programme 2007-2013 adopted
by Marche Region provide payments to remove shrubs from grasslands when their
encroachment is not prevented by the animals. But they are addressed to single farmers and
not to public or collective bodies to which the studied grasslands belong or are administrated.

Conclusions

Changed management and abandonment in addition to legislation restrictions were
demonstrated to make difficult the long-term conservation of the grasslands of the study area.
Different actions could be undertaken to conciliate grassland production, as reclaimed by
local populations, with conservation aims. Normative adjustments for providing direct
financial supports to collective bodies are advisable. Target-oriented grassland rehabilitations
should be based on sustainable management. Among all, it should include (i) the application
of stocking density according to the carrying capacity of the pastures, (ii) the control of the
invading shrubs, and (iii) the adoption of a rotational stocking. On this matter, to implement
more effective intermittent grazing by different animals (cattle, horses and sheep) fencing and
drinking-troughs should be provided (D’Ottavio et al., 2008).
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Abstract

Since Switzerland is not a member of the European Community, EU, it pursues its own
agricultural policy, which imposes increased competition and an incremental approach to
European conditions. In Central-Switzerland, situated in the northern foothills of the Alps,
there are grassland areas as well as mountain areas of high natural value with particularly
unfavourable topographical and climatic conditions. In 2008, the average agricultural area of
the 3817 Central-Swiss dairy farms was 16.8 ha with a milk supply on contract of 106366 kg
per year. Full costs analysis shows that farms in the lowland areas are more productive than
mountain farms. The dairy industry, especially the cheese factories, which process 49% of the
total milk production, plays an important role in adding value in remote valleys. A promising
prospect under these challenging conditions, (e.g. free cheese trade with the EU and the
abandoning of milk quotas) is the processing of niche products including specialities and
brand merchandising.

Keywords: Swiss agricultural policy, dairy industry, productivity, cheese, value added chain,
sustainable development

Introduction

Central-Switzerland (C-CH) consists of six cantons; Lucerne (LU), Nidwalden (NW),
Obwalden (OW), Schwyz (SZ), Uri (UR) and Zug (ZG). Forest accounts for 29.1% of the
total C-CH area of 4484 km?, 41.3% is agricultural area, 5.6% is occupied by settlements, and
24% is denoted as ‘unproductive land’ (LUSTAT, 2009). In 2005, 7.9% of the total working
population (367306) of C-CH was engaged in the primary sector (agriculture, forestry,
fishery), 28% in the secondary sector (industry, handicraft), and 64.1% in the tertiary sector
(services). There are significant differences between the cantons, e.g. in OW 12.7% of the
working population worked in the primary sector, but only 3% did so in ZG. Also, in ZG,
70.3% are engaged in the tertiary sector (services). The aim of this study was to investigate
the evolution of the dairy industry from 1996 to 2008 and especially the production costs of
dairy farms in C-CH under different geo-economical and political conditions (Swiss Federal
Office for Agriculture (FOAG), 2009).

Materials and methods

Data on agriculture, dairy farms and factories, milk processing, consumption of cheese and
food were taken from FOAG (2010), TSM Treuhand GmbH (2010), Central Switzerland
dairy farmers’ association (ZMP, 2010), Swiss Milk Producer (SMP, 2009) and GOTTLIEB
DUTTWEILER INSTITUTE (GDI, 2008). Full cost accounting data based on the analysis by
Holtschi et al. (2009) and full cost accounting was performed according to VOKO-Milch +
Schweine by AGRIDEA (2009).
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Results and discussion

Analysis of the farm size structure: Table 1 shows the evolution of farm size structure in C-
CH and CH from 1996 to 2008. During this time the share of full-time farms was reduced by
5.5% in C-CH, whereas their share slightly increased all over CH.

With regard to farm size structure there are considerable differences between mountain and
valley regions. In 2008, full-time farms made up 81% of all farms in ZG and consisted of 20
ha agriculture area, in LU 78% and 17.3 ha, and in UR 52% and 13.4 ha. OW and NW were
similar to UR. In 2008, 51.8% of all C-CH farms were in mountain areas (34% in LU, 87.5%
in UR, 71.1% in SZ, in OW 76.6% in OW, 79.1% in NW and 52.9% in ZG). 8.9% of all C-
CH farms were organic farms (25.1% in OW, 13.1% in NW, 12.4% in ZG and 5.7% in LU).
In general, the reduction in the number of farms in C-CH was similar to that in Austria and
France, but lower than in Germany and Italy.

Table 1. Farms size structure in Central-Switzerland in comparison to Switzerland from 1996
to 2008.

Farms Cultivable area
full-time Open arable ~ Main forage farm full-time
Region and year Total farms, % land, % area, % area, ha  farm area, ha
Central-Switzerland 1996 11475 79.9 11.2 89.7 12.1 13.9
Switzerland 1996 79479 70.4 28.5 72.7 13.6 17.4
Central-Switzerland 2008 9467 74.4 10.9 90.1 14.4 16.7
Switzerland 2008 60894 72.2 26.3 74.7 17.4 21.2

Dairy farms: From 1999 to 2008, the milk quota (since 2006 by private regulation the milk
supply has been on contract with the ZMP) rose by 44.6% to an average of 106366 kg milk
per farm and per year, which was very similar to the total Swiss average. The number of dairy
farms decreased by 34.5% to 3817 and milk delivery per ha increased by 24% to 6331 kg per
ha. The average area per dairy farm also increased by 16.7% to 16.8 ha. In 2008, Swiss
average milk delivery per ha was 21% lower than in C-CH, because the average farm area
was 31.5% greater than the C-CH average. This demonstrates the high intensity of C-CH
dairy farms.

Full costs accounting: Table 2 shows that the agricultural incomes of an average dairy farm in
valley and hill regions were similar. More direct payments compensated for higher direct
costs in hill regions. However, the average direct costs per kg of milk for average mountain
farms (26.7 ha agricultural area, milk supply on contract 106880 kg y™', 19.5 dairy cows) were
essentially higher compared with average valley region farms (26.9 ha agriculture area, milk
supply on contract 203067 kg y', 30.7 dairy cows) due to higher costs for forage (concentrate
included, +27%), overhead costs (machinery +91%, buildings and equipment +33%) and
internal overhead costs (wage entitlement +92%). The average productivity of labour (kg milk
per working hour) was 68 on a lowland farm compared to 43 on a mountain farm.

Full-time grazing systems in the valley region showed a 27% higher labour income (€ h™")
than half-time pasture based systems. Organic farms showed a 39% higher labour income (€
h™") than usual farms (e.g. with an ecological performance certificate) and farms with hay
conservation systems 24% higher than farms with silage.

In mountain regions, only full-time grazing systems generated a better labour income while
farms with hay conservation systems and organic farms had a lower labour income.

Milk processing and cheese factories: In 2008, within C-CH, 49% of the total amount of milk
was processed to cheese, 37% to milk preserves, 8% to yoghourt, 2% to cream, 4% to market
milk and other products. In 2008, within C-CH, there were 34 Emmental cheese factories

110 Grassland Science in Europe, Vol. 15



(70% fewer than in 1999), 16 Sbrinz cheese factories (45% fewer than 1999), 3 Le Gruyere
cheese factories (as in 1999) and 8 semi-hard and soft cheese factories (11% fewer than in
1999). This immense decrease of hard cheese factories (Emmental, Sbrinz AOC) was due to
changes in eating and consumption behaviour towards soft and semi-hard cheese, to
abandonment or merger of uncompetitive small units, and to the farmers changing their
conservation system from hay to silage or abandoning milk production in favour beef
production.

Limitations: The farms for the full costs analysis were not randomly selected. These data were
recorded from farms whose manager was attending further vocational training in dairy
farming. We suspect that these farms have a higher performance than average ones.

Table 2. Full costs analysis of dairy farms (mean + SD) in valley, hill and mountain regions in
Central-Switzerland.

Bookkeeping data from 2005 - 2008 Valley region Hill region Mountain region
Costs and income are per kg milk. 223 dairy farms 121 dairy farms 56 dairy farms
Direct costs (Cent kg™ -18.8 +54  a* -18.2 +5.0 a -22.4 +83 b
Overhead costs (Cent kg™) -27.8 +7.6 a -30.8 +109 b -402  +156 ¢
Internal overhead costs (Centkg ) -245  +£106 a -32.2 +139 b -458 +188 ¢
Full costs (Cent kg™) 711 £120  a -81.1 +165 b -1084 +£278 ¢
Milk price (Cent kg™) 495  £3.6 49 £4.7 497 =79
Direct payment (Cent kg™ 11.6 +4.0 a 18.4 +78 b 363 £152 ¢
Profit/loss (Cent kg™") -100 +122 a -13.7 +11.2 b 223 £169 ¢
Labour income (€ h™) 11.2 +63 A 11.1 +48 A 9.3 +43 B
Agriculture income (€) 27636 +21702 27194  +£20024 22690 =+ 14000

* Different lower-case letters indicate significant differences in mean values: P < 0.01 %, different capital
letters: P < 0.05 %.

Conclusions

In C-CH, the share of full-time farms mainly decreased in mountain regions. Therefore, jobs
providing additional income are essential in such fringe areas.

With regard to the high production costs of the dairy farms and the agricultural policy, small
to medium sized farms, especially, are under considerable strain, which will increase in the
future. The productivity of the dairy farms in all regions must improve due to rising
competition, e.g. co-operation, particularly with respect to farm mechanisation, becomes very
important.

In mountain regions, cheese factories maintain added value. If cheese factories can be
developed, apart from improving their efficiency, they may also generate a higher-than-
average milk price through milk-based specialities and the merchandising of these products
(e.g. cave-aged Emmental cheese) in the European marketplace. Such a milk price would
partially compensate for higher production costs in mountain areas.
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Abstract

From 1998 to 2006 grassland management has been monitored on the Low Cost research farm
in Flevoland, the Netherlands, on young marine clay. Targets for the costs of grassland
management on this farm were: low input of mineral fertilizers (N, P), minimal use of
herbicides, long grazing season, efficient use of labour and minimal grassland renewal.
Rotational grazing and permanent grazing were successively implemented and monitored.
The type of management that matched the targets closest, turned out to be a system of
continuous grazing. Nitrogen (N) fertilization was reduced from 275 kg ha™ in 1998 to 145 kg
ha in 2003 (including N from slurry). The net average grassland dry matter yield was 11.5 t
ha”. The N and phosphorus (P) content of manure strongly decreased over the years.
Permanent grazing reduced labour, improved efficiency of fodder production with lower
costs, but lowered the yield.

Keywords: grassland management, low cost farm, permanent grazing, low mineral input

Introduction

In the Netherlands the production factors of soil, labour and buildings are expensive factors
and the milk price is relatively low. For Dutch farmers it is important to control the costs for
production. From 1998 to 2006 a research farm, called the ‘Low Cost Farm’ was founded on
the Waiboerhoeve in Flevoland, the Netherlands, on young marine clay. The purpose of the
project was to develop a system (case study) and advice for farmers on how to produce milk
at maximum costs of €0.35 kg'. An efficient use of grassland is important to reach those
targets. However, direct contribution of grassland management to the costs is difficult to
measure. Therefore derived targets were set for grassland management that contributed
directly or indirectly to the total costs: low input of N and P mineral fertilizers, minimal use of
herbicides, long grazing season, efficient use of labour and minimal grassland renewal and
contract work.

Material and methods

The ‘Low Cost Farm’ had a milk quota of 400000 kg until 2003 and 450000 kg from 2003 on.
During the first period the herd consisted of 55 Holstein Friesian (HF) cows, and from 2003
of 30 Montbéliarde and 30 HF cows. The average annual milk production was 8200 kg per
cow. The rate of young stock was kept low, matching a replacement of 20%.

During the whole period the length of the grazing season, milk production, concentrate use
(maximized to 1600 kg per cow, including young stock), mowing percentage, total N and P
fertilization and grass silage yield (fodder supply) were registered. The fresh grass uptake by
the cattle was estimated or calculated. During the first period (1998-2002) a rotational grazing
system was used. The total grassland area was subdivided into 21 small (1.2 ha) paddocks.
During the first two days dairy cows grazed a fresh paddock, which were in turn followed by
young stock grazing on the same paddock for the next two days. Most years, the grazing
season for young stock started after the first cut to make it possible to use a greater area for
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the first cut. During the whole grazing season, calves grazed on aftermath. After 2002, the
rotational grazing system was changed to a continuous grazing system. The dairy cows grazed
about one month at a time on a large area (8-10 ha), while the young stock grazed in a
different plot. The annual net dry matter (DM) grass yield (kg ha™) was calculated as the sum
of animal intake of silage and fresh (grazed) grass (Fig. 1). Intake of fresh grass was predicted
from energy intake, intake capacity and milk production.

To reduce the phosphorus (P) input, P was only supplied in slurry after 2003. A grass-clover
mix was introduced in 1998 in order to compensate for low N input. As average Dutch dairy
farms expand every year, the ‘Low Cost Farm,” as a representative farm, was expanded as
well, both in herd size and area (from 32 to 33.45 ha).

Because the ‘Low Cost Farm’ was used to develop a system statistical tests were not
applicable.

Table 1. N and P applied as mineral fertilizer and manure during 1998-2005 (in kg ha™)

Year N mineral fert. Manure N Total N P mineral fert, P Manure P Total
1998 225 53 278 11 15 26
1999 186 82 268 14 15 29
2000 127 73 200 11 7 18
2001 136 51 186 10 17 27
2002 119 66 185 9 15 24
2003 53 79 132 0 24 24
2004 89 160 249 0 46 46
2005 182 59 241 0 24 24

Results and discussion

In the period 1998-2003, N application decreased below 150 kg ha™. This low application
level was made possible by the existing stocking rate and the use of white clover (Trifolium
repens). After 2003, N application increased again, while the stocking rate increased (Table 1)
and silage yield decreased. The average P application was about 26 kg ha™ yr', mainly in the
form of slurry. Without grassland renewal, manure P could cover the requirements. The
highest silage DM yields were reached in 2001 and 2002 (nearly 200 t for the whole area) as a
result of a higher mowing percentage (Evers et al., 2002-2006). The lower silage yield of the
previous three years reduced contract work costs. In 2003 the whole first cut was mowed for
silage, because the new expanded herd arrived in June. The average net DM grass yield in the
period 1998-2005 was 11.5 t ha™', which is 1 t ha™ higher than on average Dutch farms (Aarts
et al., 2008). The highest DM yield (almost 14 t ha™') was estimated in 2002. In 2003, the
estimated yield was hardly 10 t ha™', as a result of a relatively very dry summer. Total grass
production appears to be lower from 2003 onwards. It turned out to be very difficult on this
particular farm to maintain the clover content of the sward at an optimum level (30-40%)
contrary to research results from other farms on the same soil type (Schils, 2002). An increase
of dandelion (Taraxum officinale) and two types of meadow grass (Poa annua and Poa
trivialis) to the detriment of ryegrass (Lolium perenne) lowered the total grass production
considerably (Bonthuis e al., 2004). Because of the presence of white clover, it was
impossible to use herbicides. Therefore, 2 or 3 ha had to be renewed each year. In order to
grow a protein-rich mixture, red and white clovers in combination with fodder peas and
ryegrass were used for plot renewal. In addition to its effects on grass species composition,
continuous grazing reduced yield and grass intake. Efficiency of the applied N appears to be
lower in the last two years. This effect was caused by the increase in the proportion of
renewed grassland. N application for the first cut was increased in the last two years, in an
attempt to obtain a higher protein content of this cut. Although N-input was very low for
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several years, the total N content of the manure decreased drastically to a content of 1.2 kg
ton”. The equivalent fertilizer N from manure in 2005 was at the same level as in 1998,
despite an increase in stocking rate from 1.40 to 1.76 cows ha™ (Table 1).

The advantages of permanent grazing were a lower input of labour (1%), a reduction in
fencing and a larger area which could be cut or manured in a single operation. Consequently,
a reduction in costs was reached. The total feeding costs for milk were 0.044 € kg™, whereas
the average feeding costs of comparable farms were €0.072 kg™ (Doornewaard et al., 2007).
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Conclusions

On the Low Cost Farm specific grassland management could contribute to a reduction in
costs. Permanent grazing reduced labour, improved efficiency of fodder production but
lowered the yield. Lengthening of the grazing season and minimizing the mowing percentage
reduced contract work costs. The N and P input was low (Aarts et al., 2009), but resulted in a
downwards spiral to a low N and P content of manure. White clover was difficult to manage
on this farm. The total average milk costs on the Low Cost Farm were € 0.34 kg™, equal to the
costs of EDF farmers (Lassen et al., 2009) but much lower then on comparable farms in the
Netherlands, where the average milk costs were € 0.45 kg (Doornewaard ez al., 2007).
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Abstract

In the Czech Republic (CR) dairy cow numbers fell from 1.248 million in 1989 to 384000 in
2009, which negatively influences the utilization of permanent grasslands (about 975,000 ha
and 22.8% of agricultural land). Due to the global economic crisis the farmers’ milk price in
the CR, as well as in other countries, dropped by 20-30% to 0.18-0.20 € kg'. This is about
0.10-0.15 € kg™ below production costs. The considerable economic loss is the main reason
why many Czech farms ceased milk production. This situation is unfavourable in the light of
production (milk, live and beef cattle) and non-productive functions (landscape maintenance,
soil erosion protection etc.) and the observance of the common agricultural policy rules.

Keywords: dairy cows, milk, production, prices, permanent grassland, agricultural policy

Introduction

In spite of a distinctive decrease in dairy cow numbers (by about 864000 and 69%) and milk
production (by 2075 thousand litres and 43%) since 1990, milk production is still a significant
source of income for farmers in the Czech Republic (CR). In 2008 its share of gross animal
production was 41%. The ‘Milk crisis’ caused by a sharp decrease in the price of milk has
resulted, among other effects, in the decrease of farm incomes. The decrease in dairy cow
numbers and cattle in general has had a negative impact on the utilisation of permanent
grasslands, execution of non-productive functions and other indicators. The aim of this
contribution is an analysis of the development of milk production and prices in the CR and
EU in the recent period and possible improvements to the current situation in milk production.

Material and methods

The data of dairy cow numbers, milk production and prices, permanent grassland area and
other indicators are taken from statistical reports of the CR, Eurostat and other sources.
Selected Czech indicators are compared with the EU-15 countries average. Statistical
processing of data is based on common methods and procedures. Prices per litre are converted
to kg with a 0.974 coefficient and from Czech crowns to Euro according to the monthly
referential exchange rates published by the European Central Bank, respectively, at an
exchange rate of 1€ = 26.50 Czech crowns. Due to differences in milk price setting in
different countries and conversion of prices to unified currency, some indicators must be
regarded as approximate.

Results and discussion

According to Kennedy (2009) in 2006/2007 the global demand for milk and dairy products
grew by 2.9%, whereas the supply only by 1.5%. This resulted in stock clearance, distinctive
increase of milk and dairy products prices worldwide and an increase of milk production in
the USA, New Zealand and partly in EU. The growing demand was interrupted in 2008 by an
economic crisis. The milk purchase prices fall from the beginning of 2008 to about mid-2009.
With the price difference per 100 kg of milk between 2007 and 2009 of 6.94 € in the CR, the
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annual loss caused by the crisis can be estimated at 1.24 € cow™ d”', 450 € cow™ y™', 76300 €
y”' per average holding (170 dairy cows) and 180.3 10° € y”' for CR.

In comparison with 2007 this sum represents a decrease of gross animal production by 8.9%.
Fig. 1 and Table No. 1 show lower prices in the CR and their slower return to the level of
2006 than in the EU-15 countries. In the CR the average monthly milk prices in the period
from 2007 to October 2009 were about 0.0475 € kg and 308 € cow™ y™' (sale of 6 500 kg y™)
lower than in the EU-15; in October 2009 milk prices in the CR reached 0.2325 € kg™ which
was 80% of EU-15 prices (0.2902 € kg™). This means that the crisis in the milk sector has
caused greater losses in the CR, and together with lower direct payments per ha of arable land
(Table 2) results in a distinctly worse economic situation for Czech milk producers compared
with those in the EU-15 countries.

The decrease of milk production capacity and cattle numbers demonstrates a certain delay
after the start of the crisis; therefore it is more distinctive in the last months of 2009. In the
CR the decrease of dairy cow numbers can be estimated at 17000 head (4.5%), and the
decrease of milk sales from July to November 2009 in comparison with the same period in
2008 is estimated at 33000 tonnes (3%). In addition to the negative impact on economic
indicators of milk production, the milk crisis also results in the loss of jobs and the decrease
of cattle numbers utilizing permanent grasslands. The decrease of cow numbers by 17000
means job cuts for about 500 people (milkers, tenders of other cattle, service experts and
others), which represents c. 4.5 % of the staff working in the sector of milk production in the
CR.

According to data by Kohoutek ez al. (2009) the current numbers of ruminants in the CR are
not sufficient for utilization of about 17 to 33% (160 to 300 10° ha) of permanent grasslands.
Further decrease in the currently small dairy cow proportion utilizing grazing and conserved
fodder from permanent meadows and pastures cannot be excluded due to economic problems.
Without efficient measures the situation in this ecologically sensitive area will deteriorate
further as a result of the decline of numbers of dairy cows and other cattle.

Table 1. Farmer milk prices development since 2006
Region Indicator 2006 2007 2008 2009"

2007 to 2009

2009? October
EU 15 € (100 kg)" 29.46 33.78 37.06 28.21 33.30 29.02
% 100 100 100 100 100 100
oz € (100 kg)! 26.83 29.47 32.91 22.42 28.57 23.25
% 91 87 89 79 86 80

Source: Ministry of Agriculture of the CR; DairyCo; European Central Bank.
1) January to November, Germany January to October.
2) Average of "monthly" milk prices from 2007 until October 2009.

Table 2. European Agricultural Guarantee Fund Payments (EAGF, 2008)

Payments Indicator EU-15 EU-12 Germany Austria CZ

1 total 10°€" 39205.5 3753.5 5704.0 745.5 445.6
% 100.0 9.6 14.5 1.9 1.1

per ha € 283.4 69.7 334.9 228.5 104.6

arable land” % 100.0 24.6 118.2 80.6 36.9

1) Source: BMELYV (2009); Kvapilik (2009).
2) Approximate data.

116 Grassland Science in Europe, Vol. 15



=—a = EU-15
—t— (7,

EUR/100 kg milk

20 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2006 07/3 07/6 07/9 07/12 08/3 08/6 08/9 0812 093 09/6 09/9
Source: DairyCo; CSU year/ month

Figure 1. Farmer milk prices development (€ (100 kg)™)

Conclusions

The milk crisis in the CR in the last two years resulted in the reduction of dairy cow numbers
and milk production, high economic losses to the farmers and a setback in the utilization of
permanent grasslands. The main solutions for overcoming this current unfavourable situation
are an increase in milk prices at least to the level of its production costs, removal of
differences in direct payments (Kvapilik, 2009) and equal application of the principles of the
common agricultural policy in all EU countries.
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Abstract

In a series of scientific presentations in the years 2007-2009 on the topic of 'values and image
of pasture-based milk production systems', the current state of knowledge on the special
characteristics of this milk production system and the dairy products derived from it were
gathered and the market potential for dairy products from pasture-based production systems
was described. Compared to milk from cows fed with mainly maize silage and concentrate
supplements, milk from pasture-based production systems has higher levels of nutrient
contents that are important for human health (e.g. poly-unsaturated fatty acids). Furthermore,
pasture-based milk production plays an important role for agriculture in fulfilling the various
multifunctional tasks as required by the Swiss Constitution. Consequently, pasture-based
dairy products have a very positive image. Furthermore, studies show that actual consumer
behaviour is favouring naturally produced domestic products. Thus pasture-based milk
products, even though sold at a higher price, do have a market potential.

Keywords: milk production, market potential, fatty acid, multifunctionality

Introduction

The Swiss dairy farmers face a more expensive production environment compared to their
competitors abroad. Higher salaries and small-scale topographic conditions are two major
reasons for this. To cover the additional expenses, they must sell their products at a higher
price, which can be justified by the quality of products and production. In Switzerland, the
dairy cows are fed to about 2/3 with grass, grass silage and hay. This is the one major
distinctive feature of grassland- and pasture-based milk production systems, compared to
most other production systems worldwide, in which cows are fed primarily with corn-based
feed and concentrate supplements. 'Values and image of pasture-based milk production
systems in Switzerland' was the title of a joint action in 2007-2009 to point out the special
qualities of this production system and the dairy products derived from it. The action was
supported by the Federation of Swiss Milk Producers SMP, the agricultural research facilities,
the agricultural advisory centres and the Swiss network for milk production Profi-Lait. In a
series of conferences, experts summarised the current state of knowledge on the following
topics:

= the special qualities of milk from pasture-based production and its components (e.g. fatty

acids) (Stoll ez al., 2007)
= the importance of pasture-based milk production for agriculture in fulfilling the various
multifunctional tasks as required by the Swiss Constitution (Lobsiger and Albisser, 2007)

= the market potential of the dairy products derived from pasture-based production systems
The key messages of the lectures and papers presented in those conferences are summarized
below.
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A) Special characteristics of pasture-based milk and dairy products

In a scientific conference held in November 2007 at the Swiss Federal Research Station
Agroscope Liebefeld-Posieux ALP, the special characteristics of pasture-based milk were
discussed. In particular, influence of grass-based diets on milk fatty acid (FA) composition
and eventual benefits for human health were reviewed. Martin ef al. (2007) summarised that
different feeding strategies do have a significant effect on FA composition in the milk. E.g. he
showed that milk fat from grass-based diets is poorer in short-chain FA and linoleic acid and
richer in a-linolenic acid when compared to corn silage diets. The FA composition and the n-6
and n-3 fatty acids ratio in milk derived from grass-based milk production are consistent with
current nutritional principles and recommendations. However, it could not be answered
conclusively to what extent the differences found are relevant to human health. It is likely,
that with a normal consumption of dairy products, the intake of n-3 and other poly-
unsaturated FA in Switzerland is not high enough to have a preventive or even curative effect
(Stehle, 2007).

B) Added values or public and ecological services

Based on the Swiss Constitution, which describes the multifunctional tasks of agriculture in
Switzerland, the government promotes methods of production that are close to nature,
environmentally acceptable and animal-friendly, encouraging them through economic
incentives. Grass-based production systems meet those requirements in an ideal manner. This
has been shown in a series of colloquiums at the Swiss Federal Institute of Technology ETH
in Zurich 2007 (Lobsiger and Albisser, 2007, presentations see www.profi-lait.ch >
Dokumentation). Some key-messages from the presentations are summarised in this chapter:
Grassland management is indispensable for maintaining an attractive landscape in
Switzerland, which again is one of the main arguments for the local tourism industry.
Furthermore, the intensity of production plays a crucial role for the biodiversity in grassland
regions: the abandonment of farming and thus the reforestation of grassland as an extreme
form of extensification has a negative impact on biodiversity, just as a strong intensification.
In terms of animal welfare, pasture-based milk production systems provide especially animal-
friendly conditions for livestock. Grass is the original feed of ruminants. Those public
services, referred to as added values of milk production in Switzerland, contribute to a large
extent to the positive image of local milk production.

C) Consumer preference and willingness to pay for pasture-based domestic dairy
products

The commercial value of 'swissness' has become a crucial question, as EU and Switzerland
are negotiating a free-trade agreement. The issue of the Swiss consumers’ preference and
willingness to pay for Swiss fresh food products has been studied in-depth since 2008
(Bolliger and Reviron, 2008). Studying the Swiss consumers’ attitude and buying behaviour
regarding 'pasture-based milk production systems' is a tricky exercise, because the
comparison point with milk products obtained using other kinds of production practices is
missing. To evaluate the commercial value of 'swissness' of dairy products it is, however,
possible to extend results that have been obtained for other products (poultry, fruits, apple
juices, meat) for which choice between EU products and Swiss products is effective and
acknowledged by consumers. Results show strong common features and lessons (Reviron and
Thevenod-Mottet, 2009): if sold at the same price as the EU competing product, more than
80% of the interviewed persons prefer the Swiss product. Two kinds of reasons are given
spontaneously by the interviewed persons for explaining their preference: 'ethno-centric'
reasons (linked to general expected benefits: to support the Swiss economy, to support Swiss

Grassland in a Changing World 119



agriculture; ecological reasons such as short transport...) and — less pronounced — 'egocentric'
reasons (linked to the concerned product: method of production, product quality, taste, safety
(controls)...). A second important result is the willingness to pay a higher price for domestic
products: although stated preferences may vary from real customer behaviour in the shops,
remarkably, 80% of the consumers interviewed in a representative survey are ready to pay
more for Swiss products, of which more than half will pay more than 10% higher prices.
Furthermore, the studies revealed that 'egocentric' expected benefits and willingness to pay
increase sharply when the consumer perceives that the quality of the Swiss product is better,
in comparison with the imported product. In this way, the image of Swiss products, i.e. the
'swissness' becomes a strong argument for product placement and advertising (Feige et al.,
2008). That is why it is important to get reliable information on the difference of quality of
milk products according to the feeding strategy and to repeat that milk quality differs
according to the production process. The production system, its influence on quality and the
image of products are crucial elements of differentiation that will become a commercial
argument in liberalised markets.

Conclusions

The action 'Values and image of pasture-based milk production systems in Switzerland' has
shown that the local grassland-based milk production system does have verifiable positive
impacts on the quality of milk and dairy products. Thus it stands out from milk from cows
mainly fed with corn and concentrate supplements. Furthermore, grassland-based and, in
particular, pasture-based milk production systems are indispensable to maintain the typical
Swiss landscape, to ensure biodiversity and to fulfil the various multifunctional tasks as
required by the Swiss Constitution. Swiss dairy products benefit from a positive image based
on these findings. The commercial value of 'swissness' has been described for other products.
Swiss consumers prefer domestic products and are willing to pay higher prices. The more
consumers perceive product differences, the more accentuated this preference is. Thus it is
important to document and to communicate the special values and image of pasture-based
milk production systems in Switzerland.
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Abstract

In order to have a better understanding of the energy consumption pattern in Walloon farms,
energy consumption assessments were made for different farm types. Results showed the
important variability that exists between and within farm types and the importance of direct
energies (fuel and electricity), fertilizers and animal feed on the total energy consumption.

Keywords: energy consumption, direct and indirect energy, Walloon farm, breeding systems

Introduction

Farming systems have to face the increase in energy prices. In 2003, Walloon farming
systems consumed an equivalent of 40 millions Euros of fuel and electricity (Bouquiaux,
2003). At farm level, energy expenditure can be divided into two parts: the direct energy used
on the farm (e.g. tractor fuel) and the indirect energy used to produce and transport inputs like
feedstuffs, fertilizers, etc. It is important to have a better understanding of the diversity of
energy consumption patterns (Meuls et al., 2007) in Walloon farming systems in order to
identify the leeway of progress and to advise farmers on how to improve their energy-use
efficiency (Institut de 1’élevage, 2008).

Materials and methods

Energy consumption was assessed on 20 Walloon farms. Only the results concerning the dairy
and beef farming systems are discussed in this paper (12 farms). The energy balance of the
different farms was calculated using a specific tool called PLANETE (Bochu, 2007). This
tool is based on a life cycle analysis, meaning that for all inputs used on the farm, the total
energy to manufacture, transport and recycle them, are included. All direct energies are taken
into account (fuel and other by-products, electricity, lubricants) as well as all inputs
purchased. The result of the assessment is an energy profile expressed in litres of fuel
equivalent (LFE = 35.8 MJ) per year that can be also expressed per ha, per litre of milk, or per
kg of liveweight.

Results and discussion

There is a great variability among farms in total energy expenditure, ranging between 627 and
2098 litres of fuel equivalent (LFE) per ha (898.4+120.18 LFE ha™ on average). The energy
consumed by different items also varies a lot, since the energy used on a farm depends
strongly on the farm type and its main products and the farmer’s management practices. The
direct energy (electricity and fuel/by-products), fertilizers and animal feed together represent
83% (between 74 and 90%) of the total energy expenditure. In order to analyse variations, the
results are presented for the different productions: milk, beef and crops (Tables 1 to 3). To
account for differences in productivity between farms, for milk production the results are
presented in LFE per 1000 litres of milk sold, and for beef production as LFE per 100 kg of
liveweight sold.
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Table 1: Energy consumption in dairy systems, in litres of fuel equivalent per 1000 litres of
milk and per year. Dairy and dairy/beef farms are included.

Dairy farms (n=3) Dairy/beef farms (n=4)
Mean = std”) [min-max] % Mean =+ std [min-max] %

Fuel and by-products 28.4 +2.68 [23.2-32.1] 24% 25.5+7.29[8.4-42.2] 16%
Electricity 19.8 £3.32 [15.5-26.3] 17% 26.1+7.40 [10.5-45.4] 17%
Feedstuff 19.9 +1.42[18.3-22.7] 17% 59.8 +£22.28 [23.4-115.3] 38%
Fertilizer 27.6 £ 8.04 [14.4-42.1] 23% 25.0+2.80[18.8-30.4] 16%
Agricultural equipment 15.1 + 6.23 [2.9-23.6] 13% 9.3+ 1.58 [6.8-13.9] 6%
and buildings
Young animals, plastic for
silage and veterinary 7.0+ 1.32[4.4-8.7] 6% 10.2 £0.93 [8.7-12.8] 6%
products

119.7+£17.43 N 157.2 +£29.79 o
Total [99.4-154.4] 100% [103.9-242.5] 100%

™ Standard deviation of the mean

For both farms types, the main inputs are similar (fuel, electricity, animal feed and fertilizer)
representing 81% and 87% of the total energy consumption for dairy and dairy/beef farms,
respectively. The difference between dairy and dairy/beef farms is on average 37.5 LFE per
1000 litres of milk. The main difference is due to input of animal feed (19.9£1.42 for dairy
farms against 59.8+22.28 LFE per 1000 1 of milk for dairy/beef farms). With an average value
of 2.39 Livestock Unit (LU) per ha of fodder crops the dairy farms need less external
feedstuff than the dairy/beef farms (3.50 LU per ha fodder crops). In our small sample, the
electricity consumption also seems to be negatively correlated to cow productivity; this can be
explained by the fact that the same amount of milk is produced by more cows in the
dairy/beef farms, meaning an increase of milking time as cow productivity decreases. This
difference is observed in the electricity item between both samples: 19.8+ 3.32 LFE per 1000
litres of milk with an average productivity of 5267 litres of milk/dairy cow in dairy farms and,
for dairy/beef farms, an average consumption of 26.1+ 7.40 LFE per 1000 litres of milk with a
production of 4783 litres of milk/dairy cow.

Table 2: Energy consumption for beef production, in litres of fuel equivalent per 100 kg
liveweight sold per year. Beef and dairy/beef farms are included

Beef farms (n=5) Dairy/beef farms (n=4)
Meanstd” [min-max] % Meanztstd [min-max] %

Fuel and by-products 24.2 +5.48 [9.3-37.1] 21% 24.8 +8.34[9.1-48.4] 20%
Electricity 8.8 +2.29 [2.5-15.5] 8% 1.5 +0.56 [0.3-2.5] 1%
Feedstuff 43.7+10.51 [25.8-84.5] 37% 52.8+15.48 [25.3-82.9] 43%
Fertilizer 17.8 + 4.06 [6.2-29.6] 15% 243 +3.62[19.1-34.9] 20%
Agricultural equipment 1.6 + 3.64 [0.4-23.3] 10% 9.4+2.14[53-15.1] 8%
and buildings
Young animal