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FAO/CIHEAM Mountain Pastures Network.
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FOREWORD

Welcome to the 6Meeting of the FAO-CIHEAM Mountain Pastures SubaMerk in Krakow.

This proceeding must be regarded as a working dentinits edition has been carried out in a shoréti
thanks to the scientific committee and to the l@rglnisers. English isn’'t the native languageloiost

all authors and reviewers of the network. In spitehe variability of their syntax, the texts lidt&ere
have the merit to update knowledge and methoddodibe geographical extent of the participants is
broad, covering regions from all Europe and evesmfrTunisia, Israel and Kyrgyzstan. Such a
multiplicity of study areas illustrates the richaesf the network. The I'7meeting will set up an actual
inventory of researches done at the field scaleetter manage and preserve grasslands. Methodbewill
shared and common protocols established in a wagindorce the scientific evidence of the mountain
pastures contribution to agriculture and environtmen

Primary contribution of mountain pastures, suchfaakler and biodiversity, is clearly conditioned by
natural conditions. Climate, soil, topography afltduale exert their effects on the yield and thé¢apécal
composition of grasslands. Grazing managementiafls@nces their biodiversity and moreover consists
in the only way of preserving it. Mountain stockdders maintain a rare and unique territory. This
singularity allows them to escape globalisatiorigibal animal products issued from permanent pastur
are fully in accordance with a sustainable devekmmrhe link between bio diverse grasslands arat me
or dairy products quality has been a key issuerefiipus meetings. In 2008 and 2010 an ambitious
collaborative research project has been submitbe@€®@ST Office, but, unfortunately, was rejected.
Today, the network still aims at reinforcing excharbetween researchers concerned by authenticity of
the mountainous products.

Secondary contribution covers a wide range of foncand services. Mountain landscapes are well
appreciated as recreation and sport areas. Wilshifiebolizes freedom and is used as marketing image.
Spring water is considered as gold. These resouccesdn't be preserved without agriculture.
Nevertheless, farming, and especially animal prodngis often considered as polluting by a majartp

of consumers. Research conducted on mountain pasttontributes to better practice and to a
recognition of the pastures values. As a conse@jénshould drive to stabilize population in mauai
regions.

Both sessions of the seminar will draw up a largeegb of research activities done on mountain
grasslands. Pastures themselves include severalatieq types requiring a differentiated management
During the excursion on the second day, organim$awill be visited illustrating the natural potexhtof

their environment. A workshop aiming at demonstigittools used to assess the vegetation and the
animal production will be organised.

On behalf of the organizers, we wish you a fruithdeting and lot of pleasure in exchanging knowdedg
on fascinating topics around mountain and hill fiaugn

Eric Mosimann, Coordinator of Mountain Pastures-Sielwork, 10" May 2011.
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An Assessment of the Water Requirements of a Mauftasture Sward
in the Polish Western Carpathians

Kuzniar A., Twardy S., Kowalczyk A., Kostuch M.

Institute of Technology and Life Sciences, MalogalfResearch Centre in Krakow, Poland
E-mail: a.kuzniar@itep.edu.pl

Abstract

The water requirement of pasture swards using émenBn-Monteith method-(FAO-56), which is seldom
applied in Poland, was assessed. The referenceevagmtranspiratio(ETo) from a hypothetical grass
with an assumed height of 0.12 m, a fixed surfasgéstance of 70 shand an albedo of 0.23, was used.
These assumptions are similar under conditionsuafimant grazing.ETo was computed by using
meteorological data from 43 weather stations inagdhe Jaworki station. The crop evapotranspimatio
ETcis the product oETq, and single crop coefficient (Kc). The differendestween precipitation and
ETo and ETc (climatic water balances) were determined for ntaim pastures. The results were
summarised in the form of a table and of maps ohysts and isolines elaborated by applying the
Geographic Information System techniques (Arc Vigwwith the data interpolated by the geostatic
method (Kriging).

Keywords: pasture sward, crop evapotranspirati@emrequirements, Carpathian Mountains

Introduction

Various methods have been used in the Polish Gagpatto determine the amount of water requirements
of agricultural crops and natural vegetation. Thairmmmethods are: lysimeter experiments, field
experimental plots and soil moisture studies. Ri#ing from small lysimeters is known not to be
accurate. Water consumption or evapotranspitasidhe sum of two terms; (1) transpiration, whish i
water entering plant roots and used to build plessue or being passed through leaves of the piemt
the atmosphere, and (2) evaporation, which is weweporating from adjacent soil, water surfaces, or
from the surfaces of leaves of the plant. The p@kavapotranspiration, introduced by Penman (1948
and Thorntwaite (1948), is defined as “the amodmnwater transpired in unit time by a short greeopgr
completely shading the ground, of uniform heighdemno water shortage”.

The Penman theory contributed greatly towards &beinderstanding of the process of evaporation.
However, the use of the Penman equation (and itdifivations) was limited to calculation of
evapotranspiration of well-watered short grasseréfore the FAO Expert Consultation on Revision of
FAO Methodologies for Crop Water (May 1990) recomded the adoption of the Penman-Monteith
combination method as new standard and advisedamegures for calculation of the various parameters
The reference crop was defined as a hypothetiogl with an assumed height of 0.12 m having a serfac
resistance of 70 s hand an albedo of 0.23.

The objective of this paper was to determine wegquirements and climatic water balance of pasture
swards in the Polish Carpathians by applying RA® Penman-Monteith method -FAO-56- (Allen
al.1998). This objective was achieved through:

« estimation of reference evapotranspirati®@Td) and climatic water balanc® ¢ ETOQ;
« elaboration of spatial distribution (maps)EfoandP - ETq
« determination of crop evapotranspirati@ic) for pastures in the Polish Carpathians.

Material and methods

The FAO Penman-Monteith method (FAO-56) (Allen et1®94, 1998, 2005, 2006; tedrki, 1999;

Kuzniar, 1994, 2010; Smith, 1992) was used to assessuapotranspiration. The reference surface can
be unambiguously determined and provides consi&&otvalues in all regions and climates. Grass is a
well-studied crop regarding its aerodynamic andaser characteristics and is worldwide accepted as
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reference. The reference evapotranspiratiom ETas§yrwas calculated by means of the following
equation:

000
040BA R, -Gty ————uqle, —¢, |
EE; — T+ 273
A+ yl+0.34,

where : ET, = reference evapotranspiration [mm dayR, = net radiation at the grass surface (measured
or estimated) [MJ fhday'], G = soil heat flux density [MJ thday’], T = mean daily air temperature at

2 m height [°C].u, = wind speed at 2 m height [rif]se, = saturation vapour pressure [kRa]z actual
vapour pressure [kKPagd; - e, = saturation vapour pressure deficit [kRPa}; slope vapour pressure curve
[kPa °C'], y = psychrometric constant [kPa 3

The monthly data was extracted from 43 meteoroldgstations of the Institute of Meteorology and
Water Management in Poland and included: maximugh mmimum air temperatures, actual vapour
pressure,wind speed at 2 m above the ground lexkheatual duration of sunshine.The climatic station
cover an area of 22,830 km the Carpathians within the Upper Vistula Ribasin. The obtained results
of agricultural - climatic water balance (refereraned potential crop evapotranspiration on a monthly
basis) were synthesised in form of tables and nohpsean seasonal values (May-October) from the
period 1990-2005. Maps of isohyets and isolinegewelaborated by applying the Geographic
Information System techniques (Arc View 9) withargolated data by the geostatic method (Kriging).

Results and discussion

Figures 1 and 2 illustrate the result of this wdrke obtained maps allow us to characterise trexrante
and the potential crop evapotranspiration in thésRdCarpathians. The spatial distribution of mean
reference evapotranspiratiqeTo) in the summer season (Fig.1) shows that iteiased from a
minimum of 433 mm at Zakopane (Tatra Mts) to reaghmaximum of 538 mm at Bielsko-Biata (Beskid
Zachodni Mts). Lower values &Towere observed in the Beskithski Mts (440 mm) and in the Beskid
Sadecki Mts (460 mm). In the Bieszczady MfETo ranged between 460 and 480 mm during the
season. Crop evapotranspiration of past(€Bc shows lower values and varies from 325 mm
(Zakopane) to 404 mm (Bielsko B.). The lower valud ETc were obtained in cases when the Kc
coefficients for pastures ( reduction factor < egre applied. Seasonal (May-October) climatic water
balancesR-ETo) are characterized by great spatial differende=y aire in a range from 6 to 343 mm and
they did not reach negative (deficit) values in Bratish Carpathians. The highest precipitation Isiggs
(P-ETo) occur in the peak areas of the Beskjaviecki Mts. and in Polish Tatras (Zakopane 342 mim)
the Beskid Wyspowy Mts. precipitation surplusesoamed from 100 to 250 mm and near the
Sieniawska Gate above 200 mm.
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Fig.1. Map of the Polish Carpathians showing isdiof average reference evapotranspiratioro,(
mm), according to the FAO-56 Penman-Monteith metthodng the period May—October from 1990 to
2005.

Fig. 2. Map of the Polish Carpathian showing isedi of average climatic water balanBeETo, mm) -
water surplus and deficit - during the period Magtaber from 1990 to 2005.

Considerable water surpluses are also found indHeys: e.g. the f8lecka Valley (150-200 mm). In the
Bieszczady Mts., the climatic water balance in semnanged from 150 to 300 mm. The equilibrium
isoline between precipitation and reference evapspitation(P=ETo) runs along the border between
the Carpathians and the Valleys. Therefore, it banconcluded that the Carpathian Mountains, as
compared with lower parts of Poland, are very faable for the grassland production. Analyses of
spatial distribution oETo andP, as well as of f — ETo) in summer showed a good relationship with
elevation above sea level (h). For example, theatic water balance correlated with elevation hegav
following regression.

(P — ET) = 0.63h — 216.19 with R= 0.732

Until now, the FAO-56 Penmana-Monteith method has been applied in the Polish Carpathians for
evaluation of evapotranspiration of grasslands pasture. Furthermore, in relation to the previous
calculation formulae, which were applied in thedstarea, the method makes up a successive stage in
gathering data of the components of climatic whtdance. An advantage of this method is the pdigibi

of calculating the reference evapotranspirationngisstandard measurements originating from a
meteorological station.

Conclusions

Studies have shown that the FAO-56 Penman-Monteitithod which was applied in the Polish
Carpathians facilitated computation in a reliableaywreference KTo and potential crop
evapotranspiration for grasslan&sl'¢) using readily available computer programs FAO-PM

The maps of isohyets and isolines which were catedl can be used for an evaluation of the water
balance of pasture swards, particularly in situetizhen there is a lack of direct measurementsadrin
regression between elevation above sea level aalysad climatic water balance components (May-
October) were significant (R > 0.7). This relation can be applied for assessmEntean values in the
Carpathians when there is a lack of weather obtensm It also can be cartographied for climates
classification.
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The effects of climate fluctuations and soil heggneeity on the floristic
composition of sown Mediterranean annual pastures

Aguiar C!, Pires J, Rodrigues M.A, Fernandez-Nufiez £ Domingos T

Mountain Investigation Center (CIMO), ESA — Inst@uPolitécnico de Braganga, Apartado 1172, 5301-
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Abstract

Sown Biodiverse Permanent Pastures Rich in Leg8BBPRL) is a pasture system for Mediterranean
climatic areas mixing a large number of pasturexigs and cultivars, with a predominancd ofolium
subterraneumsSince the nineties, it rapidly expanded in Patwlye to its high dry matter yields (DM)
and C sequestration rates in soil organic mattéhofigh without clear experimental evidence, it is
currently admitted that SBPPRL are able to adjodt spatial heterogeneity and to reflect interainua
climate fluctuations.

The study was realised on a SBPPRL sown in 2001omxad farm located in “Serra da Estrela”, the
main agricultural mountain system of Portugal. €fects of two explanatory variables — “Year-clieiat
(moderately dry in 2007-2008 and humid in 2009-2040d “Slope” (three positions: hill shoulder,
backslope and footslope) — on the floristic comiasiwere explored. Three botanical levels of asialy
were used: all species, sown species Bnslibterraneuncultivar levels. The statistical significance and
the influence of the two explanatory variables loa plant composition varied between these thresidev
The distribution ofT. subterraneuncultivars along the microtopographical gradienswangruent with
their life cycle duration: short-cycle cultivarschhigher relative cover in uphill plots while lormgeycle
cultivars tended to dominate down the slope. Difgrg the sown species/cultivar colonists’ pool in
seed pasture mixtures appears to favour microtapbig gradients and interannual climatic fluctuatio
tracking. Sown species diversity affd subterraneuncultivar diversity are complementary in this
process; they promote, respectively, interannumhatic and microtopographic gradients fluctuation
tracking.

Keywords: subterranean clover, pasture legumesygascology

Introduction

In the seventies, the Portuguese agronomist Davésd® devised a new pasture system — the Sown
Biodiverse Permanent Pastures Rich in Legumes (BBPP mixing a large number of improved pasture
plants with a Mediterranean optimum. The SBPPRL icaolve up to twenty different pasture plant
species and cultivars, the majority of them sejjereerating winter annuals (only grasses are pagnni
Trifolium subterraneurbeingthe preponderant species.

FERTIPRADO (2011), the main pasture seed provigerPortugal, blends its SBPPRL mixtures
according to three criteria: soil texture, soil pHd mean annual precipitation. In these mixturesy t
variable group of pasture species with differemiegical requirements are added several cultivarB. o
subterraneuntovering a considerable life cycle length spectrlimsubterraneuntultivar selection in
agronomic practice depends on the date at whiclstarei stress can be expected to occur and theofime
flowering required to allow the maturation of adatguseed before this occurs#SHAM, 2003). Pasture
improvers and seed sellers currently determineetivs factors by mean annual precipitation and the
date of the cultivars’ first flowerd.. subterraneuns a cleistogamic species, its natural populattmiag
constituted by pure lines @zNELSON, 1974). Consequently, morphologically consisteultivars
should be recognized several years after pastwimgo

Several reasons explain SBPPRL rapid expansiomitugal. The foremost causethat they are more
productive than semi-natural dry-pastures. In @& fpear study in Southern PortugakhRBIEIRO et al
(2005) found that SBPPRL had an average stockittg 145% superior to contiguous semi-natural
pastures (0.86 vrs. 0.35 LU¥rp=0.03, paired t-test). In the DM vyields summedisn table 2 for the
year 2007-2008 in Quinta da Franca, Portugal, BBRFRL total DM production was 347% higher that
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its nearby semi-natural pasture (6.15 t DM.kies. 1.77 t DM.h&). All the available empirical evidences
points to superior productive characteristics oPERL when compared to semi-natural pastures, even
under similar chemical fertilization schedulese®EIRA, 2010). In Mediterranean Portugal areas,
CRESPO(2011) reported on SBPPRL yields of 4 - 8 t DM.ya", with more than 50% of legumes, and
with production costs of about 15-20% of the commbteed costs. SBPPRL’s have other advantages. In
Mediterranean territories with large semi-naturaydmeadow areas (e.g. sub-humid to humid
supramediterranean mountains), the SBPPRL DM ptadupeak coincides with the period when hay-
meadows are closed to herbivores to allow hay dro%®, the integration of hay-meadows and SBPPRL
can optimize fodder production at the farm-level] have a favourable impamh the conservation status
of an important Natura 2000 habitat, fully dependmmn agricultural management AHAD et al, 2011).

In soils with a low soil organic matter (SOM) comttea general consequence of a millenary cereal and
fallow rotation used in the Mediterranean basine t8BPPRLs exhibited a remarkable carbon
sequestration in SOM performance achieving 5bar* CO.e (TEIXEIRA et al, 2011). The Portuguese
government is now paying carbon sequestration oaraa of up to 42’000 ha of SBPPRL, that could
reach 0.91 x 10t of CQe from 2010 to 2012. Finally, it is also importaémistate the easy conversion of
former agricultural soils to SBPPRL, their pergiste in time (there are functional SBPPRL of mowenth

25 years old) and their simple and low cost maites.

The SBPPRL address a classical subject in commuaablogy: the effects of species diversity on
ecosystem function. Pasture plants and commuriitige been a favourite experimental subject in these
studies, with much scientific evidence producedh{BANERA et al, 2006). Empirical evidence
accumulatedduring the past decades shows that pastures sotlinspecies diverse seed mixtures are
more productive (CARK, 2001). Diverse pastures are also expected tedsegdermeable to spontaneous
species of low palatability and feed valuRARKOW-LINDBERG et al, 2009), to track environmental
heterogeneity (&\DERSON et al, 2004) and to withstand extreme climate fluctuadi (TLMAN &
DOWNING, 1994). In spite of its obvious agronomic relevgnihe majority of the published results on
pasture diversity effects on ecosystem functioregvearried out on a small scale with strictly colteed
experimental conditions ¢®STAD et al, 2003), involving a small number of specie®ESN et al,
2005), in homogeneous soil conditionsA®YER et al, 2008) and during short time span®ROINALE

et al, 2007). Furthermore, these studies rarely brotightanalysis to the cultivar level (intraspecific
diversity).

At the microtopographical scale (local relief) stomfluences key environmental factors important in
plants - soil relationship (8ANSON et al,, 1988). ®MEZ et al. (1978) proposed the slope system as the
most appropriate model for the study of Meditereanderbaceous communities subjected to grazing.
Later authors have explored microtopographic gradeéfects in herbaceous Mediterranean community
attributes (e.g. species richness) on small spatiales (e.g. sEM et al, 2002; Bco et al, 2006).
Besides slope, the floristic structure of Meditegan annual pastures is also remarkably sensitive t
annual rainfall fluctuations, asROEGA & FERNANDEZ ALES (1987) or FGUEROA & DAvID (1991)
demonstrated in southern Spain.

It is expectable that species diversity in pastuvilshave a stronger effect on productivity in ftats

with patchy resources that fluctuate over time.sThitative positive effect is probably amplified in
Mediterranean therophytic plant communities (andgomwn SBPPRL) where plant recruitment restarts
with the first rains each autumn. This fundamemiaéstion hasn’'t been properly addressed, and the
published bibliography about it is scanty and nefgs straightforward (\WCKER et al, 2008).

Due to their species-genotypes diversity, SBPPRLtlaen expected to be able to track and tune to the
spatial and temporal heterogeneity of Mediterrarsals. Three hypotheses will be tested is thisepap

1) Do SBPPRL track slope system microenvironmemnisy@ 2) Does the same happen with interannual
climate fluctuations? 3) Do the SBPPRL responséisdse microenvironments spatial arrays and clanati
fluctuations occur at the sown species &ndubterraneuncultivars levels? If SBPPRL are an agronomic
solution these hypotheses should be tested by \@igmral studies under farm conditions at the plant
community scale.

Materials and methods

A stabilized SBPPRL was selected on a private faiQuinta da Franca (Covilh&, Portugal), 40° 16°N 7
30" W, ca. 425 m MSL - located on the lower easitata slope of the highest continental Portugal
mountain, the Serra da Estrela. This sward was sowrable land in 2001 with a commercial SBPPRL.
Since then it was intensely grazed with cattle simeep and annually fertilized with 27 kgD ha’.
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The studied SBPPRL is located on a gentle slogegrnite hill with 20 m elevation and 380 m length
Three clear microtopographic positions accordingthiie simplified slope form model of URE &
WALKER (1969, cit. BRKLAND, 1999) were identified: hill shoulder, backslopel dootslope. In 2007-
2008 and 2009-2010, four sampling squares (sedtifandom sampling) were randomly located on each
position. In the third week of May of 2008 and 20%Pecies cover was evaluated by use of the point-
quadrat method, with a frame of 70x70 cm with 4t Plant species were identified to the species
level or to the cultivar level in the caseTof subterraneumEach of the quadrats was protected with an
exclosure cage during the previous three weekspghed of higher DM accumulation). DM yields were
evaluated in 2007-2008 in exclosure cages thatewtaround the quadrats. Soil samples were caflecte
nearby the quadrats of 2009-2010.

The 2009 spring was exceptionally dry and the SBPR&s impossible to sample. 2007-2008 and 2009-
2010 agricultural years were, respectively, moddyadry (589 mm) and moderately wet (1023 mm)
(annual rainfall mean of 781 mm). Temperature irgkgof the two growing seasons were close to the
mean.

In order to identify theT. subterraneuncultivars sown in Quinta da Franga, and to evaldhaeir life
cycle length, a seed collection of the sameubterraneunsultivars was sown in the autumn of 2007 in a
greenhouse. To simulate herbivory, plants were @anglipped when reaching 5 cm. The collection
was visited two times a week; the date of the flstrers was registered and used to order theveuls

life cycle length. Of the five cultivars originalgown in Quinta da Franca it was possible to disicrte
morphologically ‘Campeda’ + ‘Woogenellup’, ‘Denmark'Gosse’ and ‘Losa’. ‘Campeda’ and
‘Woogenellup’ were difficult to separaté&. subterraneumGosse’ is a selection of subapxaloides(=
subspyanninicun); the remaining cultivars belong to subspbterraneum

All the sampledr. subterraneurplants in Quinta da Franca were similar to ontheffour sown cultivars

or cultivar groups. Nevertheless, a biunivocal espondence between them involves some uncertainty
because the ingress of autochthonous lines withlasirmorphology to the sown cultivars in the
SBPPRLs cannot be excluded. However, autochthoiousibterraneungenotypes are probably less
competitive in nutrient equilibrated soils than noyed genotypes. On the other handsubterraneuns
rather uncommon in the semi-natural pastures ohf@uda Franca, and appears to come from the sown
populations.

The floristic data was explored at the communityelewith the multivariate ordination algorithms
available in the CANOCO programg®R BRAAK & SMILAUER, 2002). The floristic data — number of pin
contacts per species or subterraneuncultivars — was standardized by the norm to endaine effect of
species/cultivars relative cover on the ordinatign®etrended Correspondence Analysis (DCA) showed
that the species turnover was low and that lingaination methods use is recommendable (PCA
[principal component analysis] or RDA [redundancyalgsis]) (LEPS & SMILAUER, 2003). Two
explanatory variables were considered: “Year-clehddummy variable, expressed in the ordination
diagrams — figs. 1 and 2 — with the 2009 and 2(dlles) and “Slope” (semi-quantitative variable with
three levels: hill shoulder, backslope and foots|aprows in the diagrams point to uphill positjons

RDA models and Monte Carlo permutation tests weetluo partition variation and to test the effaxfts
each explanatory variableer se “Year-climate” and “Slope” were used alternativels explanatory
variables or co-variables. They could be consideedrossed environmental factors and their eff@cts
species variation partitioned with RDA models f@ptreasons: (1) each year, with the first autunimsra
there is a restart of the SBPPRL and of the semirabpastures flora; (2) the quadrats moved freely
inside each slope position between years. A sfdit-geesign with restricted random permutations mith
each year or each slope position ("design-basedlora permutations) was adopted (for theory seesSL

& SMILAUER, 2003). This test is much more restrictive thae fpermutations. Point quadrat pin contacts
were previously log transformed due to their huggation between samples. Three botanical levels of
analysis were explored in variation partition: glecies level, sown species level, dndubterraneum
cultivar level. After confirming residuals normalitand variance homogeneity (Shapiro-Wilk and
Levene’s tests, data not presented) one-way orway-ANOVA were applied to soil fertility, DM
production and'. subterraneungultivars relative cover.

Results and discussion

From the original sown mixture, five species wetié detected in the studied SBPPRAstragalus
(Biserruld) pelecinusTrifolium subterraneuml. michelianumT. resupinatunandDactylisglomerata
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TheT. subterraneunagultivars sown in Quinta da Franca sward wererdjsished based on the following
characters: ‘Losa’ — hirsute twigs; ‘Denmark’ —lgieus petioles and stipules; ‘Gosse’ — sparselgusl
petioles, glabrous stipules; ‘Campeda’ + ‘Woogang@lF villous petioles and stipules. The order lod t
timing of flowering was: ‘Losa’ (an early seasonltear); < ‘Goss’, ‘Campeda’ and ‘Woogenellup’
(middle season cultivars) with a few days of diéfere between them, almost two weeks after ‘Losa’; <
‘Denmark’ (late season cultivar), one week afteddie season cultivars. To avoid flowering time
redundancies and eventual identification errorsldiei season cultivars were merged into one group.
Soil fertility parameters and DM production are tsgdly variable across the studied SBPPRL (tables 1
and 2). P - trend along the slope system is diffituinterpret. SOM was smaller in the hill shoedd
although without a statistical confirmation, thengaoccurs with KO.

Table 1. Soil fertility data from the studied SBRPRmean values, Quinta da Franca, Portugal).
Analytical methods: soil organic matter — Walklelagk; POs and KO — Egner-Riehm. One-way

ANOVA. Significant values (P < 0.05) are highlighten bold. Different letters indicates significant
differences between explanatory variables leved® (5, Tukey’s HSD test).

P,O5 K,0O Soil organic pH Hy,0

(mg.kgh) (mg.kgh) matter (%)
Hill shoulder 94 120 118 5.2a
Backslope 114 128 3.6 4.
Footslope 6B 159 3.4 5.8
Mean 90 136 2.8 5.3
d.f. 2 2 2 2
p-value 0.039 0.179 <0.001 0.051

Table 2. Mean DM production (total and per fractiam 2007-2008 along the slope gradient in the
studied SBPPRL (Quinta da Franga, Portugal). OneAROVA.

Legumes Grasses Other plants Total

(DM kg.ha') (%) (DM kg.ha') (%) (DM kg.ha') (%) (DM kg.ha?)
Hill shoulder 2521 51.0% 928 18.8% 1490 30.2% 4939
Backslope 3358 51.0% 1344 20.4% 1883 28.6% 6585
Footslope 3215 46.4% 1640 23.7% 2074 29.9% 6929
d.f. 2 2 2 2
p-value 0.4 0.28 0.202 0.117

A PCA was performed with all sown and autochthorepescies monitored in spring 2008 and 2010. The
first three axes explained 55.3 % of species dat@bility; the eigenvalue of the fourth axe wasatly
very low [\,=0.297,1,=0.143,15=0.120,2,=0.069]. The first axe was mostly correlated wittear-
climate” (r= -0.95). Not surprisingly “Year-climdtesignificantly (p=0.02) explained 27.3% of the
community variation. The PCA eigenvalues of axes@ 3 were alikerg=0.143,A3=0.120). The second
axe is difficult to interpret; probably reflectstlffect of soil compaction — a soil physical pagten hard

to evaluate in mineral Mediterranean soils — in gwmity composition. The “Slope” variable was
correlated with the third axe (r=-0.54), explain®@% (p = 0.03) of the species variation partitibhe
marginal effects in a RDA with a forward selectimirenvironmental variables confirmed that the sgeci
variability explained by the explanatory variabticreases in the order “Year-climate” > “Slope” and
that soll fertility variables exerted a smallereeff on the flora structure of the sward (data mes@nted).
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Figure 1. PCA triplot — I and &' axes. Data gathered in a SBPPRL of Quinta da BréRortugal).
Variables are passively projected. In the figure @presented twenty one species with the higliest f
with the 29 and &' PCA axes.

Species of temporary wet soils likepergularia capillacea(Caryophyllaceag Trifolium cernuum
(Fabaceag Juncus bufoniugJuncaceag and Agrostis salmanticaPoaceag were promoted by wet
condition in 2009-2010 (fig. 1). The opposite hapgak in 2007-2008, a dry year. Downslope positions
favored perennial mesophyllous species (Bactylis glomerata Poaceaeand Hypochaeris radicata
Asteraceag (fig. 1). Annual species gained dominance at liie shoulder. Trifolium subterraneum
relative cover — but not legume biomass (table @ps higher uphill because temporary wet soilsisgec
response in 2009-2010 was higher in downslopeipositThe grass component in DM was also higher
downslope than in the hill shoulder, at least i022Q008 (table 2). The short cycle and ubiquistgga

of the genud/ulpia are abundant in all kinds of Mediterranean grgzastures, and gain relative cover in
dry years (fig. 1). Their short cycle releases thigam the effects of dry springs, like in 2008. T¢@me
happens with other species likeontodon longirostrigAsteraceag

“Year-climate” retained a significant effect on aoical composition at the sown species level (t&8ple
Sown species relative cover fluctuated slightlyisetn years, except féstragalus pelecinysvhich was
higher in 2008 (data not presented). In fact timeoneal of A. pelecinugrom the DCA model shattered the
significance of the “Year-climate” variable. In tiI8BPPRL of Quinta da Franca aerial seeding clover
species never surpassed a relative cover of 1%ttendominance of. subterraneumn the legume
fraction was absolute because grazing was intendecantinuous throughout the year. SBPPRLs with
higher covers of aerial seeding clovers probabbpoad more to annual rain fluctuations then its
intensively grazed counterparts. In fact there aragbnormal increase in aerial seeding cloversrcov
the wet spring of 2010, throughout moderately giegBPPRL in Portugal.

“Year-climate” didn't had a significant effect ifi. subterraneumcultivars relative cover at the
community scale (table 3). Nevertheless an indaiidtic approach (table 4) showed that middle seaso
cultivars retreated in the wet year. Apparently #arly season cultivar (‘Losa’) relative coverdualed

the same trend, and the long season cultivar (‘Rekinthe inverse. Table 3 and fig. 2 reveal indtdaat
“Slope” had a strong and highly significant effacthe spatial distribution of. subterraneuncultivars

at the community scale: uphill position were maioblonized by the early season ‘Losa’; backslope is
the preferred microhabitat of the middle seasotivaul samples; and late season cv. Denmark largely
surpassed the other cultivars in the footslopevahmte statistics (table 4) confirm thRt subterraneum
cultivars are spatially segregated according tditeeycle length, although this effect is onlhastically
significant with the short season ‘Losa’.
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Figure 2.Biplot from a Principal Component Analysis — axearid 2 — with the data gathered in the
SBPPRL of Quinta da Franga (Portugal) Toisubterraneuncultivars. All variables passively projected.

Table 3. Variation partitioning of sown speciesTorsubterraneuncultivars composition. Significant
values (P < 0.05) are highlighted in bold.

Botanical level of analysis Explained Significance

Explanatory variable

variability (%)

Sown species level

Year-climate 14.7 0.05
Slope 2.9 0.65
T. subterraneuncultivars level

Year-climate 10.8 0.08
Slope 18.0 0.004

Table 4.T. subterraneuncultivars mean relative cover (%) variation betwgears and along the slope
gradient in the SBPPRL of Quinta da Frangca. Two-W&§OVA. Significant values (P < 0.05) are

highlighted in bold. Different letters indicate sificant differences between slope positions inshme
pasture type (Tukey’'s HSD test).

‘Losa’ ‘Gosse’, ‘Campeda’ ‘Denmark’
and ‘Woogenellup’
(early season cv.) (middle season cv.'s) (late season cv.)

Year-climate

2007-2008 104 17.0 20.2
2009-2010 7.5 7.1 27.6
d.f. 1 1 1
p-value 0.503 0.015 0.270
Slope

Hill shoulder 21.3a 12.6 19.5
Backslope 3.1b 16.5 26.6
Footslope 2.4b 7.0 25.7
d.f. 2 2 2
p-value 0.002 0.125 0.627
Slope x Year-climate

p-value 0.695 0.445 0.482
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Conclusions

The statistical significance and the influence loé texplanatory variables “Year-climate” (a proxy
interannual climatic fluctuations) and “Slope” (aoxy of soil resources and soil proprieties spatial
variability) on the plant composition of the studliSBPPRL varied between the three botanical leviels
analysis: all species level, sown species leval, ansubterraneuncultivar levels. “Year-climate” and
“Slope” explained species variability reached a imann, respectively, at the all species ahd
subterraneumcultivar levels. The sown species pool in the igtldSBPPRL was impoverished by
intensive grazing, hampering a deep explorations@ivn flora dynamics at the community scale.
Anyway, “Year-climate” exercised a stronger andngigant control in sown species assembling then
“Slope”; the inverse occurred at tfle subterraneuncultivar level. T. subterraneuncultivars spatial
segregation was related to their life cycle lengiarly season ‘Losa’ reached higher relative couers
uphill positions; middle season cultivars were mooenmon in backslope positions; and the late season
cv. Denmark surpassed the other cultivars on thtslipe.

Diversifying the sown species/cultivar colonistsdop in seed pasture mixtures appears to favour
interannual climatic and microtopographic gradiehistuation tracking. Sown species diversity and
subterraneumcultivar diversity are complementary in this prese they promote, respectively,
interannual climatic and microtopographic gradierftsctuation tracking. Our data is merely
phenomenological: it corroborates the three hymmberesented at the end of the introduction sectio
but doesn't prove them.

The gathered information is also too scanty to lelgiscussion about the underlying mechanisms of
sown species and. subterraneuncultivars spatial and temporal accommodation i@ 8BPPRL'’s
ecological gradients. However, it was found that tfree slope positions were heterogeneous enough t
permit the reseeding of different cycle lengthsubterraneuncultivars. The reseeding probability and
intensity certainly is not similar for each cultiven each slope position, and culminates in a apati
distribution pattern of . subterraneungultivars that persists between years.
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Abstract

In northern Tunisia, livestock is an important cament of the agricultural systems. It depends tyreat
forage and pasture productions that continue tadéfecient. This deficiency is due mainly to the
reduction in forage and pasture productivities Whiave been attributed to a decrease in rainfalls a
consequently an increase in drought frequenciesdetrclimate change, characterized by high
temperature and low precipitation, forage systenié nemain dominated by the oats and barley
cultivation in pure stand in the rainfed of the hdyrsub-humid and superior semi-arid agro-climatic
zones with production varying from one year to Arot Other adapted genetic resources would play an
important role in providing feed for livestock, raging soil erosion and desertification in this pafrthe
country. In fact, being the centre of diversityfofage species, lots of efforts are needed to éxile
available genetic diversity in developing improvedltivars. Furthermore, a perennial crop, such as
Festuca arundinace&chreb., is the best adapted species to waterngggieas in spite of its reduced
ecological adaptation area whibactylis glomerata.. will occupy the marginal lands and glade forest
On the other hand, in the semi-arid zo®eysopsis miliacean mixture with annual legumes such as
medics species having high hardness seed populatilboonstitute a sustainable pasture system. 8ase
on selected meteorological and forage productida, dapacts of climate changes in the targetedregi
is discussed.

Keywords: livestock, forage production, pastutienate change, northern Tunisia

Introduction

In northern Tunisia, livestock is an important cament of the agricultural systems. Indeed, the rermb
of cattle, sheep and goat expressed as femaleeyiesenting respectively 72, 38 and 24%.

It provides meat and milk necessary for livelihoedsproved nutrition, employment and cash income.
In addition, it plays a significant role in imprang crop production through the use of manure fdr so
fertility maintenance. However, it depends greathtyforage and pasture productions that continugeto
deficient. This deficiency is due mainly to the wetlon in pasture and forage productivity. This is
certainly attributed to a decrease in rainfall andsequently an increase in the frequency of drodigta
normal year, feed resource needs are covered miaynpastures (35%), fodder (20%), agricultural by-
products (16%), bran (9%) and concentrates (20%@.drier year, a reduction in pastures and foddler
have a significant impact on the availability andidce of concentrates.

There is a need to increase the amount and qudliéyailable feed resources in order to improvedfoo
security, diversity household income, and redueegitazing pressure on the rangelands. Since iedgat
arable land is mainly used for food crops, the talthl production of forage crops would come from
increasing the area grown on rainfed land and fuemg adapted higher yielding varieties of pasture
forage crops taking into account the effects ahatic changes.

According to Nasr et al. (2009), climate changeqmtions for Tunisia, predict, in horizons year2@0
and 2050, firstly, decreasing rainfall, around 3086 from north to south on the horizon 2020 andemo
pronounced reductions, 10 to 30% on the horizor026&condly, a decreases of the averages of tiye ver
humid and very dry years are expected as well agdses for springs and very humid and very dig;fal
thirdly, a global increasing of dry years as welld their successive occurrence two and threden t
central and southern part of the country; and yreahigher disparities between seasons and geloigadp
regions of the country especially on the horizoB®0

In Tunisia, potential impacts of climatic changesdnbeen reported on only wheat (Lhomme et al.9200
Mougou et al., 2011). This study is undertakenefmort if correlation existed between forage promuct
and rainfall in Northern Tunisia.
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Forage production

In Tunisia, fodder production is characterized tsyciose association with the climatic conditiortsick
would results in a forage production varying fromeoyear to another. Meanwhile, forage systems are
low diversified and dominated by the oat and badelivation, in pure stands or in mixture with dge
legumes.

To develop the relationship between precipitatiggieen forage and hay production from fodder crops
(i.e. oats, barley etc.), data from the Forage beagume Crops Service (FLCS) under the General
Directorate of Crops (Ministry of Agriculture anchironment, February 2011) were used.

These data include the governorate of Jendouba Bejl Bizerte representing the Khroumirie and
Mogods (North West Tell of Tunisia). They are contius for the last seven years except 2007 and 2008
Precipitation data was obtained from the Tunisiatidhal Institute of Meteorology. Hay and green
forage production and their relationship with pp#etions were investigated by simple correlation
analysis using two scenarios: precipitations froogést to June and precipitations from December to
April representing the full growing season and vlegetated growth season, respectively. Furthermore,
the correlations are modulated by linear equation.

As a result, hay production was correlated wittcipigations (Figure 1) while green forage was dligh
correlated (Figure 2). Accumulation of excessivastuwe, particularly during winter and spring (fig.)
appears to increase hay production. Consequehtyfavorable production year is the one with high
precipitations from December to April. This indieatthat timing i.e. the season is also an important
factor.
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Fig 1. Relationship between hay production andipitations. Total precipitations from August to
June (a) and from December to April (b)
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Fig 2. Relationship between green forage producéind precipitations. Total precipitations from
August to June (a) and from December to April (b).

Concerning green forage production (fig 2.), déwavstwo groups: one stationary around 30 t/ha hed t
other showed an increasing trend with precipitatibhese can be explained by the fact that when a
forage reach the appropriate development stageofkad3l), it is either grazed or cut and carried to
livestock. The low correlation is related to thetfthat the sown area is almost the same everyorehe
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forage produced is grown earlier in the growingssea when conditions are favorable (stand
establishment with high humidity)

How to deal with climate changes for the forage angdasture sectors?

Changes in climate are estimated by many modetsn&sons of future precipitations in North Tunisia
(Jendouba and Beja governarates) were studied Hmn{ime et al., 2009, Zitouan — Chebbi et al., 2010).
These authors estimate future rainfall through ftians obtained by th#étéo-France atmospheric
model ARPEGE/Climate which resolution is aroundkf® over the North Africa and Mediterranean
region and using the greenhouses gas and aerosoemoations scenario A1B given hkige IPCC
(International Panel on Climate ChangE)e anomaly method is used to estimate the fuR0&1(-2100)
climate. The monthly changes compared to the ptesiemate (1960-1990) are shown in tablel.

Table 1. Monthly mean anomalies between future 1Z0100) and reference (1960-1990) scenarios.

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. ov.N Dec.

Beja 065 076 069 063 085 062 09 0.9 1.06 11.2096 0.79
Jendouba 059 062 067 056 093 0.7 1.02 105 1112 098 0.72

The decrease of precipitations between DecemberAgnidl is significant for both governorates. The
decrease of rainfall in this important period foreige production could have negative impacts o met
production.

Reaction of farmers to climatic change would beodigh supplementary irrigation at the appropriate
stages of the crop development. This would be dliffito realize because of several reasons: crop
competition (wheat, legumes, vegetables, orchatdg, dinancial constraints to purchase irrigation
materials, etc.

Other solutions would be to implement innovativeoagmic practices such as early sowing; indedd, it
possible to have more available water in Septenalnel October (tablel), and also to adopt newly
developed and adapted varieties.

Tunisia is considered as a centre of diversityfdoage species, and pasture and forage genetiaroeso
are less vulnerable to poor seasons than othes.crgwever, for several years, the observationserbgd
the collectors indicate the occurrence of conslalergenetic erosion. This is mainly due to overggz
cropping and poor soil conservation practices. @l need to preserve the genetic variabilitgugh
collection, evaluation and conservation of thesgetie resources.

Efforts have been made to exploit the availableegeriversity in developing improved cultivarsn&e
the last decade, new varieties with appreciabléstraere developed and cultural practices were
experimented.

For the future and based on monthly mean anombé&eseen future and reference scenarios (table 1),
and in the Khroumirie and Mogods representing thettNWest Tell of Tunisia, we anticipate perennial
crop, such afestuca arundinace&chreb., is the best adapted species to watemgggieas in spite of
its reduced ecological adaptation area whiketylis glomeratal. will occupy the marginal lands and
glade forest. On the other hand, in the semi-ayiteZ0rysopsis miliace@& mixture with annual legumes
such as medics species having high hardness spathfion will constitute a sustainable pasture eyst
Pastoral legumes are highly desirable componetiteopasture systems; species such as vetch, grass p
and medics could have considerable potential far tblerance to dry conditions and their adapitstiib
unfavourable environments such as marginal areawihern Tunisia. However, good rain is needed
during the establishment phase which is in accaelarith the anticipated scenario.

The most commonly grown forage crops are forageater oats and barley. Other potentially suitable
forage crops include triticale, lupine, sulla, fedgea, alfalfa as cover crop, etc. They are usexunall
scale and need to be developed.
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Abstract

A collection of 17 different alpine forage plani&sdrasses, 8 non-leguminous herbs, 3 leguminouss her
and 4 tree species) were investigated withirawvitro fermentation assay for their ruminal methane
production potential. All samples were harvestettéwn early July of the years 2009 and 2010 from
sites in the eastern Swiss Alps in the canton eddBs. Samples were analyzed for nutrient contamis
phenolic compounds. In each year, samples werebated in four replicates for 24 h with the
Hohenheim Gas Test system using bovine rumen fltadal gas production and gas composition were
measured immediately after incubation. The reshiteved that almost all alpine plants investigated h
lower in vitro ruminal methane emission potential compared toshaydard. Except faCastanea sativa
methane emission potential of the investigatedtplaaried less than expected. However, severatglan
proved to concomitantly express a comparably loviharge emission potential and high nutritional value
like Alchemilla xantochloraandSambucus nigra

Keywords: alpine plants, methane, nutrient, phemwohen

Introduction

Vegetation in the Alps is an important feed reseuiar livestock production in the respective region
during the summer period. Rapid growth of biomagtebeginning of summer, followed by a period of
clearly decreased growth rates and forage quaity,among the main characteristics of the vegetatio
(Brihlmann & Thomet, 1991). Studies on the infliewé alpine vegetation on productivity and product
quality (e.g. Leibert al, 2004 and 2005) of ruminants have been previocghducted. However, no
studies so far have attempted to assess the mef@ahe production potential of the plants after being
ingested by ruminants. This is an important issneesthe CH accumulation in the atmosphere has
gained more attention in recent years. Plant sexgrmbmpounds in the alpine vegetation are assumed
modulate rumen processes with significance for pheduct quality (Leiberet al, 2005). The same
factors could also influence ruminal gproduction. Therefore, the present study aimed\egstigating

in anin vitro ruminal environment the CHproduction potential of a variety of typical plaspecies
growing on the Alps.

Material and methods

Samples from 17 plant species were collected ity daty 2009 and 2010 from three mountainous sites
in the South-Eastern Alps of Switzerland (cantoGagons), i.e. Misox valley, Rhine forest (Sufemap
Albula valley at altitudes of 800, 1400 and 180@@3n a.s.l., respectively. The plants consiste@ of
grasses, 8 non-leguminous herbs, 3 leguminous ladbgl tree species (leaves and flowers). The herbs
and grasses were all common pasture plants ofedpective region; the trees were species which have
been commonly fed to ruminants in traditional adpagricultural systems (Machatschek, 2002). After
collection, all plant samples were stored @ dvernight, oven dried at 8D for 24 h and ground to pass

a 1 mm sieve. Analysis of plant chemical compositiocluded proximate, detergent and phenolic
compound determinations. Plant samples were inedbaith buffered rumen fluidn vitro (in four
replicates each year) using the Hohenheim Gas (F&ST) apparatus (Menke and Steingass, 1988),
conducted for the harvests of 2009 and 2010. Haycancentrate standards (obtained from the Institut
of Animal Science, University of Hohenheim, Germamere also incubated. Rumen fluid was obtained
from a fistulated Brown Swiss cow before the mognfeeding. After 24 h of incubation, the gas
produced during fermentation was recorded and sainfdr gas composition determination, including
CH, using a gas chromatograph. Ammonia and short-diadiiyy acids (SCFA) in the fermentation fluid
were determined. All analytical methods are descrin detail in Jayanegara et al. (201lh).vitro
organic matter digestibility (IVOMD) and metabolita energy (ME) were calculated using standard
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equations. Data were subjected to analysis of negigmixed model), followed by Tukey's test for
multiple comparisons among plants using SAS softweersion 9.2. Different harvest years and
incubation runs were considered as random effects.

Results and discussion

Incubation of hay and concentrate standards resufteCH,/total gas values of 161 (+x25.3) and 182
(x25.1) ml/l, respectively. These data, especifbiyn the hay standard, are important referenceegalor
determining the Clmitigating potential of each plant. The values sirailar to CH/total gas of the
control substrate (90% hay) in other studies,li&t ml/l (Bodaset al, 2008). Within the grass species,
Poa alpina produced less Cjftotal gas tharNardus stricta(P<0.05; Table 1). FurtheRoa alpina
produced 14.3% less Ghtbtal gas compared to the hay standard wRigedus strictaproduced 9.3%
more. This might be explained by the lower NDF eomntof Poa alpinacompared td\Nardus stricta
Dietary cell-wall constituents and ruminal €eimission are considered to be positively corrdlaiace
fiber degradation results in large amounts of hgdrowhich is utilized by the methanogens for,CH
formation (Machmiilleret al, 2003). FurtherPoa alpinawas superior tiNardus strictadue to higher
values of total gas production, IVOMD, ME and tdslFA (P<0.05). The poor quality Bfardus stricta
was in agreement with the low vivo digestibility of alpine swards dominated bjardus stricta(Berry

et al, 2002). Therefore, this grass is hardly accepyegrazing livestock (Fischer & Wipf, 2002).

Table 1: Chemical composition of plants anditro fermentation variables (n = 8)

Plant species CP EE NDF TP ANH Total SCFA  Total gas Citas IVOMD ME
g/kg dry matter mM mM ml mil/l mg/g MJ/kg
Grasses
Nardus stricta 116 6 753 8 168%6 69.0 30.8 176’ 528 7.30
Poa alpina 139 18 540 20 Y% 88.0% 46.60" 138" 698" 9.9
Non-leguminous herbs
Achillea millefolium 191 16 370 23 1F0 87.0% 38.4° 140" 691N 9.10*
Alchemilla xanthochlora 156 20 256 54 B3 94.1* 47.9" 134¢ 736 10.34°
Carum carvi 140 16 359 21 169 91.7¢ 44 7 152 709" 9.57
Chrysantemum adustum 91 14 412 20 g8 8g.4™ 42 5%t 141 gagect 8.9
Crepis aurea 139 33 322 24 F1.0 96.5 49.9 148 744 10.87
Plantago atrata 110 12 444 26 72 T1.2% 38.7% 157 621°% 8.46°
Rhinanthus alectorolophus 143 22 307 29 *g'g 92.0" 46.9" 148 728" 10.1%
Rumex arifolius 122 16 409 38 82 86.1 40.1% 142" 637 8.82*
Leguninous herbs
Anthyllis vulneraria 131 14 372 25 8% 916" 40.4¢ 160° 6749  8.9r*
Hedysarum hedysaroides 223 18 319 69 *g7 77.0% 29.8 160¢ 568" 8.18
Trifolium badium 146 14 321 43 8%  88.5* 38.8% 153* 650" 8.78%
Trees
Castanea sativa 141 19 402 112 ?7.4 444 6.5 2£ 305 5.13
Fraxinus excelsior 160 14 408 22 %5 7L 34.4* 150 606™ 8.27
Sambucus nigfa 243 35 218 37 14'6 85.8 39.6% 142" 712" 10.0¥
Sambucus nigfa 247 32 260 43 165 953 41.0 129 712" 10.21°
SEM 11.0 1.9 300 59 032 1.68 0.89 3.3 9.4 0.122
P-value na na na na <0.001 <0.001 <0.001 <0.001 0040. <0.001

CP, crude protein; EE, ether extract; IVOMID, vitro organic matter digestibility; ME, metabolizable
energy; na, not applicable; NDF, neutral deterdiuatr; SCFA, short-chain fatty acids; SEM, standard
error of the mean; TP, total phenols

Mean values in the same column without common sgpipt are significantly different at P<0.05

Yeaf: flower

Within the non-leguminous herbs, all plants reslite lower CH/total gas ratios than that of the hay
standard. When incubatinglchemilla xanthochlorathe CH/total gas was lowest (-16.8% vs hay
standard). This might be related to the relativielgh content of phenolic compounds in the plant,
particularly hydrolysable tannins (HT; data not whi The effect of HT in reducing ruminal GH
emission has been previously demonstrated (Bleatil, 2009). However, no difference occurred for
CHyj/total gas across all non-leguminous herbs. Taalgroduction was highest when incubatiirgpis
aurea followed byAlchemilla xanthochloraand Rhinanthus alectorolophug\ similar pattern was also
obtained for IVOMD and ME. For the leguminous herB$1{/total gas was similar across all three
leguminous herbs and almost similar to that of ihg standard. No significant difference was found
between the leguminous herbs in terms ofsNkcubation ofHedysarum hedysaroide®gsulted in
significantly lower total gas production and IVOMDan the other two plants within this functional
group (P<0.05). The low variability of GHemissions from the herbaceous species (both rummous
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and leguminous) in the present study was unexpestade the hypothesis had been that at least the
flowering alpine herbs contain higher amounts amdl @ higher diversity of secondary plant compounds
which would differently affect ruminal fermentatigncluding the production of methane.

Within tree speciesCastanea sativdeaves resulted in an extremely low fibital gas ration (lower by
85.1% than the hay standard) as well as total I§&3MD and ME values compared to all other plants
(P<0.05). This plant contained the highest TP (ipdiiydrolysable tannins; data not shown) across all
plants investigated here. Althouglastanedeaves have been commonly fed to ruminants in tcsto
livestock systems, the fermentation results inéida strongly limited forage quality. Correspondiag
the high CP contents, ruminal Nidoncentrations were higher after incubation oht®ambucus nigra
flowers and leaves compared to all other speciessache different functional groups (P<0.05). This
indicates thaBambucus nigradias a good nutritional quality and fits into tlaage of the herbs. With the
leaves and flowers of this plant, @tdtal gas ratio was lower by 11.8% and 19.9%, eetiyely,
compared to the hay standard.

Conclusions

Almost all alpine plants investigated had a lowevitro ruminal CH, emission potential compared to the
hay standard. However, the emission potential anptangts varied less than expected. The nutritiveeva
was highest folPoa alpinaamong the grassesilchemilla xanthochloraand Crepis aureaamong the
herbaceous plants a&mbucus nigramong the trees. Particulatychemilla xanthochloranet the aim

of this study, because in addition to its high guait produced the lowest GHamounts among the herbs.
This was similar for'Sambucus nigramong the trees. Althougbastanea sativappeared to be a very
effective CH inhibitor, the incubation data suggest that thémpis hardly digested and fermented in the
rumen, thus indicating a low feeding value whenifeldrger proportions.
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Abstract

The Vdka Fatra National Park stretches over an area’874tha and was established in 2002 to protect
well-preserved ecosystems. With the highest peake@sk (altitude 1592 m), the region is one of the
highest mountain territory in Slovakia. Grasslamdaa above the forest line (“hole” in Slovak) and
highland relief are typical for the Vied Fatra where forests cover 85 % of the area.d argas of
grassland resulted from deforestation many cergwaim. The summit alpine meadows which are rich in
rare plant communities cover the area of 2’000 hae grassland is dominated Beschampsia
caespitosa(L.) P. Beauv. and also by very rapidly expandi@glamagrostis epigejogL.) Roth,
Brachypodium pinnaturfL.) P. Beauv. ancirsium arvensdL.) Scop. what is indicating a prolonged
period of absent utilization and sward abandonment.

Keywords: grazing, alpine grassland, cattle, shkeefanical composition

Introduction

The transformation of Fatra forests began withntingration of population to mountain areas. In tighl
century, it was brought about by the Wallachiamno@ation which refers to the spread of shepheuis f
Romania across the Carpathian arc to our regiomaktitns granted the right to shepherds to defdnest t
summit areas of the VYk4 Fatra mountain range. By cutting down the traed burning up the land,
shepherds created new mountain pastures for tbeksf of sheep and goats. Shepherding in thik&/e
Fatra mountain range culminated about 75 yearsvigm several tens of shepherd farms were located in
this area. Besides sheep, heifers and horses pasinrpastures above the forest line, which waisdi/p
especially for the areas of Plosk& and &in Meadow management blossomed as well. Durinditsie
years since the collectivisation, the importancehl#ep and shepherding was underestimated. Aadate
in 1972, following the socialisation of agricultyane of the largest modern sheep farms in Slovakia
established in Liptovské Revlce.

In the past, grasslands in thel'¥é Fatra National Park were regularly cut and gfak®wadays, 2’000

ha of mountain subalpine meadows are not cut arginthre to a low numbers of ruminants in nearby
farms, high utilisation costs and roded roadsraztag with young cattle has been banned and
consequently tall grasses expanded, swards thiasedell as avalanche risk increased (40 to 200
avalanches occur each year). Currently, it is albwo graze young cattle again, but farmers do not
exploit this option very much. About 200 heifergl@&500 sheep graze there, but only at the lowestsa

of the mountains and for short periods of time.

The grassland management is reflected by theespeomposition. By employing optimum intensity and
appropriate utilization methods, or by alternatiegween extensive and intensive grazing and cutiirey
species-rich communities, comprising many rareemahngered or threatened species, can be maintained
on a long-term basis. Land abandonment or too kilvzation intensity lead to spontaneous succession
which woody vegetation or also some expansive gragscies re-occupy former farm land
(SLAVIKOVA, KRAJCOVIC, 1998). JANNOVIC and VOZAR (2004) include non-utilised grassland
into the category defined by colonization with wgquants or single trees and shrubs at variouddeve
and into the category of non-utilised, often abamedb and neglected grassland at various levels of
extensification. The second category covers diffesemi-natural grassland types of various vegmtati
levels where gradually, without human interventioatural succession occurs following the exclusibn
cutting or managed grazing (return to forest foramgt Changes in the diversity in semi-natural glasd

on peat soil following reductions in the intensiy complete absence of utilization were assessed by
MLYNARCZYK et al (2002). In his work, they are characterized mainy the decline in cover of
valuable grass and legume species, while percentage of marsh plant species increased.
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In 2010, a project was initiated with the aims odating favourable habitat conditions for blackuge
and ensure quality and nutritive pasture swardsifiggulate game, while improving landscape formation
processes.

Material and methods

The Véaka Fatra National Park is located in the north-esespart of central Slovakia. It stretches over
the regions of Turiec, Liptov and Banska Bystrigmking among the greatest and highest mountains i
Slovakia.

Typical highland relief is rounded and softly mdddl Above the forest line (“hole” in Slovak),
avalanche gullies are botanically the most attvactiith a great variety of species and rare plasish as
Astragalusspecies. Also some thermophilic species grow egedlaltitudes, a®riganum vulgarel. or
Digitalis grandiflora Mill. (KOSTAL, 2010).

In 2010, a monitoring was performed on botanicamposition of permanent grassland, herbage
gualitative parameters, soil qualitative parametard the state of permanent grassland utilizafitwe
study area (being the part of National Park) - diailed into three parts according to pasturessatibn:

(1) non-utilised; (2) grazed in the past; (3) gchaépresent.

The botanical composition of grassland was evatubyethe method of projective dominance by Maloch

(1953). The nutritive value of forage was deterrdin®y the method of grassland quality evaluation

according to NOVAK (2004), applied on samples aitie during the growing seasfip, = w

It was calculated from the relation where D (in%)the dominance plant species, expressed as a
percentage of forage value (FV) and the feed valystant species.

Results and discussion

The botanical composition of the non-utilised paftgrassland (1) was dominated by grasses and
cyperacea (77 %) witBarex sempervirenk. (34 %),Briza medialL. (24 %) and_olium perennd.. (19

%). Herbs covered 22 %, with highest abundanasiadfemilla vulgarisL. andHypericum montanurh.,

4 % each. The presence of legumes was only Trifeljum repend..).

Permanent grassland utilised by grazing and foldinghe past (2) was characterised by following
proportion: grasses (25 %), forbs (52 %) and legu(@2 %). The dominant species in each plant family
were: Briza medialL. (18 %), Alchemilla vulgarisL. and Galium cruciatalL. (8 % each), an/icia
craccal. (22 %).

Permanent grassland actually grazed (3) were deaized by a high grass contribution (85 %), with a
dominance oDeschampsia caespitosa(65 %), and the 15 % presence of herlst{emilla vulgarisL.

6 %).

Non-utilization of grassland resulted in the spreafd Deschampsia caespitosé..) P. Beauv,.
Calamagrostis epigejod..), Brachypodium pinnaturflL.) P. Beauv. an€irsium eriophorum(L.) Scop.
which can suppress the growth of other high vaperi®s mainly stoloniferous short grasses, legumes
and medicinal herbs. Their forage value is of pgaality. In 2010, grassland quality evaluatiors§E
ranged between 15.2 and 38.5 throughout the growe&agon, corresponding to low to lower value
categories. Valuable swards start at the value;gEEO.

In the study area, grassland dominatedkegchampsia caespitogh.) P. Beauv. was grazed by sheep in
early spring. Dried samples collected during thisigd reached mean values of 104.5 g.kgrude
protein and 258.8 g.Kgcrude fibre. Following coefficients of the nutviéi value were calculated: 62.1 %
protein digestible in the intestine (PDI), 65.1g}-knetabolisablenergy(ME), 9.4 MJ.kg" brutto energy
(BE), 18.6 MJ.kg net energy for lactation (NEL), 5.5 MJkqet energy for fattening (NEF), and
27,62% digestible organic matter.

In a later period, the sward was grazed selectiviely. sheep refuseeschampsia caespitogh.) P.
Beauv, resulting in a DM content of 69.2% and a crudedilboncentration 0f269.0 g.kg DM. An
average digestibility coefficient was approximatl§.5%, 43.2 g.K§protein digestible in the intestine
(PDI), 9.4 MJ.kg'metabolisable energy (ME), 18.5 MJgrutto energy (BE), 5.5 MJ.Kqet energy for
lactation (NEL), 5.4 MJ.K§ net energy for fattening (NEF) and 64.4% digestiiiganic matter.

These results correspond with the values repoge@Al_IK, BIRO, JURACEK, SIMKO and ROLINEC
(2010). Mean digestibility coefficients of hay g between 49.1 and 53.7 %. As for hay, negative
correlation was found between nutrient digestipiind DM content. The content of crude protein (811
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g.kg* DM) was higher, and at the same time, a lower diigjéity coefficient of organic matter (49.1 %)
was determined.

Forage nutrient digestibility can be consideredinaitihg factor of forage quality. It expresses the
proportion between nutrient content of feed ancdtsial utilization by ruminants (PAJTAS al, 2009).
When producing grass-based hay, a growing seasatomfnant grass species should be taken into
account in order to determine optimal time to hatvdntensive lignification usually occurs after
flowering and results in low nutrient digestibilitGALIK et al, 2010). The nutritive value of pasture
was determined from dried herbage.

Metabolisable energy (ME) of forage from grasslaadtures was 9.41 MJ:kgnet energy for lactation
(NEL) 5.50 MJ.kg"; and net energy for fattening (NEF) 5.28 MJ-kg

Table 1: Soil Parameters

. Depth Humus N P K
Site H/KCI ; . ; )
(mm) P g.kg* g.kd® mgkg® mg.kg"
Non-utilised 0-100 6.87 149.68 10.77 451 87.79
Utilised by grazing and folding in the past 0 - 100 6.83 176.90 10.66 7.12 110.69
Utilised by grazing at present 0-100 4.84 142.4310.88 4.36 209.92

Non-utilised grassland and grassland utilised lagzigig and folding in the past have neutral soittiea.
Grassland utilized by grazing at present has exheacid soil reaction. Humus content is mediurallin
swards and this can have a positive impact ondtemtion capability of grassland. Phosphorus carigen
very low at all sites. Potassium content is medinnmon-utilised grassland and grassland utilised by
grazing and folding in the past and good in grasklatilised by grazing at present.

Inappropriate grazing management in the past exsuit the occurrence @eschampsia caespitogh.)

P. Beauv., which is the dominant species at mtss$.fdeschampsia caespitogh.) P. Beauv. is one of
the most troublesome weed species in meadows &atdres. It has a very low digestibility coefficient
due to its rough-textured leaves and solid stemd ,itais usually avoided by grazing animals. Moreov

its dense tussocks make it difficult to cleschampsia caespitogh.) P. Beauv.s also considered a
dangerous forest weed due to its dense tussockehwhinder natural regeneration (REGAL,
SINDELAROVA, 1970).

Also the presence o€alamagrostis epigejogl.) in meadows and pastures is surely evidence of
insufficient sward utilization. It is rough, hardbalatable grass species with no value for foragpgses.
Brachypodium pinnatur(L.) P. Beauv. is an indicator species of calcasesubsoil. Its herbage is rough
and coarse with a low digestibility coefficient.

Areas, where farms and sheepfolds were once lgcarednowadays monoculture swardsRafmex
alpinusL. andUrtica dioicaL. (MICHALEC et al, 2010).

Conclusions

Non-utilization or insufficient utilization of perament grassland in the ¥& Fatra National Park results
in fast spread obDeschampsia caespitoge.) P. Beauv. Calamagrostis epigejok., Brachypodium
pinnatum(L.) P. Beauv. an€irsium eriophorum(L.) Scop. which can suppress the growth of otfigh
value species of short — mainly stoloniferous sgrspecies, legumes and medicinal herbs. Such sward
are of poor quality. Their quality according to theassland quality evaluation 4§}, ranging between
15.2 and 38.5, indicates that they fall within daegory of low to lower value swards. Crude protei
content ranged 104.47 g:kBM, and fibre content 258.78 g.kdM. An average digestibility coefficient
was approximately 62.05 %. The soil analyses shawatdthe content of basic nutrients (N, P) was low
and potassium and humus content was medium. Nbsedtigrassland and grassland utilised by grazing
and penning in the past have neutral soil reactibile grassland utilised by grazing at present has
extremely acid soil reaction.

In 2010, at highest altitudes from 1’000 do 1'500grassland was utilised only by grazing with heife
Sheep grazed in areas of lower altitudes. The nsafw this unfavourable state include low numhsrs
ruminants in nearby farms, high costs associated tle utilization of these swards, poor accesssoa
and non-professional sporadic conservation inté¢imes concerning the utilization or non-utilizatiof
grassland. It should be the obligation of presemiegation to maintain sustainable landscape. Ssidaes
achieving sustainability is dependent on appropmaanagement systems which, as a result, candead t
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improved quality of life. Grassland exploitationtime Ve'k&d Fatra Mountain Range must be essentially
changed namely on the basis of the latest sciektifowledge.
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Abstract

Managed grasslands provide environmental and agmongervices that can be predicted from the
botanical and functional composition of the vegetatin mountain regions such as the Massif Ceaffral
France, herbivore production systems are basecengment grasslands. In this study we aimed to test
within a common area, the Rochefort-Montagne’s ,@@ahat extent grassland botanical and functional
diversity is related to the type of herbivore preiilon system.

From inquiries in 19 farms and floristic functioraiaracteristics of 120 permanent grassland phes,
analysed the intra and inter plot diversity takinp account the type of production system (daattle
only, beef cattle only, mixed dairy and beef cattiéxed dairy cattle and sheep), the managemetiteof
plot (cut or grazed) and the altitude. The grasiamere classified in 3 vegetation groups: thetludes

75 plots in rich environment, with productive sgacbut a low diversity, thé2includes 32 plots in rich
environment, with a good agronomic value and aeladiversity in botanic families, and th& Bicludes

13 plots in lower fertility environment and agronionvalue, but with higher diversity in grasses and
forbs. The diversity of plot types is higher abd@®0m, whereas at low altitude the plots are mamly
the first group. Compared to specialized dairyleaystems, the mixed systems (dairy and beefecattl
dairy cattle and sheep) present a higher diveddittypes of grasslands, which can be valorisedhiey t
complementary of the animal needs of the diffeteetds and animal categories. The variability of
production systems within an area should also favenwironmental services related to grassland
diversity.

Keywords: semi-natural grasslands, botanical coitipas functional diversity, cutting, grazing,
herbivore production systems

Introduction

In mountain regions such as the Massif Central rah€e, herbivore production systems are based on
permanent and semi-natural grasslands. The magnofafjrasslands in these systems is to provide food
supply to the animals as cut and grazed forageseMer environmental services provided by grasslands
are more and more recognized both for environmesatigty (e.g. limitation of water pollution, potiht
carbon sequestration) and for ecological managertegt conservation of ordinary and patrimonial
biodiversity, pollination services). Thus, in themeas, grassland management is questioned in wrder
reconcile forage production in quantity and quadtythe farm level and ecosystem services related t
biodiversity.

The links between vegetation characteristics armsystem services were clearly shown in a recent
review (De Bello et al, 2010). It was suggested phant trait clusters can be used to monitor saldrice

the delivery of multiple services in ecosystem nggmaent.Relationships between forage production
(quantity and quality) and plant life traits welearly shown (Duru et al., 2008; Andueza et al1®0
Cruz et al (2010) proposed to classify grassesccoroing in grassland into functional types acaogdio

a set of functional traitsicluding leaf dry matter content (LDMC), specifgaf area (SLA), leaf life span
(LLS) and phenologyhat characterises plant growth strategy accorthnfgrtility level. Links between
functional characteristics of vegetation and ecmsysservices were also suggested, as for examgle th
relation between carbon sequestration and thavelptoportion of legumes and grasses (Soussana and
Luscher, 2007), or between pollination services tedproportion of entomophily species (Batarylet a
2010).

Thus, botanical and functional diversity of grasd are important features to evaluate the prooiucti
and environmental services provided at the pldatgiplot diversity) and at the farm (inter plotsetisity)
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levels. In this study we aimed to characterize gjeasl diversity within a common area, the Rochefort
Montagne’s area, and to test to what extent gnagdb@tanical and functional diversity is relatedhe
type of herbivore production system.

Material and methods

The Rochefort-Montagne’s territory is an uplandaavéth volcanic soils of good fertility and average
annual rainfall of 1350 mm. The farms are relativeinall (42 ha) with a mean stocking rate of 1.05
LSU/ha. Ninety percent of the area used by herkiyimoduction systems consists in permanent semi-
natural grasslands. Nineteen farms, including oN&A-experimental farm, located in Laqueuille
territory were chosen to cover the range of pradactystems present in this area. The sample cegetri

7 farms specialized in dairy cattle, 5 farms sgiexgd in beef cattle, 4 mixed dairy and beef cdtlens,

and 3 mixed dairy cattle and sheep farms. In eanh,f5 to 8 grasslands were chosen according to the
information obtained from the farmers on their irsthe forage system (cut or grazed), and the sign

of the utilisation (early or late cut, grazed bgtéing animals or by heifers).

Floristic analyses were made on 120 grasslandsgiiMay and June of 2009 or 2010 according the
method developed by Theau et al (2010). The detextion of botanical families and species abundance
was performed along the longest diagonal of thesi@ad plot. On this line 10 observations were made
within a 0.4x0.4 m frame. For each observationgitggortion in grasses, legumes and forbs were dcore
on a scale from 1 to 6, and within each family abendance of dominant species was scored on a scale
from 1 to the score of the family. Grass speciegevieen classified into the following functionapgs
(Cruz et al, 2010, Table 1): In addition, the pmijpm of CyperaceaeandJoncaceaevere quantified to
indicate wet zones.

In order to classify the 120 plots a principal camgnt analysis followed by an ascendant hierarthica
classification (SPAD software package, 7.0 run Jimas performed on the six following variables
calculated at the plot level: the proportion ofgges (G), of legumes (L) and of forbs (F), the prtopn

of CyperaceaandJoncaceadgCyp/Jon), the proportion of grasses from ferites (G = X types A,

B, b, E) and the proportion of grasses from po@ss{G..r = X types C, D). The differences between the
groups of plots were then analysed by comparisothef means using Wilcoxon test. Finally the
distribution of grasslands according the productigstem, the plot uses and the altitude was aralyse

Table 1: Main characteristics of functional typégasses (after Cruz et al., 2010)

Functional types of

grasses Site fertility Flowering date Characteristic species

Type-A High Early (< 900 °Cd) Alopecurus Pratensis, Lolium perenne
Type-B Medium to high Mid-early (1200 °Cd) Dactylis glomerata, Poa pratensis
Type-b Medium Late (> 1600 °Cd) Agrostis capillaris, Agropyron repens
Type-C Low Mid-early (1300 °Cd) Fastuca rubra, Festuca ovina

Type-D Low Late (1700 °Cd) Nardus stricta, Poa chaixii

Type-E (annual species, Medium to high / Lolium multiflorum, Bromus spp.

Results and discussion

The first axis of the principal component analysiplained 39.9% of the total variability of the aisdt. It
corresponds to a fertility axis and discriminates:from G,or and Cyp/Jon plots. The second axis
explained 31.0% of the total variability and disgnates G from L and F plots. An ascendant
hierarchical classification allowed us to distirgfuithree classes of grasslands whose characterisgc
given in table 2. The first class is the most alaumdone and comprises 67% of the plots that are
dominated by G and by&e with 40% of grasses from type A. The second alepsesents 27% of the
plots with a better balance between G, L and F,revfgrasses mainly belong to&G with closer
proportion of functional types A, B and b. The thalass represents only 11% of the plots dominbyed
G, mainly Goor With a high proportion of functional type C. Itsoportion of L is lower than in the two
other classes, and the proportion of F is interatedi
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Table 2: Botanical and functional composition af three classes of grasslands (meansh.

Class 1 Class 2 Class 3
(n=75) (n=32) (n=13)
Botanical families
Grasses (%) 76 +8.4° 49 +9.4° 70 +6.9°
Legumes (%) 11 +6.3° 19+8.2° 7+10.2°
Forbs (%) 12 +6.6° 32+125° 20+9.0°
Cyp/Jon (%) 1+1.3° 0+0.0° 3+48°
Grasses from fertile or poor sites
G feriile = A+B+b+E (%) 91 +10.1° 93+10.9° 33+17.8°
G poo = C+D (%) 9+10.1° 7 +10.9° 67 +17.8"
Functional types of grasses
Type-A (%) 40 + 15.8° 28+15.1° 10 +13.0¢
Type-B (%) 20+12.1° 24 +15.2° 2+32°
Type-b (%) 27 +11.6° 30 +16.5* 21+8.8"°
Type-C (%) 9+9.3° 7+96° 55+ 16.1°
Type-D (%) 1+26° 1+2.0° 12 +12.0°
Type-E (%) 3+7.4° 12+12.9° 0+0.0°

Means without a common superscript are signifigadififerent (P < 0.05).

The plots of the specialized dairy cattle farmsemvmostly distributed in the class one (79%), whetbae
plots of the specialized beef cattle and of theesifarms were more evenly distributed among theethr
classes of grasslands (Table 3).

Table 3: Distribution of the 120 plots accordinghe production system (% within each system)

Production system Class 1 Class 2 Class 3
(n=75) (n=32) (n=13)
Specialized dairy cattle (n=58) 79 12 9
Specialized beef cattle (n=25) 48 32 20
Mixed dairy and beef cattle (n=23) 52 43 4
Mixed dairy cattle and sheep (n=14) 36 50 14

Plot utilisation also influenced the botanical casifion of the grasslands and thus the distribubibtne
plots among the three classes (Table 4). Almosplats that are cut belong to the first and theoedc
classes. Plots that are grazed by dairy cows beturgjly to the first class of grasslands whereatspl
that are grazed by beef cows and heifers are nverdyedistributed between the three classes.

Table 4: Distribution of the 120 plots accordinghe plot utilisation (% within each use)

Plot use Class 1 Class 2 Class 3
(n=75) (n=32) (n=13)

Early cut (n=19) a7 53 0

Late cut (n=30) 67 27 7

Dairy cow grazing (n=30) 83 17 0

Beef cow grazing (n=13) 46 31 23
Heifer grazing (n=25) 52 20 28
Sheep grazing (n=3) 67 0 33

The effects of the production system and of thé pé& on the distribution of the grasslands ambeg t
three classes were partly confounded with an efféettitude. Indeed, plots that are below 1000rm a
mostly distributed in the first and the second s#ssof grasslands whereas plots of the third elese
mostly located above 1000 m (Table 5).

Table 5: Distribution of the 120 plots according #ititude (% within each class of altitude)

Class of altitude Class 1 Class 2 Class 3
(n=75) (n=32) (n=13)
Less than 800 m (n=31) 81 16 3
Between 800 and 1000 m (n=62) 73 26 2
Higher than 1000 m (n=27) 19 41 41
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The first grasslands class comprises low diveifiiots located below 1000 m, highly dominated by
productive grasses characteristic from fertile emvinent. This class is present in all productiosteays
and in all plot use and is highly dominant in spézed dairy cattle system especially for plotst thae
grazed by dairy cows. The second grassland class)yrocated above 800 m, comprises plots of highe
functional diversity, rich in forbs and to a lessttent in legumes. This class characterises dertil
environment, and is mainly present in beef catylstesns and in mixed systems. The third class of
grassland represents poorer environment locatedeab@00m and comprises plots of higher functional
diversity mainly used for beef cattle, heifers ameep grazing. Farruggia et al (2006) also obseaved
decrease in the proportion of functional type A andincrease in the proportions of functional ty@es
and D in relation to more extensive managemeneét battle systems.

Conclusions

In the mountain area we investigated, the functiatigersity of semi-natural grassland used by
herbivores can be simply classified in three grodpe diversity of plot types is higher above 1000m
whereas plots from lower altitudes have a betteage production. Compared to specialized dairjecatt
systems, the mixed systems (dairy and beef catfley cattle and sheep) and the beef cattle systems
present a higher diversity of types of grasslamdsch can be valorised by the complementary neéds o
the different herds and animal categories. Therdityeof production systems and of animal typeimit

an area should also favour environmental servielased to grassland diversity.
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Abstract

Mountain region of the Sudetes has a productiverjiat driving to high quality fodder from grasstisn

The main reason is that 94% of grassland areduiatsd below the elevation of 700 m a.s.l. and 1%
them on slopes of less thaf iiclination. Meadows and pastures of the higheshemic importance
cover an area larger than 50 000 ha. The analysisnanant and horse stock in 2008 revealed that th
fodder production potential largely exceeded thmateds. Productive use of meadows and pastures loses
importance, despite financial support within ther@mon Agricultural Policy of the EU.

Keywords: the Sudetes, grasslands, fodder produydiie@stock population

Introduction

The Sudetes have all features of mountain areassignificantly determine the function of theseaarin
spatial management. Half part of the total arethefregion is covered by agricultural land from evhi
40% is constituted by grassland. This status hesigbed till now despite changing trends in agtimall
development during the post-war period charactétigefollowing facts:
collectivisation of agriculture which directly tggred the depopulation of rural areas,
organisation of the utilisation of leys for youngdh cattle,
lower profitability of animal production after 199the drastic decline in cattle and sheep stock
resulted in the shrinking of grassland areas, soime¢hich were abandoned and some turned to a
different form of land use.
As a consequence, the environmentally and econdiynicduable meadow and pasture communities lost
the features which had enabled them to fulfil tipegductive and non-production functions.
The Common Agricultural Policy and the system aahrsubsidies and compensations implemented in
Poland since 2004 facilitated the restoration afcadfural land use, particularly in the most favalie
conditions and grassland abandoning decreasedy;Ttuaarea of fallow grasslands of the region has
decreased by half and does not exceed 15% out 00@Mha of meadows and pastures (The state and
changes..., 2007).
The aim of this study was to characterise andsaste fodder production potential of grasslands i
relation to the demands of ruminants and horséseirbudetes.

Material and methods

The study area is situated in the mountain regibthe Polish Sudetes and covers 329 064 ha. Its
southern range is delineated by the main crestsyaloe Czech Republic border and its north-eastern
range is drawn by the 300 m a.s.l. contour linghef Sudetic Marginal Fault . The Sudetes are old
mountains, one third of their area is localise®atand and constitutes about 3% of the country. dilea
highest peaks in the region afeiezka — 1602 m a.s.|. arthieznik — 1425 m a.s.l.

Analyses were performed by use of a digital databamntaining: Digital Terrain Model (including
hypsometry, inclination and exposure) made of DA0 maps, as well as land cover and soil-type maps
in the scale 1 : 5 000. For the purpose of thidystgrassland-soil complexes were divided intod®sés
and exposure into 8 directions.

The demand for fodder production was analysed basediminant and horse stock acc. to agricultural
census of the year 2002 and data of 2008 colldntetle Lower Silesian Centre of Agricultural Advigo

in Wroctaw.
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Results and discussion

The distribution of the three grassland classeelation to elevation is presented in table 1. dyéapart
(94% ) is situated beneath 700 m a.s.l. whichésuppper range of agricultural utilisation in thedSies.
Medium grassland complex dominates with about 70%etotal area.

Table 1: Grassland area (ha) according to elevationones
Altitude m a.s.l.

Grassland’s complexes <350 350-500 500-700 700-1000 >1000 Total

ha % ha % ha % ha % ha % ha %
very good & good 147 0 58 0 0 0 0 205 0
medium 6023 7 30990 37 19020 23 1197 1 0 57229 68
poor & very poor 586 1 7389 9 14485 17 3592 4 127 0 26179 31
Total 6763 8 38474 46 33527 40 4790 6 127 0 83613 100

An analysis of the slope distribution showed thaterthan 75% of grasslands have an inclinatioress |
than 9 (Table 2). On more steep slopes (32bere were 12% of grasslands.

Medium meadows and pastures were mainly localisekd first two classes of slope inclination wherea
poor grasslands area goes up with the increaséopé snclination up to 20 Above 20 inclination
grasslands occupied very small areas.

Table 2: Grassland area (ha) according to inclinatin classes
Inclination classes in degrees

Grassland’s <3 3-6 6-9 9-12 12-20 >20 Total
complexes ha % ha % ha % ha % ha % ha % ha %
very good & good 163 0 26 0 13 0 2 0 2 0 0 O 205 0
medium 21943 26 16447 20 9853 12 5357 6 3407 4 222 0 57228 68
poor & very poor 3447 4 4972 6 5540 7 5596 7 6144 7 681 1 26379 32
Total 25553 31 21445 26 15406 18 10955 13 9552 11 903 1 83813 100

Studied grasslands were mainly situated on slopesad, northern to eastern exposures (N, NE, E,)NW
favourable due to a smaller risk of water defigitéhe vegetation season (Table 3). Their sharglapes

of these exposures reached 52% (43 277 ha) witddhenation of northern and north-eastern exposure
(15% each).

Table 3: Grassland area (ha) according to exposure

Grassland’s Exposures
complexes N NE E NW S SW " SE Flat Total
ha % ha % ha % ha % ha % ha % ha % ha % ha % ha %

very good & good 22 0 28 0 18 0 15 0 23 0 24 0O 16 0 32 0 27 0 205 O

medium 8408 10 8339 10 7498 9 5493 7 5823 7 6165 7 6313 8 6015 7 3175 4 57228 68
poor & verypoor 3806 5 3784 5 3274 4 2593 3 3168 4 3017 4 3077 4 2826 3 835 1 26379 32
Total 12236 15 12150 15 10791 13 8100 10 9014 11 9206 11 9406 11 8873 11 4038 5 83813 100

Medium grasslandsare of the most important ones in the region distéd favourably with respect to
altitude and slope inclination. They grow on mines@ls, not or periodically flooded, as well astvaad
organic mud-peat and muck soils. Due to diverseatdtabonditions, they shelter a broad spectrum of
species. Flat areas and lower parts of slopes wggmwn by communities with the prevalence of
valuable fodder plants including grassBsactylis glomeratal., Festuca pratensigiuds, Alopecurus
pratensisL., Poa pratensis ., legumesTrifolium repend.., Trifolium pratensé.., Lotus corniculatug..,
Vicia cracal., herbs:Achillea millefolium L, Taraxacum officinald=. H. Wigg.,Campanula patuld..

and other . These plant communities yearly yiedanfet.0 to 6.0 t DM HA Slopes with higher inclination
are covered by grasses of medium to low value Agyostis capilarisL., Festuca rubral., Holcus
mollis L. and dicotyledons. These communities have aymtdee potential from 2.0 to 4.0 t DM haSoil
and thermal conditions worsening in mountain areés elevation and slope inclination result in
decreased efficiency and fodder quality. For tliason, the most productive medium grasslands are
situated up to 500 m a.s.l. on flat areas and $brai relatively stable high quality fodder. Betw&&®
and 700 m a.s.l. and on slopes of 6 fptBe maximum yields reach 4.0 t DM harhe remaining
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grasslands situated above 700 m a.s.l. on slope® than 9 and those on periodically flooded or wet
grounds have higher natural than economic value.

Poor grasslandsare present on flooded areas with hampered watéow, in mid-forest regions and on
hardly accessible and poorly developed soils (Fatitadolna, 2009). They are characterised by Mariab
production and quality of fodder. Main grasses &mestuca rubral., Agrostis capilarisL., Holcus
lanatusL., Deschampsia caespitogh.) P. Beauy Anthoxantum odoraturh., Nordus strictel., Briza
medialL ., Cynosurus cristatuk., Helictotrichon pubescen$iuds.) Besser ex Schult. & Schult, and herbs
and weeds constitute 30 — 50% of the plant coveeirlboiomass production ranges between 2.0 and 3.0
DM ha® with the most important areas situated in favolerabnditions up to 500 m a.s.l. and on slopes
up to 6 inclination. Low-production grasslands and othexsglands situated on steep slopes)(w@re
excluded from afforestation programmes in 2007 rJauof Laws, 2007) to preserve and protect
naturally valuable communities. They are represertg communities of high floristic diversity,
containing rare and protected species (rich moarttay meadows, xerothermic communities, mosses
and sedges) (Fatyga, Nadolna, 2009).

Good grasslandsoccupy only 205 ha in the region. They occur omaral soils of various types
providing the best conditions for vegetation growtfaluable grasses mixed with a large legumes
proportion prevail there, yielding up to 8.0 t DM'h

Stocking rates Nowakowski (2008) demonstrated that, under nhtwaditions of Sudetes mountain
pastures (400 — 600 m a.s.l.), 1 ha of grasslaadpovide fodder for 2 LU (500 kg) of animals iret
grazing season and for 1 LU in an annual scale.

Ruminant stock in the region in 2008 was low andamted: 24 573 cattle, 3122 sheep, 925 goats and
2257 horses (Table 4). Moreover, the herd of eadhal group decreased as compared with that in 2002
when large stock deficits had been already observeélation to available food base éBbcki, 2006).
The smallest changes were noted in cattle. Notéwokias a substantial decrease of dairy cows in the
herd. The number of goats and sheep decreasee targest extent, by 68 and 34%, respectively. The
number of horses decreased by 16%.

The stock of cattle — most numerous farm animathénregion — was 29 head per 100 ha of grassiands
the region in the year 2008.

Table 4: The stock of ruminants and horses (in hegdn mountain counties of the Sudetes in the
years 2002 and 2008

Years Cattle Sheep Horses Goats
total cows
2002 24596 11837 4720 2703 2858
2008 24573 11505 3122 2257 925
difference -23 -332 -1598 -446 -1933

2002 - Agricultural census
2008 - A set of data on selected communes in tolet8a

Based on presented data, one may find that foodadésnof ruminants and horses could be fulfilled in
the year 2008 by a half of the area of moderatHlgient grasslands in the region. Productive rofe
grasslands still loses importance despite mulgalional support for agriculture in a form of areal
subsidies, compensations for LFA including thoséowthill (350 — 500 m a.s.l.) and mountain (>500 m
a.s.l.) zones and an attractive offer of agro-emvitental programm. Withdrawal from agricultural a$e
grasslands and a lack of alternative ways of biemiitisation poses a real risk for grassland #tattion

in the Sudetes.

Conclusions

The analysis of distribution of 83 613 ha of grasdk in the Sudetes revealed that over 70% of dine@

is situated beneath 700 m a.s.l. and almost 758tstapes of an inclination <9The greatest importance

for fodder production have medium grasslands wianea exceeds 57 000 ha and those situated beneath
500 m a.s.l. and on slopes inclined less tHeroBstitute 45% of the total area.

Grasslands situated above 700 m a.s.l. — the Jppierof agriculture in the Sudetes — and on slopes
inclined by more than °9(excluded from afforestation programmes) shouldirwlved in activities
aimed at preserving and protecting valuable plantraunities.

Ruminant stock in the region in 2008 indicatedrasufficient utilisation of fodder potential.
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Abstract

Semi-natural grasslands cover a large area in Riedmimountains (south-western Alps). They are
exploited mainly by farms that yearly move aboui000 heads from the valley-floors or the plainte t
summer pastures, playing an important role in matonservation.

In the framework of the Rural Development Program®®®7-2013, axis |l - measure 214 (agri-
environmental payments), Piedmont regional offibese implemented measure 214.6 that contains
specific actions for the conservation of biodivetssoil, landscape, and water by extensive graZitng
basic actions (measure 214.6.1) aim at boostingnskte farming systems for their positive
environmental effects on marginal areas. The amditimeasure 214.6.2 has introduced Pastoral Btans
a tool aimed at enhancing farm productivity, systeustainability, and environmental aspects by
identifying specific management actions.

In this paper Pastoral Plan contents and the siathe art of measure 214.6.2 after two years are
summarised, discussing the measure start-up preblem

Key words: alpine vegetation, extensive farmingteys, grazing management, Pastoral Plans, RDP -
Rural Development Plan.

Introduction

In Piedmont Alps semi-natural grasslands cover 8B8@0,000 ha (Regione Piemonte - CSlI, 2007), 75%
of which are located in mountain areas (ISTAT, 90@uring summer, these grasslands are exploited
mainly by farms that yearly move from the vallegdis or the plain to the mountain pastures leading
transhumances of about 70,000 hed@8&A, 2008) Therefore, in this areas farming systems play an
important role in nature conservation and havenaarkable economic impact on local communities.
Since the '90s, the increasing demand for both lgghlity mountain dairy products and natural
environment for recreation has led the Piedmontidketp gather data finalised to an integrated glagnn

of mountain area utilisation. Detailed inventoriafsthe forest types (Forest Regional Plan, Regional
Bylaw n.4/2008), as well as of the pasture typeavélleroet al, 2007), along with a generalised
inventory of summer pasture infrastructures (IPRAPN8), have been carried out in the whole regional
territory.

Given the need to maintain mountain farming as @sevation and management tool on widespread
marginal areas, regional offices have implemenpagific actions to improve grazing management e th
framework of the Rural Development Programme (RR®)7-2013. In particular, agri-environmental
payments (RDP axis Il - measure 214) have beeropeapto promote the use of extensive grazing for th
conservation of biodiversity, soil, landscape, avater (measure 214.6). The basic actions (measure
214.6.1) aim at reversing the trend leading tocitngcentration of livestock in the lowlands, by boag
instead extensive farming systems for their pasigmvironmental effects. In the mountains, the main
farmer commitments are: rotational grazing duringnsier (for at least 80 days) at stocking-rates
between 0.2 and 0.5 livestock units (LU)'hear"; use of paddocks equipped with water and mineral
supplement dispensers; weed or encroaching wooelgiesp control without herbicides; 0 nitrogen and
limited P,Os/K,O mineral fertilisation. Five year basic engagermeare remunerated with a prize of 40
Euros hd year'.

The additional measure 214.6.2 has introduced RdsRlans as a tool aimed at enhancing farm
productivity, system sustainability, and environtaénaspects by identifying specific management
actions. Additional engagements for the farmersinm Pastoral Plans are rewarded with a furthexepri
of 60 Euros hayear'.

After a presentation of the Pastoral Plan contendégreement with the EC and local rules, this papk
focus on the state of the art of measure 214.6e2 @fo years, discussing its start-up problems.
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RDP measure 214.6.2: Pastoral Plans

Pastoral plans are technical documents defining ctfiteria for a rational grazing management of
pasturelands. Pasturelands, as defined by Alteal (2011), are the main land use in the Alps. Frben t
mountain to the alpine belt, they are solely exptbiby grazing, whereas cutting is an outdatedtigec

in most areas. The pastureland management inchlddse actions carried out by a farmer to achiave
yearly animal production resulting in a satisfagtimcome. A proper exploitation is essential tosgree
pasturelands and improve pastoral ecosystem ssrvice

Drafting Pastoral Plans involves gathering a numifebasic elementsised subsequently during the
planning stageAfterwards, management practices are set takit@gdccount the specific objectives of
the applicant farm (e.g. increasing animal prodityti extending the grazing season).

Thebasic elementsclude:

the definition of the area covered by the planagographic maps, together with a list of cadagaatels
consistent with the land register data. The faroukhown the pastureland or provide a legal agre¢me
for its use;

the description of surface (altitude, slope, agpetitnate (in particular during the growing segsand
accessibility of the pastures exploited by animailsied at highlighting the elements that coulduefice
management decisions and limit the possibilitieshainge;

a detailed analysis of pasture vegetation. Gradslare surveyed by applying to a 150 x 150 m tiped
vertical point-quadrat method (Daget and Poissoi@f,l; Jonasson, 1988). Relevés are subsequently
classified by cluster analysis into ecological gr®wegetation types, and sub-typlegie9 as proposed

by Cavalleroet al. (2007). The vegetation map resulting from thisslfication is an essential tool for
grazing management planning;

the analysis of past and current farm managemehtdimg: the state of structures (e.g. buildinganis,
cheesemaking plants), infrastructures (fences,imgillareas, drinking draughts), and road network; th
production guidelines and processes; the livestastber by species and classes; the management
techniques (herd movements, manure managementtlaadpractices concerning pastoral management).
Such analysis aims at pointing out advantages @&abtvhntages of farm management that vegetation
may evidence;

the evaluation of pastureland potential in termBocdge allowance and carrying capacity;

the comparison between the current and the potetaitze of the pastures.

The following records are then included in fanning stageaking farm perspectives into account:
indication of management targets for each grazieg gconservation, improvement, recovery, natural
evolution), complying with 92/43/EEC directive (Hth Directive) and its amendments;

localisation of the structures, infrastructuresd dacilities to be used or renovated in view of an
improving farm management;

grazing management proposals (localisation of pekkloand camps, optimum period for their
exploitation and exploitation schedule, stockingsaand grazing pressure per paddock, localisation
drinking draughts, mineral supplement dispenserd,nailking areas);

indication of the priority of interventions;

financial plan with the assessment of the cosRastoral Plan implementation.

RDP measure 214.6.2:; state of the art

The measure was implemented in June 2009 wheriane¢@ct defined the guidelines for Pastoral Plans
drafting and the procedures to submit applicatenmd evaluate plans. After two calls a limited numiife
applications has been submitted as compared vwatiRDDIP target (40 out of 500 envisaged applications)
whereas 60% of targeted applications have beenigednfior measure 214.6.1 that involve a lower leve
of commitments. Despite the low number of applaagi the concerned surface accounts for about 30%
of the target one (30,000 ha). The monetary vali¢the whole measure 214.6 amounts to about
3,800,000 euro, i.e. less than 5% of agro-enviratedepayments, of which 4.5% for sub-measure 1
(figure 1).

46



16" Meeting of the FAO-CIHEAM Mountain Pastures Network
Contribution of mountain pastures to agriculture and environment

Figure 1: Allocation of agri-environmental
payments by sub-measure during years 2009-

2;‘23;2 2011 (total amount of payments: 81,979,494
P data from RDP 2007-2013 Monitoring
Agency)
214.1 Sub-measure codes: 1. Low impact

64.3% : 2146, agriculture; 2. Organic farming; 3. Increase of
4.5% soil organic matter; 4. Conversion of arable
lands; 6. Extensive grazing systems; 7.
214.6. Enhancement of ecosystem environmental
and landscape functions; 8. Conservation of
local breeds; 9. Enhancement of rice paddy
biodiversity. Sub-measures not listed have not
been implemented yet.

The start-up of the measure has been probablytaffdny a remarkable time lag of farmers’ union in
spreading the news, as it generally operates aaaquoint between regional offices and farmershSa
delay could be related either to difficulties tack agricultural entrepreneurs, who generally ataused

to internet communication and often live in inaciiele summer quarters, and to start-up uncertaintie
Actually, the submission of Pastoral Plans requif@sthat applicants charge a freelance, whose
remuneration has to be paid directly by the farmeéth the draft of the plan; (ii) the collection afl
above mentioned basic elements by the freelancalynduring a short summer period; (iii) the data
analysis and the drafting of the management pliag;tile delivery of the Pastoral Plan to mountain
communities or districts to verify that it is costeint with RDP indicators, appropriate, and applea

(v) the authorisation to plan start-up at the ehihguest, followed by the check of eligible ardgsthe
regional agency for payments in agriculture (ARPE®)) the payment of the prize by ARPEA, that
performs a second check of 5% randomly selectatspla

Several problems have hindered the regular coufssulomission and inquest stages, starting from
identifying the freelance in charge. A limited nuentof experts in grazing-land management is avaijab
this limit has been partially overcome with spexifitensive post-graduate training.

The direct remuneration of freelances could hagealiraged several farmers, not willing to spend, on
average, the amount of one year measure prize.

Uncertainties dealing with the assessment of adgast sometimes coupled with uncertainties in the
duration of summer quarter lease agreements, hawveed a shift in data gathering and plan drafting,
reducing the commitment period and, consequetitéynumber of payments.

Inquests by mountain communities and districts haken a long time, because of the lack of grazing-
management specialists; this limit has been phrtiavercome by means of specific training.
Nevertheless, at the moment few farmers have aiadfbuthorisation to start-up, even if since 2008y
have been managing their pastureland accordinwet®astoral Plan.

Finally, the need of adjusting some technical patans dealing with grazing management establisiged b
EC and some conflicts between the regional ageacydyments and agriculture regional offices, are
further delaying the conclusion of procedures dedpayment phase.

Conclusions

The attention of farmers towards a more sustainableagement of summer pastures, which often results
either in labour and production cost reduction aneénvironmental and landscape ecosystem function
improvement, has grown. Even if the measure haersuf several start-up drawbacks, the innovative
implementation of Pastoral Plans in the framewdikaaormative act should be pursued also in the
coming Rural Development Programme, so as to gwméirauity to the development of mountain farming.
The actual effects of this public investment on giaal areas will be reached in some years. However,
the farms applying the measure have gained a leogsensus in the world of mountain livestock
breeders, which is a basic condition to enlargeathime areas preserved by management under Rastora
Plans.
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Abstract

This study has been inspired by dynamic structtiiahges in Carpathian area, in particular, chairges
land use during last 25 years. The aim of this papdhe evaluation of the changes of the areas of
pastures and hay meadows, projected over geneaabftrmation of the agriculture in selected
communities located in mountainous areas of theaRBIver drainage basin. Changes in animal
husbandry have been described by selected produp@mameters such as livestock expressed in
Livestock Units (LU). Changes in land cultivatidrave been described as Nitrogen-Phosphorus-
Potassium (NPK) load (resulting from fertilizindPK balance, and size of the areas cultivated with
most important domesticated plants. A determinalias been made on relationship between production
and structural factors and also, on most imporacibrs influencing structural changes. These @aaly
have been correlated to associated changes inutiligycpf the surface waters and to the land usagh.
Strict relationship between limiting the agricuéibproduction, as well as, the change in the ushglee
significant areas from cropland to grassland, t® thanges in the magnitude of the biogenic load
introduced to the environment has been substadtidte There are additional important influencing
change factors such as expansion of tourism, wibaelopment, etc. Conclusions of the study willsiss

in optimal shaping of the functional space of theuntainous regions with preservation of the suatae
development of the area in question.

Key words: agriculture use, permanent grasslandblealands, stocking, NPK load.

Introduction

The Carpathian areas have very intensively tramsfdr structurally, mainly in regard to agricultural
production, infrastructure transformation, and emwvinental changes in the structural space. Thidrhas
turn influenced the structure of land use, bothicagfural areas and their proportion to non-agtictal
lands, mainly urban areas and technical infrastractThese transformations have their roots irstitgo-
economic changes after 1989, in the Polish acaessi@&uropean Union in 2004, and several processes
of natural and anthropogenic origin (Kopacz 200#afdy 2008, 2009).

Since surface waters are abundant in the areagistign, these transformations have also an infliemc

the quality of water environment, which is very sitime to anthropogenic pressure, and represents
specific indicators of spatial and structural crem@Guzik 1995, Simonides 2007).

The aim of this study was to evaluate long ternngea in agricultural use with particular emphasis o
pastures and meadows. This assessment was prapected background of transformation in agriculture
which took place in the mountainous Raba Riverloaent. These changes have been described by some
production parameters, such as livestock densiyressed by the Livestock Unit (LU) per ha and the
total inflow of biogenic components NPK of agricull origin in the catchment area (kg NPK/AR).

Material and methods

The structural and performance parameters usdukintatistical analysis in most cases were basdideon
administrative layout. The statistical data usedthis study has been obtained for each of the
communities situated within the upper Raba Rivesirband was apportioned to individual parts of the
basin using a matrix conversion, which calculated proportions between common areas of the
researched communities and parts of catchment.areas

The studied area was the upper Raba River basio sgction in Dobczyce with total area of 768 squar
km. Due to its orography, landscape, climate ansb dhydrography, the research catchment is
representative for the entire region of centratpalf the Polish Carpathians (Dynowska et al. 1991,
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Dynowska 1995). This region includes several gepimaogical regions: Brama Sieniawska, Beskid
Sadecki, Wyspowy and Zywiec and Pogorzeémdkie. The Raba River is a right-bank tributarytioé
Vistula River. Its sources are located at a heaht85 m above sea level on the slopes of Obidowa.
About 86 percent of the Raba River basin is locatdtie Beskid Mountains, which qualifies this assa
typical mountain catchments (Niedbata, Czulak 2000)

Summary of the analyzed catchment areas are peesienTable 1.

Erreur ! Référence de lien hypertexte non valide.

Table 1. Overview of the analyzed fragments and sections msaring catchment
in the upper Raba basin

Erreur ! Référence de lien hypertexte non valide.

Number of . Area of catchment above | Place of measuring
. . River . ; :

measuring section measuring section [kfh section

1 Raba 27,4 Raba Viya

2 Raba 768,0 Dobczyce

3 Trzeménianka 29,1 Banowice

Data from the years 1980-2005 on the land use taneiand parameters, which are describing the
agricultural production, were obtained from the Regl Statistical Office in Krakow. Data were
collected from 15 communities located in wholeropart in the upper Raba River basin. The following
are the communities in question: Dobczyce, Dobmdahow, Lubié, Mszana Dolna, Mlenice,
Niedzwiedz, Nowy Targ (rural part), Pcim, Raba Wha, Rabka-Zdroj, Siepraw, Tokarnia, Wieliczka,
and Wgniowa. The numeric values of the parameters foh eamnmunity or a part of it, have been
apportioned to each part of the research catchrasnlisted in the table 1. The load of biogenic
components (NPK load) originating from agricultursburces was calculated using MACROBIL
software. The relationships between land use amdtstal parameters were determined by linear and
nonlinear regressions depending on the highest ¢td\&atistical significance. (Elandt 1964; GrE995).

Results and discussion

In the upper Raba basin significant changes ircaljural use have occurred. The largest changesrade
the arable lands and grasslands, and especiattyetmlow areas. Table 2 illustrates the changesein th
agricultural use in selected parts of the upperaRRilver basin.

Table 2. Changes in agricultural use in the updraRRiver basin in the years 1980-2005
[percent of total area]

Agricultural lands

Sections/years 1980 1985 1990 1995 2000 2005
Raba - Dobczyce 55,21 54,5 54,1 48|6 47,3 44,2
Raba - Raba W. 58,77 58,1 589 589 457 40,2
Trzemdnianka 73,0 | 72,7| 71,5 53,2 50,8 46,5
Arable lands

Raba - Dobczyce 45,1 44,3 429 37|8 36,26,6
Raba - Raba W. 46,80 46,9 47,0 47/0 296 19,7
Trzemdnianka 56,2 | 555| 54,00 383 36, 31,3
Grasslands

Raba - Dobczyce 8,9 9,2 9,9 9,8 1013 17,1
Raba - Raba W. 11,5 115 116 116 159 20,2
Trzemdnianka 132 | 14,4 14,1 124 12,1 135

Although the agricultural lands in upper Raba Rigatchment have decreased by about 11 percent, the
other parts of the catchment have shown greateedse. The Raba Wyzna section has noted decrease of
almost 20 percent. In the catchments of tributaties reduction of the agricultural area was ewegdr.

For example: in Bysinka it was about 25 percend, Brzemeénianka catchment 30 percent.

Within the agricultural lands the arable lands hau#fered the greatest decrease. These areas have
decreased from 20 percent to (in some cases) aBfgstrcent.
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Within the grasslands, an increase of meadow seidacurred, and pastures areas slightly decreased.
These changes result from the transformation ofesarable lands to permanent grasslands (partigularl
meadows), as a result of discontinuation of cultitra These meadows are often either abandoned, or
extensively used. Hence, such meadows have cedviErtwasteland. The phenomenon of "conversion”
of the arable lands to grasslands or wastelandlispartial. In the upper Raba River basin, reductf
agricultural lands amounts to about 20 percentrgegarts of arable lands have transformed to non-
agricultural areas (eg: habitable areas), or irt pave been completely degraded and qualify as
wasteland.

These changes resulted from the 1986 northern giatthe upper Raba River basin convertion to a
retention reservoir in Dobczyce. This reservoilo classified (by the Statistical Office) as ast@iand.

The changes in livestock (—expressed in LU), an# IMfad generated by agricultural sources (expressed
in the pure Nitrogen, Phosphorus and Potassium openis) are illustrated in table 3.

Table 3. Changes of stocking and NPK load in thgeuRaba basin

Sections/Years | 1980 1985 1990 1995 2d00 2005
Stocking [LU per hectare AL]
Raba - Dobczycel,15 | 1,09 | 1,03 | 0,91 0,75 0,39
Raba-RabaW. 135 126 122 106 1,06 0,58
Trzeménianka | 1,01| 091| 0,88] 0,78 0,61 0,31
Load NPK [kg NPK per hectare AL]
Raba - Dobczyce302,8{285,9 | 241,8| 223,9 189/1 123,2
Raba - Raba W.| 335/820,4 | 277,8| 254,3 239,0 1571
Trzeménianka | 277,1252,3 | 214,5| 200, 163,8 1151

A clear reduction of the herd size was observed.oimparison with the 1980s livestock load, there ha
been a decrease from 1.0-1.4 to 0.2-0.6 LU/ha.tdtaé load of NPK was also reduced, from an average
level of 300 to about 124 kg of NPK per hectararaible land. Intensity of changes in livestock BfRK

load indicate that the greatest reduction of lieelstand load began in the second half of the résetf

the last century.

It is noted that within the examined time spaneacicollinear relationship exists between the tnes
decrease and the reduction in arable land. Caostlyy significant increase in grassland was noted.
Changes relationships of arable land and grassianddation to the entered load of NPK are illagtd

in table 4.

The table 4 regression equations represent thgoredhip between changes in the volume of catchment
NPK load rate and changes in the area of arabtisland grasslands. They can be used to deterngne th
estimated relationship between changes in agri@lltuse of the different parts of the catchment ned
size of the load rate.

Table 4. The regression functions in the upper Rabehment between load NPK (value Y) and the area
of arable lands and grasslands (value X)

) Arable lands Grasslands
Section
Formula R |Formula R
Raba Dobczyce y = 36,24¥° 0,90 | y=5041,2x* [0,74
Raba - Raba Wyna | y = 28,088% 0,71 | y=23333%"" [0,76
Trzemdnianka y =4,63x - 10,23 0,82 - -

Increase of grassland area in all sections of thbaRRiver catchment, decrease of NPK load and
simultaneous decrease of livestock seem illogisithough it proves that the transformation of aeabl
lands into meadows or wasteland, due to its extensse or disuse (Pietrzak 2002), is a result ef th
European Union policy and its direct payments te tarmers. Cultivation of the land and livestock
breeding has become uneconomical except to covarefss own use, due to numerous agricultural
production limits, and the sole stimulus holding fleld is direct payment from EU.
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Conclusions

The following conclusions can be drawn:

1. There was significant structural and spatiahgfarmation in the upper Raba River catchment & th
years 1980-2005. The most dynamic changes happerkd second half of 1990s and first years of the
twenty-first century.

2. The greatest decrease concerned arable lardif@aase concerned mainly the meadows.

3. In the studied period a serious reduction ofmahiand plant production has been observed. Iitezsu
with a reduction of agricultural lands, particwjaarable lands.

4. Despite of the decrease in livestock the gradsland wastelands have increased. This demorsstrate
the secondary ecological plant succession andoivgsr the extensive character of grasslands, often
maintained only for obtaining some direct payméras EU.
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Abstract

Rapid assessment of the nutritional quality ofgliagested at pasture is pivotal for successful-caliv
management in Mid-Eastern herbaceous pasturearinatibjected to phases of unpredictable rainfall a
hot-spells. Composition of pasture samples hate ligignificance, as cows graze selectively in
heterogeneous pastures. In contrast, faeces ailg saspled and their near-infrared (NIR) spectra
encompass information about nutrients and the usdenof them. We calibrated prediction equations
based on 125 pairs of individual dietary attribuéesl the NIR spectral characteristics of associated
faeces. Diets were composed of a wide array ofsgeand forbs at various phenological states, avith
without supplements. Calibrations fior vitro DM digestibility, NDF, CP, and ash, were enoughose

(R? valuesca 0.90) and accurate (SE of calibrations, 2.8, 3.6, and 1.6%, respectively) to be used in a
two-year monthly consulting frame with two commatccow-calf operations grazing on the Golan
heights. Faecal NIRS was useful to elicit a diadogwvhen to start or interrupt supplementation, bemw

to turn cows to new plots but the time gap betwssmple collection and delivering of results by étma
was too long (8 days), and reliable recommendatomnsd be formulated only after assessing cow and
pasture condition, i.e., considerable input oflekilmanpower.

Key words: beef cattle, nutrition, NIRS, monitorjmecision-making

Introduction

The 40,000 head beef cattle industry in Israehmsall but makes important contributions to presagvi
natural landscapes and bio-diversity, particulanlythe scenic woodlands and grasslands of Northern
Israel. Nutritional value of herbage has an impdrtale on cattle productivity (Hollowagt al, 1979)
and is an important consideration in the design iamgementation of grazing systems (Briskeal,
2008). Diet quality and herbage availability ditgcaffect selection of feeding areas (Ganskopp and
Bohnert, 2009) and animal condition.

In Northern Israel, the rainy season starts in @&toand ends in late March, with rainfall ranging
between 400 and 900 mm. Grass primary productieenes from January to April. It may be high in
Mediterranean ecosystems, but it encompasses maimiyt-lived annuals characterized by high
seasonality (Sternberg al, 2000). This implies that free grazing beef eattlay face a reduction in the
nutritional quality of forage through its chemidadredients, digestibility and metabolized energying

the hot and dry season (Broshal, 2004). In particular, fall-calving cows will faca shortage in food
during pregnancy and nursing and need supplementaliccurate assessment of dietary quality allows
monitoring temporal stocking density, supplementatfle adequately, hence, improving the probabilit
of a high calf crop. Poultry litter (PL) feedingtise most widespread supplement in cow-calf opmmati
but PL in excess is a health hazard (SilanikoveTaachkin, 1992) and evaluating its proportion iedty
consumed diets is a tough task.

Elucidation of nutrient intake in free-ranging aaisihas long been a challenge: estimation of tiseupa
components which disappear during the grazing psodée flawed because clipped samples are seldom
representative of animals‘ diets. Oesophageallfisgd animals have been extensively used in thetpas
determine diets ingested at pasture, but theirhasedecreased because extrusa samples collected fro
fistulated animals may not reflect the selectidghibited by non-fistulated resident animals (Ceateal,
1987) and because of animal welfare regulationsrdftistological analysis of plant epidermal fragtsen
in faecal samples is considered an accurate teghriar estimating botanical composition (Alipagbal,
1992), but evaluations must be corrected for diffiéial digestibility, which makes the method irrelat
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for heterogeneous pastures. Plants species carisbenihated within a mixture by using n-alkanes
contained in the waxy cuticle of their surfaceplast "finger-prints”. By using differential corréans for
faecal recovery, they can be used as tracers ahlwal composition, provided that their concentratin
dietary components is well individualized and thenber of n-alkanes exceeds the number of species in
the diet (Dove and Mayes, 1991). However, alkarnssdnto be saponified and extracted with heptane
before gas-chromatograple.g a time-consuming procedure that involves theafigeazardous chemicals.
Also, Broshet al (2003) reported unexpected recoveries and largdytical errors at low alkane
concentrations. Most importantly, the microhistabad)and n-alkanes approaches cannot be used taserou
farm procedures as their cost is too high.

A technology for easier elucidation of diet qualtgrmed "faecal NIRS" (FNIRS) was pioneered by
researchers at the Texas A&M University (Lyons &hath, 1992), based on the finding that the chelmica
information encompassed in faecal spectra in tle-imfrared range (1100 to 2500 nm) is closelytesla

to many dietary attributes. Lyons and Stuth (19820 Coates (1999, 2004) successfully established
FNIRS calibration equations for percentages ofamjetrude protein (CP), dry matter and organic enatt
digestibility in vitro or in vivoin cattle. Bovalet al (2004) have also established FNIRS calibratians f
fiber attributes. These calibrations were estabtisiith cattle grazing herbaceous pastures or d ¢
pasture in confinement. Samples for reference gahave been obtained with oesophageally-fistulated
animals (Lyons and Stuth,1992), with confined asnied hays or mown pasture (Boval et al. 2004), or
a combination of these procedures. Most calibratimave been developed for diets consisting entokly
forage, but Gibb®t al. (2002) demonstrated that it is also possible teelbg calibrations to measure
crude protein and DM digestibility of forage dietispplemented with protein meals and cereal grains.
FNIRS is applied semi-commercially, i.e., costuported as least partly by governments and NGO’s i
the US (Ganlab, Texas A&M, College Station, TXphffcnrit.tamu.edu/ganlab/GANIab_webpage.htm),
Australia (CSIRO, Northern Australia), and FNIRSgctions exist in Israel for goats (Landeual,
2005) and beef cattle.

The aim of this study was to assess the usefubfdshlIRS in assessing nutritional attributes ofzing
cattle in the Golan Heights grasslands.

Material and methods

Development of FNIRS calibration equations to predietary attributes requires a dataset of dietdh
pairs consisting of NIRS spectra of faeces and kedge of the attributes of diets from which these
faeces originated. The latter, obtained by coneealiprocedures such as "wet chemistry" are tettimed
"reference values" (Landaa al, 2006).

We built a database encompassing 134 diet-faeaal fracluding 48 complete mixed diets (wheat stlag
wheat straw, corn grain, and urea in varying propos), 71 diets made of mowed pasture in the
Northern Negev area (barley, wheat, garden peasafitbwer at various phenological states, with or
without a supplementation of poultry litter and Ibgrgrain), and 15 diets that consisted of hareeste
mature natural pasture in the Upper Jordan Vallén, or without poultry litter and barley grain.

Cows were kept in individual enclosures. After dagtation period of one week, diets and residuees we
weighed and dried for 48 h at’@in an aerated oven. Feeds and residues werezaddlyrin vitro dry
matter digestibility (IVDMD; Tilley and Terry, 1962crude protein (CP) concentration, and dietdoegrfi
attributes (Neutral Detergent Fiber- NDF; Acid Dgent Fiber — ADF; Acid Detergent Lignin — ADL;
Goering and Van Soeste, 1970).

Fecal samples were packed into sample cells witlea-infrared transparent quartz cover glass and
scanned between 1104-2492 nm in 2 nm increments) wsiFoss NIRSystems 5000 NIR reflectance
monochromator spectrometer (Foss Tecator, Hog&wsden) in order to collect NIR spectra as log
(1/R) where R = reflectance. Before developmentcalibration equations, raw spectral data was
transformed with the Standard Normal Variance (S detrend procedures to remove non-linearity
that results from light scattering (Barnes et B989). Mathematical treatments used to enhancdrapec
differences where "1, 4, 4, 1" or "2, 6, 6, 2", wehéhe numbers represent the derivative, gap vadén
which the derivative is calculated, the number ofnfs in a moving average, i.e., first smoothing
procedure, and the number of nm over which therskemoothing is applied, respectively (ISI, 1999).
Calibration equations were developed on the treafexttral data, using the Modified Partial Least-
Squares routine of the WinlISI Il software (ISI, 999Before final calibration equations were calbeda
outlier passes were made to remove observatios Wi2.5 (ISI, 1999). The quality of prediction by
equations was evaluated by the coefficient of deteation (R), i.e., the proportion of variability in the

54



16" Meeting of the FAO-CIHEAM Mountain Pastures Network
Contribution of mountain pastures to agriculture and environment

reference data accounted for by the regressiontiequand the standard error of calibration (SEG) th
represents the variability in the difference bemvpeedicted values and reference values. The angcura
of calibrations was evaluated by aid of cross-wlah (with SECV as estimate of quality). Caliboati
performance is shown in Table 1.

The FNIRS equations were validated with externah deom grazing cows in the Northern Negev of
Israel, and were found to be sensitive to seastimahges, supplementation, and stocking density (not
shown).

The application of FNIRS equations was carried witih two commercial flocks grazing on the Golan
Heights close to Yonatan (Mevo Hama, 600-700 mlévation: 32 56 23 N, 32 56 23) and Afik
(Thierry, 300-400 m in elevation; 327 06 N, 3541 40 ), with 1000 and 140 adult cows, respectively.
The small flock was splitted between two sites KAfind Metsar). Supplementation policies differ
between the two flocks: in the larger flock, poyliitter (PL) and agricultural residues are offefeam
Mid-May to end of November whereas the smaller liggezes on wheat aftermath from July to October
and PL and hay are offered from October to Janullre we report results spanning from Octobero08 t
February 2011 and from January 2010 to Februaryl 2ftt the first and second flock, respectively.
Every month, we visited the flocks and collectedufig samples from every stocked plot of grassland,
we sampled bite-like biomass and we sampled sugpissnwhere adequate. All samples were dried in
an aerated oven at for 48 h atC@nd scanned as explained above. Our resultemedp2 and 135 dung
samples from the Mevo and Thierry flocks, respetyiv

Within the 134 pairs of diets-faeces included inlR8l calibration, some were discarded in order tto fi
the distribution of spectral variation in the cadition to that of the predicted data, using a Mahalbis
distance of 3 SD as cutting criterion (ISI, 19983;we had no data for very young pasture — diffitul
harvest and feed to cows - we assumed that in spripg, when all vegetation has similar nutritiona
value, cows are less selective, and we used thegevehemical values of bite-like clipped pasture i
each field as reference value in the first yeaorbfer to make for easier dialogue with farmerDMD
values were transformed into Metabolizable EneMEg) as follows: Gross energy (GE) was assumed to
be 4.2 Mcal’lkg DM. ME was calculated as GE * IVDMID.82. Therefore, the new calibration
encompassed 117, 121, 123, and 125 pairs of faeaksliets for ME, ash, CP, and NDF, respectively
(Table 1).

Table 1. Calibration performance of the FNIRS emuat used in this study: 134 pairs of diets an@gec
but some outliers were removed: SD representstédmeiard deviation of nutritional attributes, SEQ an
SECV are the standard errors of calibration andssk@lidation, RSQcal and RSQcval represent
linearities of calibration and cross-validatiorspectively.

Constituent N Mean SD SEC RSQcal SECV  RSQcval
IVDMD 117 64.9 9.5 2.7 0.92 3.3 0.88
ash (%) 121 10.0 4.3 1.8 0.83 2.0 0.79
CP (%) 123 10.5 3.5 1.1 0.90 1.4 0.85
NDF (%) 125 49.9 10.5 4.9 0.78 5.2 0.75

Table 2. Calibration performance of the equations for faemamposition used in this study: SD
represents the standard deviation of nutritionaibates, SEC and SECV are the standard errors of
calibration and cross-validation, RSQcal and RSQcgpresent linearities of calibration and cross-
validation, respectively

Constituent N Mean SD SEC RSQcal SECV  RSQcval
Ash% 159 22.3 5.2 1.2 0.94 1.3 0.94
NDF% 117 52.5 6.8 2.1 0.91 2.7 0.84
ADF% 111 33.9 3.9 1.4 0.87 1.8 0.79
ADL% 159 7.8 1.5 0.6 0.81 0.9 0.70
CP % 132 12.1 2.6 0.5 0.96 0.6 0.95
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Our dialogue with the farmers relied on the resaftéwo appraisal systems. First, we assessedrdieta
composition by using FNIRS equations (Table 1) sexbnd, we established a NIRS-aided calibration of
faecal composition based on samples collected glihia first year at Yonatan (Table 2). The resofts
faecal composition were used to back the conclgstsawn from FNIRS: for example, if dietary CP or
dietary energy in FNIRS prediction, we expectedde increased faecal CP. This is because most faeca
N is of microbial source, and the ruminal florapesds to both dietary energy and protein by in@éas
CP production; and if FNIRS predicted an increasdietary NDF concentration during the dry season,
we also expected increased faecal NDF. We establishscale of recommendations based on NRC
(1996) for beef cattle (Fig. 1).

Fig. 1. The NRC (1996) recommendations for Crude

< Protein (in grey) and Metabolizable Energy (in k)ac
13 255 | for cows weighing 630 kg and producing 14 kg ofkmil
§12 A\ o , S that served as basis for assessing dietary accuracy
e 11 3 i i
5 \.,/ s | during this study
= 15 &
2 : g | As the minimal CP concentration for cattle is 6%d a
s, -1 2 | given the accuracy of FNIRS equation (SECV, 1.4%),
S 6 _ 0.5% we recommended CP supplementation or moving cows
© 5 2 to a new plot any time predicted dietary CP waseund
4 ‘ ‘ 0 g 7.5%; at the difference of CP, a temporary deficME
0 5 10 15 can be buffered by using body fat depots similarly,
Months post-partum therefore we alerted at ME values lower than 1.7
Mcal/lkg DM. We also signaled when PL in diets

exceeded 40% (not shown).

Results and discussion

e menriiemmy As found also by Coates (2000, 2004) in Australia,

2 |, AshkofM) FASH_MEVO FNIRS was instrumental in elucidating seasonal ghan

S “' p in nutrition. Faecal composition (Fig.2) illustratehe

25 |l o - highly seasonal character of cattle nutrition in

oe | - - f: Mediterranean ecosystems. Ash contents peak atrttie

* : "7 ARRnten of January, decreases till April and abruptly iases

15 from October-November to January. NDF nadirs are

2o on Zoser o meoer Eader zroe A found in January-March, with peaks in April, an@dal

i CPOGOTDM) _+ ree nuese  CP graphs also show well-organized series of paakis

e [ X ﬁi rereve nadirs with amplitude probably related to climaie@nts.

4 7777777 % - ? Y4 Fig. 2: Faecal contents of ash, Crude Protein @GRf
DM) and Neutral Detergent Fiber (NDF, % of DM)

] Y monitored in two farms (Thierry, n=13%; and Mevo,

il*OLL 19-May 5-Dec 23-Jun 9-Jan n=462'.)'

®® T NDF (% of DM)

55 FXW The diets ingested by cows at pasture (Fig. 3)edari

5o -y ' - extremely in concentrations of ME (from 2.8 to 1.4

as A & -/ Mcal/lkg DM), CP (from 25 to 6% of DM), and NDF

. ——evoemerer —— (from 37 to 73% of DM). Our predictions were always

35 : : creemee . responsive to supplementation: the decrease iarglitfE

R S and CP in late spring was always stopped by

supplementation and diagnosed correctly. The fasmare at times surprised by the adequacy of our
diagnosis: we discovered that feed had not beehdruto a group of cows, a mistake that farmerewer
not aware of; we delayed supplementation on May92i¥rause it seemed a waste of money, given the
state of pasture, which eventually proved to lymed decision as 84% of the group were successfully
mated. By comparing the dietary NDF contents in tihe farms that we surveyed, it appeared that
dietary NDF was well explained by supplementatiamsupplemented cows had higher faecal and dietary
NDF. It seems that they had to consume coarses pHrtplants than supplemented counterparts.
Therefore, FNIRS predictions of NDF can contribistestimating stocking density in a nutritional geo
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I L e veThan Fig.3: Dietary concentrations of Metabolizable Hyyer

so e f Ay MEMEAE) gy u o (ME, Mcal/lkg DM), Crude Protein (CP, % of DM), and

- 1 =N Neutral Detergent Fiber (NDF, % of DM). Periods of

- ® AT < Bem e .7 supplementation are indicated in grey (Mevo) arathl

| = Bt T tea A (Thierry). Thierry's flock was grazed on two sitdif
- ° and Metzar.

Jres 7w gmen e mes e At many occasions, we claimed that the diets werte n

. CP(%of DM) T adequate and the farmers had already acted acghyrdin

o A ~ s cPmetar before the recommendation reached them; only ome, ti

o <y ~ we claimed that diets were too poor and the farder

B DD N T P4 not agree to our diagnosis but complied to our
- Xgea TR recommendation. During the summer of 2010, we

s

claimed that ME and CP contents at Afik and Meitar
Shoct  sompr  2e0c  2amer  2oa  10ae  Went dangerously low. The farmer agreed with ustibeit
i owner of the wheat aftermath fields did not alloww o
70 -— NDF (% of DM) - " supplement the cows. Farmers were surprised that dr
65 - Py .
o | B A P Sghumade dead plants were consumed, as evidenced by CP and
o T &= e NDF, until late in the green period. Maybe cows r@oé
e e e e able to harvgst grass at low helghts,. but more girigb
they select diets such as to keep nutrients stesayuch
as can be done, as shown for goats before (Kabetbya
al., 1998).

N * NDF-Afik
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Three man-days were needed monthly for each calfectNIRS scanning, data processing and
evaluating, and response dispatch to farmers. pae sf time from collection to completion of anags
was 7.91+4.2 days. The time needed to compile, weaihd classify the results (diets adequate or not,
supplemented needed or not, how to supplementlagpoximately 1 day. In other words, the farmers
received the information to their cows' diets 9 slafter collection, or 11 days after the diets were
consumed. It is too much time to be operationaleuridediterranean conditions, as changes occur
abruply (see a decrease in 8% CP in Afik within oranth in 2010). Potential solutions could be gerck
drying procedures for faeces or the establishmiecalrations with portable diode-array spectroenet

As noted in surveys at Ganlab, FNIRS programs as@eawareness of farmers to pasture quality. This
happened also in Israel. We are looking forwardetsuring that joining FNIRS program results
performance improvements and higher benefit.
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Abstract

According with the last climatic predictions on BOyear, the annual medium temperatures in East
Europe will rise with 3. As consequence, in mountain zone of Romanigicpkarly South-Eastern
Carpathians will take place profound changes rigfigo the distribution of the actual primary veaj&in
(woods), secondary (grasslands) and its produgti®it, the maxim actual level of spreading on altit

of spruce will increase from 1600-1800 m to 220024n (2500 m) and of beech from 1200-1400 m to
1800-2000 m, upper with 600 m, respectively.

Also, the actual productivity of woods and grasdtamituated at 1000-1200 m altitude after global
warming will be obtained at 1600-1800 m a. s. levehthere are better climatic characteristics. Sdie
changes will be produced slower than those climatituencing negatively the vegetation production.
The grasslands from the base of the mountainsswuffer a desertification deeply obliging the bresde
practice more the shepherding. In the contextlalba warming, the correct management of mountain
grasslands situated into a more favourable climatebe a rescue solution of livestock rearinghi t
Carpathian space.

Keywords: climatic change, arid zones, grasslaondymtivity

Introduction

The latest projections of climate evolution in twerld, the phenomenon of general warming due to
human activities (deforestation, industrializatibmnsport etc.) with increasing carbon dioxide s=iains,
melting ice caps and mountain glaciers, increagamdevels, flooding and arid period, desertifmati
enhancing extreme phenomena (hurricanes, typhtamsadoes, cyclones etc.) will have a major impact
on all humanity with unpredictable negative consemes (Gore, 2007, Marusca et al. 2010, Seres,
2010).

Forecasts for global warming climate will affectrarountry's pastoral land. Average air temperature
increase of %, which is forecast in the years 2070, will deteate a higher arid period and
desertification of the plains and hills with majuegative implications on crop production and liee&t
produced on natural grasslands.

The average air temperature increase % & Romania is forecasting that Dobruja, souttMofdavia,
western Transylvania, Banat, south of Oltenia andhrof southern Romanian Plain, so over than 30 %
of the country will undergo a process of desedtiizn and the remaining about 38 % will suffer arph
arid process, which will include further all ourapis, up to 85 % of the hills and almost 20 % & th
lower altitude mountains of the country.

Forecast changes in bioclimatic

Predicted climate change will have a major impaxcthe current redistribution of vegetation on araed
altitude vegetation layers influencing the habitatsl economic performance. According to forecasts f
the years 2070 an increase &f@ average air temperature in mountainous areasewakitudinal
gradients (-0.% / 100 m alt.) are expected to increase by ab@G ® of the current altitudinal
repartition of primary vegetation. For the mountaone the bioclimatic changes for the year 2070 are
presented in Table 1.
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Table 1: Changes of bioclimatic and altitudinal etdion levels for an increase of the average air
temperature with°® (for year 2070 )

Current Annual average Annual rainfall Possible altitude of the
altitudinal Altitude temperature °C) (mm) vegetation  belt after
vegetation belt | (m) Current | 2070 Current | 2070 hundreds years
value value
Alpine 2200- 2400 -1 2 1500 1250 Spruce
Mountain pine 2000-2200 0 3 1450 1150 Spruce
Mountain pine 1800-2000 1 4 1350 1050 Spruce cBee
Spruce 1600-1800 2 5 1250 950 Beech
Spruce 1400-1600 3 6 1150 850 Beech
Spruce + Beech 1200-1400 4 7 1050 800 Holm oak
Beech 1000-1200 5 8 950 700 Oak
Beech 800-1000 6 9 850 600 Forest steppe
Holm oak 600-800 7 10 800 500 Steppe
(Oak) GRADIENTS (Sub humid areas —dry)
(Forest steppe) | for 100 m alt. -0,5°C | -0,5°C +45 +45 mm | (Quasi arid)
(Steppe) mm (Arid - deserts)

From these data results that in high mountain anéadisappear the alpine and sub alpine levelg (th
Mountain Pine) and it will be replaced by sprucd beech forest layer.

The steppe area will replace the upper altitudoedd of the oak forest and forest steppe will repléhe
lower level of the beech forests. These major ceanig the altitudinal distribution of the woody
vegetation in the mountain area will reduce 40 %76f current forest area and will produce dramatic
conseguences on water balance and precipitation.

Forecast changes in mountain soils
Climate change will alter the physical - chemisdtlires of the soil (Table 2).

Table 2: Change of soil conditions at a increasavefage air temperature witf!C3(for year 2070)

Soil layer depth (cm) Horizons A

Current altitudinal atitude
vegetation belt (m) 2000 Distant pH in water V %

future 2000 2070 2000 2070
Alpine 2200- 2400 20 3,6 4,5 6 24
Mountain pine 2000-2200 35 @ 3,9 4.8 12 30
Mountain pine 1800-2000 50 § 4,2 51 18 36
Spruce 1600-1800 65 - g‘ 4,5 5,4 24 42
Spruce 1400-1600 80 % S 4,8 5,7 30 48
Spruce + Beech 1200-1400 95 <) gﬁ_ 51 6,0 36 54
Beech 1000-1200 110 (_% £ 5,4 6,3 42 60
Beech 800-1000 125 > : 5,7 6,6 48 66
Holm oak 600-800 140 25 6,0 6,9 54 72
(Oak) 8
(Forest steppe) GRADIENTS -7,5mm ~ -0,15 -0,15 -3% -3%
(Steppe) for 100 m alt.

Thus, depth of soil over the next 60 to 70 yealtkhei about the same because 1 cm soil in the teatge
zone is formed in about 100 years. However, soratifes may suffer agrochemical changes due to an
undefined time period to achieve a balance deteanby the specific temperatures and rainfall faseca
for the year 2070. Level of production in returrilwe lower than the current ones due to a diminigh
with about 45 cm of the soil layer depth and highadity with 0.9 units.

Soil reaction (pH) and the soil base saturatio®dMwill be changed with the altitude correspondivith

the more increasing active bioclimatic indicatasyvegetation.
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The much slower changes at the ground level wilkenidne productivity of the natural vegetation and
crops to be quite low because in the future willnbere favourable conditions of temperature at highe
altitudes.

Predictedoroductivity of mountain grasslandsand length of grazing period

As a result of climate change and the physicalentbal features of the soil, the highland grassand
productivity will change in order to achieve a nmaxim values between 1600 - 1800 m in comparison
with current altitude of 1000 -1200 m , above 60@espectively (Table 3).

Table 3: Predicteghroductivity of mountain grasslands and length ofgrazing period for an annual
average fertilisation of Ny P 50 K 50 kg/ha (BOs; K,0)

DM vyield, Grazing period

Altitude (t/ha) ( number of days)
(m) 2000 2070 Dif % 2000 2070 Dif

+ - + -
2200- 2400 1,2 3,8 +2,6 316 40 100 + 60
2000-2200 2,4 50 +2,6 208 55 115 +60
1800-2000 3,6 6,2 +2,6 172 70 130 + 60
1600-1800 4,8 7,4 +2,6 154 85 145 + 60
1400-1600 6,0 6,8 +0,8 113 100 160 + 60
1200-1400 7.2 6,2 -1,0 86 115 175 + 60
1000-1200 7,4 5,6 -1,8 76 130 160 +30
800-1000 6,8 5,0 -1,8 73 145 130 -15
600-800 6,2 4,4 -1,8 70 160 100 - 60
Gradients per 100 m altitude
1800-2400 -0,6 -0,6 * * -75 -75 *
1200-1800 -0,6 +0,3 * * -75 -7,5 *
600-1200 +0,3 +0,3 * * -7,5 +15,0 *

At an average level of fertilization of 100 kg/haaNd 50 kg/ha s and KO, the grassland current yield
of 7.4 t/ha DM, realized at 1000-1200 m altitudtethie future will be obtained at 1600-1800 m.

The altitudinal production levels of grasslandsti®ngly influenced by rainfall that grow from thase

to the top and the air temperature drops from @meho the top. Duration of grazing season of ethes
pastures currently decreases with 7.5 days peni@fitude, being equal to the length of the averaig
temperatures greater than or equal tdCLOAfter the rising of the average annual tempeeatith 3°C

in 2070, the length of grazing season at 600-8G0titiide decreases by 60 days compared with piresen
then increasing with 15 days for each of 100 ntualé to 1200-1400 m and decreasing again with 7.5
days per 100 m altitude. Future management of pestwill have to take account of these radical
changes through the improvement of infrastructtoads, water supply, shelterg:) to exploit better the
potential of grasslands.

At the base of the mountain area between 600 - hD@Gitude, where it will be a climate of steppela
forest steppe, it will be an urgent need to installagro - forestry pastoral system for diminishihg
aridity effects. Planting 20-100 trees per hectaativeQuerqusandFagusor Robiniaor Pinusand other
species resistant to drought for several yearsiésad the main ways in the management of grasslands
from the base of the Carpathians.

Conclusions

Soil and climatic conditions in mountainous areiad anfavourable altitude for traditional crops, uiegs

the development of ruminant livestock on naturadsgtand and best practice more widely to rural
tourism, like the Alpine countries.

With global warming projected by climatologistsethighest mountains can be considered as a refuge
and salvation for human existence in conditionraf periods and desertification of plains and Hittem

the lower altitude.
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To prevent the negative effects of future climateour country it is necessary to decide the proper
practice regarding the current system of agricaltas it is in the countries already affected by ari
periods and desertification. Besides irrigatiom, ititroduction and expansion of the Mediterranego a
forestry pastoral system and better managemertteofCarpathian mountain region are preventive and
curative measures to protect us against global imgrin the future.
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Abstract

The scarcity of available water, at global andattamal level as well, in relation to the expectéichate
change, forces scientists and policymakers to aeséxe and probably to exclude the cultivation ofewa
demanding crops from areas with water deficits. fdwsion of CAP urges the farmers to produce crops
taking into account the protection of environment g¢he water resources. In this study paper the
concepts of virtual, green, blue and grey watenvel as the ones of ecological and water footpisnt
discussed. Regarding the lucerne cultivation ineGeethe water requirements range between 12,000-
24,000 nYyear/ha. Due to the big amounts of needed watsr dhltivation should be reconsidered
especially in locations with water shortages.

Key words:virtual-green-blue-grey water, ecological-watertfsmt, lucerne meadows, decision making,
Greece.

Introduction

The world population is expected to be doubled betw2000 and 2050 reaching about 12 billion
inhabitants. Therefore, the need for protein comgion by humans as well as for feeding the domestic
animals will be dramatically increased. As the picttbn of plant origin proteins has a worldwide
interest, the solution to this problem is expectedoe given mainly by the cultivation of legumes
(Papakosta-Tasopoulou, 2005). Plants such as vageh,lucerne and trefoil are considered to belhigh
protein important. These legumes, apart from theitritional value, have also the ability to fix the
atmospheric nitrogen. They contribute to the econash nitrogenous fertilizers by protecting the
underground water from nitrate leaching. Howeveguimes need water for their growth coming either
from precipitation or from irrigation. In semi-aradeas such as Greece, the amount of precipitatioot
enough and irrigation is necessary to increase gi@ds (Papakosta-Tasopoulou, 2005). On the other
hand, it is very important to know that “managingter is highly capital-intensive, and capital iscal
scarce” while “there are environmental consequetwedmost any intervention in the water cycle whil
the economy depends upon the environment”(Gredg)20

The aim of this study paper is to present a corioiseduction to the concepts of virtual, greemyeband
grey water as well as the concepts of ecologicdl water footprint. Moreover, the water needs for
irrigation of lucerne cultivation in Greece haveebestimated.

Discussion

Theory of games and asymmetric information

In our everyday life, the benefit and the costmyf ahoice are not fixed. Also, they are not randintce

in most cases they depend on at least two directiydirectly interested parties. This is the sub the
theory of games which examines all these casesemiaious parties interact and behave strategically
(Kakridis, 2005). One party may compete with thieeot such is the case of farmers and governmental
authorities, farmers and environmentalists etc.weier, the cost of a probable conflict between each
other should not be ignored (Schelling, 1960).

On the other side, the so-called “asymmetries dbrination” may create many problems or as
characteristically mentioned “the unequal allogatd information may affect the market”. Examplds o
such information can occur between employees angdloger, creditor and debtor, farmers and the
Ministry in-charge (Stiglitz, 2003). These problearse mainly related to the adverse effects on tien
utilisation of the natural resources. They are ewoted with the reactions of farmers in the casettiea
agencies in-charge decide to enforce changes orcthvation habits.
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The virtual water

Virtual water is the water which is consumed bigoaémbedded in a product during its production
process (Allan, 1998)Virtual water is considered as a term that linkatex, food, and trade.
Regarding the latter, there is a virtual flow ofterafrom the exporting towards the importing coigsr
Countries which possess big supplies of water bleeta produce water-intensive goods. On the contra
countries with water deficits should import the abgroducts and dispose their water to other uses.
Therefore, the trading of the virtual water amoegions of a country, among countries or continerdg
lead to a more effective use of water and redfetproblems in the water scarce areas.

For the production of various goods it is significaot only the amount of water that is consumet bu
also the specific source which the water is confiogh. This knowledge is important for efficient and
sustainable water management (Seyam and Hoekdd@)).2The virtual water consists of three
components: green, blue and grey water (Zoumidak,&009). Green water comes from precipitation o
it is contained in the soil as moisture. Both categs (precipitation and moisture) may be usedctlye

by the growing plants and do not have alternatisesu Blue water is collected by man through costly
constructions (dams, desalinated water, transpamtatetworks, etc.) as well as in the form of
groundwater. Apart from the agricultural use, blugter has several alternative usages and probably a
higher socio-economic and environmental efficiertgsey water is the volume of water required totdilu
the loads of pollutants accrued during the productirocess based on the existing standards favaber
quality. Apart from the big amounts of water requito produce goods, an amount of grey water ¢ als
needed for the restoration of the environment. @imsly, products coming from systems that do not
overcharge the environment, such as the ones ahmrdarming, have a small percentage use of grey
water due to the exclusion of pesticides.

Ecological and water footprint

From 1980 it seems that the human demand for gaadsservices has over passed the regenerative
capacity of biosphere (Wackernagel et al., 200Bg &cological footprint counts the human demand for
goods originating from the nature. It also compattes consumption of natural resources with the
ecological capacity or bio-capacity of the land¢produce these resources (WWF International, 2006;
Kitzes et al., 2007). The ecological footprint ahd bio-capacity are measured in global hectarks (g
The gh is a common unit that encompasses the averaguctivity of all the biologically productivand

and sea area in the world in a given year. Biokfjigoroductive areas include cropland, grazingljan
forest, fishing grounds, built up area and landdarbon absorption; deserts, glaciers and the opean

are not included. In year 2003 the world ecologioatprint has estimated at 11.2 billion gh whitethat
same year the humanity needs in products and serwiere 14.1 billion gh. Apparently, if this ovespa
continues, the various ecosystems will constandtemorate and probably collapse. This ecological
overshoot refers to the level of demanded prodaaots services from an ecosystem that exceeds its
ecological carrying capacity (Wackernagel et @04). By definition, the ecological overshoot leaols

an eventual exhaustion of resources and to an adation of wastes. The process of measuring the
ecological footprint besides specific products (tneailk, tea, potato, cotton, wheat, etc.) may also
concern a business, a city, a state (Gerbens-Legredoekstra, 2008).

The above mentioned concept of virtual water is aédated to the concept of the water footprinte Th
latter is defined as the total volume of fresh wétat is used to produce the product. It is amxahich
provides information about the water that is consdrwithin a country and originated not only from
local sources but also from abroad (Hoekstra amtptH2002; Chapagain and Hoekstra, 2004).

The revised CAP

Based on the international trends, the new CAP 4p@0ggested that lands cultivated with cotton are
released and could be used for the establishmenteaidows and livestock farms; moreover, for the
establishment of manufacturing units in the sedbtivestock husbandry or different combinations
between them. The subsidies will not depend orvdiheme of the production while the producers should
take care of the environment and the public hesdthvell (Race and Curtis, 1997; Christodoulou gt al
1998; Christodoulou, 2003).
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Lucerne cultivation in Greece

Meadows in Greece are established in public orapeilands and they are distinguished into rainfetl a
irrigated ones. These areas amount about to 15M80€&om which 111,000 ha are lucerne meadows
with an annual hay production of 1.2 million tohs$.S.G., 1999).

In the case of lucerne meadows in arable landgation is the indisputable factor of annual yi€lthe
amount of used water depends on soil type, cliroatalitions, age of cultivation and season of growth
(Kontsiotou, 2005). Depending on the soil textuhe, required amount of water per irrigation is 0,00
1,200 and 1,800 fha for the sandy, sandyloam and loamy soils, cts@dy. The cultivation of lucerne
requires at least 5 irrigations per year, hamep itrgations in the spring and 2-3 irrigations time
summer for meadows cut 5-7 times between May apte8wer (Papakosta-Tasopoulou, 2005). Usually,
for 6 cuttings/year the requirements of lucerne doess for water range between 12,000-24,000 m
lyear/ha.

Although big amounts of water are needed for tHevation of lucerne, the origin of this water -greor
blue- as well as their proportion have not beerstigated yet. The proportion of green and blueewat
depends on the specific area, the altitude andehsonal distribution of precipitation during tleay

Based on this proportion the following basic guasti should be asked: is irrigated water offered to
farmers at a low price due to governmental subsidié so, these low prices do not reflect the starc
cost of the source or the respective externalit@® a possible over-pumping of water. Moreovels ha
the opportunity cost of this water been determiaed, consequently, is it the best alternative smi@t
These three economic factors (scarcity cost, ealities and opportunity cost) constitute importaodls

for the decision makers and policy agencies. Swegdistbns should be related to the reorganization of
feed crops, saving of water resources and protecfithe environment.

Conclusions

The virtual, green and blue water concepts shoeldgded as important tools for the efficient usevater
resources by decision makers. This could be dor@bgidering two points of view:

If blue water (irrigation water) constitutes an wnjant fraction in lucerne production, especiafiyareas
with water deficits, such cultivation should beaesidered.

If changes in lucerne cultivation are necessargn tfarmers should be encouraged and supported by
authorities’ in-charge to adopt the innovation.

Further research is needed for the assessmenitaflvivater content in lucerne production in diffietr
locations of Greece.
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Abstract

Fourteen pastures of six livestock farms of thedpient landscape of NE Sardinia were surveyed in
2009-10 from agronomy and pedology perspectives. sAimpling sites were located in an area
characterised by the same Potential Natural Végaté/iolo denhardtii-Quercetum suberssociation)
under a Mediterranean climate and asidls. The pastures, mainly composed by annualiepewere
grazed by dairy sheep, dairy cattle and beef cdaftiey were characterized by three different typkes
leys establishment, in relation to the time elapsiede the land had last been tilled and sowed (>20
years; 5-10; 2).

The three types of leys establishment didn't affemtbage mass production and the main soil fertilit
indicators. On the other hand, the seasonal henbegiiction was influenced by the livestock catggor
where dairy cattle farm pastures showed in sprigbdr production than those grazed by dairy sheep a
beef cattle. The latter had the lowest forage petdo in autumn, winter and late sprinhe soils of
dairy cattle farm showed the highest pH, organidtenatotal nitrogen, assimilable phosphorus and
calcium content. This result was interpreted ascthresequence of the long term effects of the extens
use of organic fertilisation (manure) in the daiagtle farm.

Key words: cattle, herbage mass, sheep, soilifertil

Introduction

Oak tree sylvoarable systems represent a domiaadstape of the Mediterranean region. These systems
consist of widely spaced trees inter-cropped witimual or perennial crops (Eichorn et al. 2006).
Sylvopastoral are considered as extensive fornylgbarable systems where the widespread vegetigtion
mainly represented by scattered oak trees, shrodsamnuals herbaceous species. Fodder (forage or
winter cereal) are the only grown crops (EichoraleR006) and the land use corresponds to an sixten
agro-pastoral activity. Nevertheless, the varidthand tenure and land management has led to asitive

of agro-sylvopastoral systems (Joffre et al. 1991 Sardinia, large scale grazing systems represent
dominant land use and sheep and cattle are thefregsient livestock (Caballero et al., 2009). Redhf
dairy sheep farming is the most common in the land pastures represent the main feed source. Low
temperature and radiation constraint pasture ptamum winter, when energy requirements of thendai
sheep are highest, while in late spring and sundraught limit grass yield potential. Farmers adapt
these conditions growing cereals and annual focagps in the arable land and using mineral nitrogen
and phosphorus fertilisation to increase pastucelymtivity and quality (Caredda et al., 1993). Agro
pastoral activity can influence the availability pdisture herbage depending on stocking and agrenomi
techniques (Osman et. al., 1991; Salis et.al, 20E@}tilisation may substantially increase forage
production and change pasture floristic composiiad soil mineral fertility (Salis and Vargiu, 2008
Different animal categories show specific grazimgl #eeding behaviours. They exploit a given habitat
depending on the rearing system that can resohiamges of pasture characteristics (Jouven 2040).

The aim of this study was to analyse the influent@razing system and grassland management on
vegetation and soil characteristics in a sylvopassystem of NE Sardinia.
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Material and methods

The study was carried out in autumn, winter anthgd2009-10, in the rural area of Berchidda and tvon
municipalities, in NE Sardinia. The area belongghe Meso-Mediterranean phytoclimatic belt. The
Potential Natural Vegetation was represented Migio dehnhardtii-Quercetum suberigssociation
(Bacchetta et al. 2004) on granitic substrate vathh to moderate slope in piedmont pastures. Six
livestock farms belonging to three Mediterraneatemsive grazing systems were selected: dairy sheep
(DS), organic dairy cattle (DC) and beef cattlerfar(BC). All farms relied on grazing pastures aawy
round. For each farm, we focused on three diftetgres of leys establishment, in relation to tineet
elapsed since the land had last been tilled fofdfege crop establishment (tillage, fertilisatiseeding):
long rotation, more than 20 years (A); medium iotat5 to 10 years (B); short rotation, 2 years (Gje
experiment was conducted according to a completeigomized unbalanced design. Overall fourteen
pastures, on fields ranging from 2 to 20 hectanesze, were studied at the six farms. In eaclupasa 1

m deep soil profile was carried out, and each diatjo horizon sampled for chemical and physical
analyses that were performed following Pagliai (00 the autumn—winter 2009-10, the herbage cover
was sampled on 0.5’mandomized area inside three 5X5@nces of each field, located out of the trees
crown area, to measure the herbage mass in ungcanéiions (H,). At the end of winter the whole of
herbage mass was cut and removed from the fencstgrolate the following spring forage production.
In May 2010 the specific contribution was assedsedach plant species within each fence (Daget &
Poissonet, 1971). Forage DM production and sotilitgr parameters were performed with one-way
analysis of variance (ANOVA). The means separatias performed with a Fisher’'s protected LSD test
(Steel and Torrie, 1980).

Results and discussion

During the surveyed period (from September 2009lay 2010), rainfall was 846 mm, about 60% higher
than long term means, and temperatures were sligtler than average seasonal values, in a range of
monthly means between 20°C in September to 7°Gmuaky (data ARPA, Dipartimento Specialistico
Regionale Idroclimatico). All farmers adopted semilagro-techniques to establish forage crops, i.e.
shallow ploughing (20-30 cm in depth), harrowingl dow level of mineral fertilisation (roughly 40 kg
ha' of N and P). The DC farm applied systematicallyneo50 t hady™ of manure. Herbicides were
occasionally applied in DS farms to control talleds in the pasture through rope wick applicators.

The soil analyses did not reveal any significaffiedence between the three types of leys estabkghm
(table 1) both in terms of chemical and physicdilfy parameters. These results were interpretethe
consequence of the adoption of shallow tillage esidtively low fertilisers rate for the forage crop
establishment.

The different grazing systems had a significantaotpon soil fertility, the DC farm soils showingeth
highest pH, soil organic matter, nitrogen, phospha@and calcium content, which was interpreted as th
consequence of the supply of animal manure aredl.litt

The pastures were dominated (67%) by annual spaaiesig which the most abundant were: Trifolium
subterraneum, Anthemis arvensis, Avena barbatapi&/ulgustica, Hordeum leporinum and Lolium
rigidum.

The highest grass JHproduction of the pastures was roughly 2.3 T h@asured in May, (figure 1)
whereas H total production was roughly 3.5 t"haThe different leys establishment didn't affectiage
mass production, while significant differences webserved between grazing systems. The BC pastures
showed a significant lower forage production inuaut, winter and late spring when compared to dairy
cattle or sheep systems. Pastures of the daifg cgdtem showed the highest forage productioraity e
spring, when the relatively high soil fertility alled an earlier re-growth (figure 2).
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Table 1: Soil characteristics of the A horizon fbe three types of grassland management and grazing
systems

Organic Assim. Bulk Structural
pH matter Total N P Exchan. K Ca Mg density stability
Leys -1 1 i1 -1 1 i1 3
establishment g kg g kd mg kg mg kg mg kg mg kg~ gcm %
>20 years 54 295 1.8 154 268.8 594 185 1.50 62.2
5-10 years 53 241 1.3 9.6 116.8 481 96 1.58 46.8
2 years 5.5 28.1 1.8 25.9 106.5 775 142 1.43 68.8
P ns ns ns ns ns ns ns ns ns
Grazing systems
Beef Cattle 5.3b 18.3b 1.1b 7.8b 107.3 466b143 1.57 58.6
Dairy Cattle 5.9a 44.2a 2.6a 43.7a 313.7 10862296 1.47 68.0
Dairy Sheep 5.3b 25.0b 1.5b 9.5b 146.2 480b74 1.48 52.2
P 0.02 0.03 0.03 0.04 ns 0.05 ns ns ns
Means followed by the same letter in the same colame not different (LSD test); ns= not significant
3. 1
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2,01
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Figure 1: Herbage mass production)lh relation to the three types of leys establishtn
22/03/2010: Clearing cut at the end of the winter
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Figure 2: Herbage mass production,)lh the three types of grazing systems in autuf@2winter and
spring 2010. DS=dairy sheep; DC=Dairy cattle; BCeBeattle. ** and *= means differ significantly
respectively at p<0.01 and p<0.05. 22/03/2010: i@igacut at the end of the winter
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Conclusions

The results clearly show that the time elapsedesthe land had last been tilled for the forage crop
establishment did not influence soil and pasturaratteristics of the open grasslands of the pietimon
sylvopastoral systems considered in this study. ddrmainance of annual plant species and the rict see
bank that characterize these Mediterranean pasiiiesica et al., 2008) make them resilient to
agronomic extensive practices, allowing a rapidovec of spontaneous species the year after crops
cultivation. Grazing systems associated to thesdhffit livestock species showed a significant impact
soil fertility and pasture production, which wessaciated to the farm intensification level. Thenptex
relationships between grassland management, saitacteristics, pasture production and natural
biodiversity are worth to be further studied to poip the identification of environmental friendly
Mediterranean grazing systems.
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Abstract

The aim of the study was the definition of selattivwcoefficient of Sarda young bulls grazing a
Mediterranean mountain natural pasture (850 m.l.)a.sSThree sub-plots were identified after
topographical investigatiotow Hill (LH), Upper Hill (UH) and Brushwood (BW)-or each subplot the
botanical composition, dry matter herbage on off¢®) were determined. Hand plucked samples of
herbage, mimicking animal behavior, were also ctdié to estimate the herbage selected by the asmimal
(HS). The chemical composition of HO and HS waseneined (CP, EE, NDF, ADF, ADL).
Coefficients of selectivity based on the most repreative chemical parameters were then calcubkged
ratio between their proportion in HS and HO. Anirbably weight was recorded. The foraging selective
behaviour of cattle grazing in a Mediterranean ratpasture confirms to be in agreement with aitual
level. The coefficient of selectivity for crude pem was 1.34 and for NDF and ADF resulted 0.91e Th
obtained results suggest that a diet based onrpastwld be a valid chance for Sardinian cattlediock
system.

Key words: mountain pasture, botanical compositi@rbage quality, Sarda breed cattle.

Introduction

The sustainable development of rural areas andnttreasing demand for environmental services are
strongly linked with agricultural production metisodompatible with the environment protection arid, a
the same time, with a less dependence on extarsalirces. In this context, beef fed at pasturesemts

a low-cost and renewable production system (Seottl., 2005) Unfortunately, pasture-based systems
are usually limited in herbage availability and essibility which has been considered as a majdoifac
impacting animal productivity (Soder et al., 200@).addition, few studies have been done on sekecti
foraging behaviour of cattle grazing natural pastuMuch of the experiments have been based on a
choice between few herbage species and show tkétchdle preference is related to the crude pmotei
level (Hirata et al., 2008). Moreover the evaluatad spatial and selective feeding behavior ofedéht
ruminant species is important to develop strateffiegither conservation or goal-oriented developime
of the ecosystem (Leiber et al., 2009). A trail veasried out to better understand the role and the
potentiality of natural pasture for meat farmingaimountain area of Sardinia. It aimed at compattieg
performances and the meat quality of Sarda younig grazing a natural pasture with those stall-fed.
This paper focuses on selectivity coefficients afda young bulls grazing a Mediterranean mountain
natural pasture.

Materials and methods

The study, was carried out during spring 2010 (}9M5/6) at the experimental farm of the Department
of Animal Production (AGRIS Sardegna) (40°25'N, BB 850 m a.s.l.). The Mediterranean climate of
the area averages 905 mm annual precipitation femgerature between 1.7 °C (January) and 28.0 °C
(July).

The pasture (8 ha) is a wavy top of a low hill witlnge Quercus pubescerand severaPyrus spp
especially in more steep areas. Three subplots identified after topographical investigatidrow Hill

(LH), Upper Hill (UH) and Underwood (UW). All thexperimental area was continuously grazed by 9
Sarda young bulls (11.6+0.3 months old and 289+8gweight, meansts.e.) that had a free access to
the different subplots. The animals continuoushayst at pasture and did not receive any
supplementation.

For each subplot the botanical composition, a cemduall plant species, dry matter herbage biomass
offered (HO) and fodder quality were determined. W&s determined at the beginning and at the end of
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the experimental period by clipping at ground le§etamples (1m x 0.5m) in each subplot. The HO
biomass was manually divided into plant specieshfdant family was weighted and dried at 60 °C til
constant weight and analyzed for chemical compwsiCP, ether extract (EE), NDF, ADF, ADL). To
estimate the animal herbage selection (HS) hartketisamples of pasture, mimicking animal behavior,
(Estermannet al 2001) were also collected in three occasionsndulast week of the experimental
period. The HS floristic composition was perfornieahis occasion by listing all plant species prise
Coefficients of selectivity of the most representatichemical parameters were then calculated &s rat
between their proportion in HS and HO (Estermatnal 2001). Data of botanical and chemical
composition of herbage on offer were analyzed v@ttM procedure of SAS using subplot, period and
their interaction as fixed effect.

Results and discussion

During the trial, the air temperature ranged betw&&°C and 18,3°C and the total rainfall was 208.m
A total of 143 plant species belonging to 35 faesilivere recorded inside the experimental pastire. T
most represented families wdfabaceag19.6%),Asteraceag16%) andPoacead12.6%).

Annual plants were more abundant (53%) than peaésniwhich were mainly represented by
Hemicryptophytes (31%). The three subplots wereradtarized by different species composition
(Tab.1). In particulatiliaceae and Fagaceaewere detected only in UWAsteraceadn UW and UH,
Caryophyllaceaenly in UH. FabaceaeandPoaceaaepresented more than 90% of HO in LH. The HO
and its quality at the beginning and at the enthefexperimental period are reported in table 2r@l/
the pasture was characterized by high HO biomagsredium quality. During the experimental period,
the average daily gains of Sarda young bulls wereparable to those of stall-fed ones (Acciatal,
2011).

At the beginning of the grazing period, HO was different between the three subplots. The qualig w
higher in UW (higher CP and EE) than in LH and Wilthe end of experimental period the HO resulted
higher in LH and UH whereas decreased in UW. Alacline of the quality on offer was observed in
UH. Both LH and UW still offered a medium qualitggiure with about 10% of CP .

Table 1: Botanical composition (% of HO biomass)tloé three subplots (LH = lower hill; UW=
underwood; UH = upper hill)

Fabaceae Poaceae Asteraceae Liliaceae Caryophyllaceae Plantaginaceae Fagaceae Other
species
LH (%) 49.5 45.1 0.8b 0.0b 0.0b 1.1ab 0.0b 35
UW (%) 23.8 47.8 7.3ab 9.6 a 03b 0.0b 4.0a 7.2
UH (%) 25.9 34.0 21.3a 0.0b 48a 4.1a 0.0b 9.9
P<0.05 ns ns * 0.07 * * * ns

Different letters following numbers in the samewnh indicate significant differences between means

Table 2: Herbage on offer (HO, t DM Haand its nutrient content (g per kg DM) at theibaing (April)
and at the end (June) of the grazing period. (meaandard error)

LH uw UH
April June April June April June Subplot  TimeSxT

HO (t DM ha) 4.37:0.34b 7.60£0.63a | 4.87+0.40b 3.64x0.63b | 5.09:0.40b 7.03+0.63a| ** B

DM, (g.kg* wet weight) | 215.7+8 ab 241.8t15a | 202.6:9b 227.6x15ab| 199.2:9 b  244.2t15a| ns *  ns

E.E. (9) 22.7t0.5a 18.2+0.9bc | 20.5:0.6b 23.2¢0.9a | 23.7t0.6a  16.1+0.9¢ ns

CP (g) 101.0+4.9b 112.8£9.0ab| 117.5t5.9a 93.5:9.0 bc| 108.1t5.5ab 69.8+9.0c | * o

NDF (g) 543.2+8 ¢ 605.6£15b | 540.8£10c 564.115bc| 541.1#9¢c  659.5t15a| * ooe ok

ADF (g) 331.243.6c 384.0+6.6b | 322.0+4.4c 366.1+6.6b | 333.5t4.1c  428.2+6.6a| ***

ADL (g) 43.2t3.0b  70.5t5.5a | 44.9+3.6b 61.1+5.5a | 48.3t3.4b  5985.5a | ns ** ns

Different letters following numbers in the same rawdicate significant differences between means

(P<0.05)

The comparison between chemical composition of EEHO shows that animals choose a higher quality
diet than that offered. This is further highlightegl the coefficient of selectivity which shows that
animals selected a diet with higher dry matter,ddE EE and less fiber component, except for ADL
(Tab. 3).
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Table 3: Nutrient content (g per kg DM) of herbageoffer (HO) and of herbage selected by the arsimal
(HS) and calculated coefficient of selectivity eingipal chemical parameters (means * standara)erro

HO HS Coefficient of selectivity
Dry matter (DM, g. kg wet weight) 238+13 272+13 1.14
Crude protein (CP, g) 92¢6 12647 1.36
E.E. (9) 19+, 361, 1.89
NDF (g) 609+13 554+15 0.91
ADF (g) 393+§ 361+9, 0.91
ADL (9) 64+3 72+3 112

Different letters following numbers in the same ravdicate significant differences between means
(P<0.05)

Animals selected in their diet 34 different spe¢@$% of the total census species) of 14 famib@song
which Fabaceag35.3%),Asteraceagq11.8%),Poaceae, Umbelliferaand Rosacead8.8% each) were

the most represented. Although the main contriloutiothe total biomass is offered Bpaceageanimal
selected legumes, probably because of their higoeatity (10.6 vs 8.2 CP; 60.3 vs 67.8 NDF, for
legumes and grasses respectively), and, as a emrsarjof the higher ADL content of legumes respect
to grasses (7.8 vs 5.2 %), the coefficient of selig for ADL resulted higher than 1.

The HO reduction observed in UW together with teerdase in CP content and the moderate increase in
NDF and ADF during the grazing period suggest thatanimal spent more time grazing under the tree
than in other subplots, demonstrating their ability select between different portions of pasture.
(Ganskopp and Bohnert, 2006).

Conclusions

The foraging selective behaviour of cattle grazepecies diversified Mediterranean natural pasture
confirmed to be in agreement with a quality levidlis resulted in coefficient of selectivity hightxan 1

for CP and lower than 1 for NDF and ADF. Howeveeding preferences couldn’t be established only on
the basis of plant protein contents. Topographit Botanical features of different areas of the yrast
were also playing an important role. In spring, yloeng bull spent most of their time grazing unther
trees, showing a preference for the underwood &reese results suggest that a diet based on pasture
would be a valid chance for Sardinian cattle ligektsystem, also from an economic point of view,
matching the needs of environmental protection.
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Abstract

The populations of ungulate gam@Artjodactyld and black grouseTgtrao tetriy show different
development trends in Slovakia. While the numbérsngulates are rising, the black grouse populagon
decreasing. In the 1970s, the red de@er¢us elaphyspopulation was about 25’500 head, but it
increased to 46’000 head in 2009. The roe déapleolus capreolysnumbers increased from 72’000 to
96’600 head. The population of black grouse hasedsed from 2’200 — 2’300 to the current 1'000 —
1'300 head, respectively. The identical populatiends are found within the area of mount KriZzna
(altitude 1574m; the &4 Fatra mountain range) with the current approténmambers of 200 heads red
dear, 100 heads roe deer and 50 heads black grouse.

Cattle and sheep grazing showed positive effectsatanical composition of grassland and, as a tesul
on the quality of herbage available to ungulate amd black grouse. The sward was dominated by low-
value Deschampsia caespitogé.) P. Beauv., but comprised also valuable forggasses Agrostis
capillaris L., Briza mediaL. and Dactylis glomeratal.). There were also other forbs with low or high
forage value Alchemilla vulgarisL., Carum carviL. andGalium cruciatal.). Chemical analyses of dry
matter (DM) in herbage were carried out to detearthme following parameters of nutritive and energy
value in forage: net energy for fattening (NEV)gektible organic matter (DOM) and protein digested
the intestingPDI).

Keywords: grassland, nutritive value, black gro($etrao tetriy, grassland quality, ungulate game
(Artiodactylg), red deerCervus elaphys roe deerCapreolus capreolys

Introduction

The transformation of Fatra forests began withntiigration of population to mountain areas. In ti¢hl
century, it was brought about by the Wallachiamuo@ation which refers to the spread of shepheuis f
Romania across the Carpathian arc to Slovakia. kébisalater granted the right to the shepherds to
deforest summit areas in the [Ka Fatra mountain range. By cutting down the ta®s burning up the
land, shepherds created new summit pastures far ftbeks of sheep and goats. Shepherding in the
Velka Fatra mountain range culminated about 75 yegoswehen several shepherd farms were to be
found in this area. Typical for the area of Plogkdal Mintola, heifers and horses grazed on barren
pastures, in addition to sheep. Meadow managenmessdmed as well. During the first years since the
collectivisation, the importance of sheep was uestnated and shepherding (on the basis of
cooperatives) has been on rise again over thef@asyears. For instance, as late as in 1972, faigw
the socialisation of agriculture, a modern sheem fa one of the largest in Slovakia — was estabtish
Liptovské Revlce. Nowadays, 2,500 ha of mountaiadows in summit areas are not mowed at all.
Farmers choose to use grazing only minimally. Heaji@zing is concentrated in two locations — below
BoriSov and near Ki@va studa. Grazing of small flocks of sheep is concentratethe areas at lower
altitudes.

Material and methods

The monitoring of the impact of grassland managénpeactices on utilisation of restored permanent
grassland by ungulate game and black grouse amldeimpopulation is conducted throughout the years
by direct observation as well as by detection awbnding signs of animal resting places such akdra

bedding areas, diggings or excrements. When agplgirect observation, observers occupy survey
positions with perfect view and record the distanoel azimuth of an observed animal or a herd of
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ungulate game or a flock of black grouse. Measunesnef the geographical position of each sign of
animal resting places are made by GPS equipméraregects going across selected locations.

Botanical composition of the monitored grassland wealuated by the method of projective dominance
by Maloch (1953). Agri-botanical groups of grasdegumes, forbs and bare ground were determined.
Out of each agri-botanical group, all species preseswards were determined.

Results and discussion

During the growing season, the cover of grass spatil not differ considerably. Grass species ptéee
the sward had the highest percentage occurrencef @it observed agri-botanical groups. Predominant
species werdgrostis capillarisL. (6 — 22 %) Dactylis glomeratd.. (9 — 16 %) andBriza medialL. (3 —

16 %). Dominant species wBgschampsia caespitoga.) P. Beauv. Its cover ranged between 26 and 46
% during the growing season. As for the botanicaig of meadow forbgAlchemilla vulgarisL., Carum
carvi L., Galium cruciatalL. Carlina acaulisL., Cirsium eriophorum(L.) Scop. andHypericum vulgaris
Lam. were dominant. The presence of legumes wagwest during the observation period (0 — 2 %).

In 2010, during the black grouse spring and autlekking activity which under the conditions of the
area of Mount KriZzna occurs in the second half pfilkand during May, the occurrence and population
of a black grouse were monitored in selected looatintended for the restoration of alpine meadows.
Within the area of Kréova skala (48°53°01,367", 19°02°53,43"") 4 blaadkuge males were counted, and
3 within the area of Mala Krizna — Uplaz (48°5188;, 19°03'15,61""). There was no evidence oflblac
grouse in the area of Kidva Studa Hotel (48°52°47,82"", 19°02°20,62°"). In all cgskowever, there
was no record of black grouse females, althoughdbis not necessarily indicate that they do noaroc

in monitored locations. It is highly probable tlthey may have escaped our attention thanks to their
protective colouring of the feather.

Conclusions

The monitoring of the occurrence of black grouse #re impact of grassland management practices on
their population in the model area will also befpened in spring this year. A series of monitoring
conducted so far have shown that the highest nwsrdfdslack grouse males were found in locations wit
utilised grasslands. In this case, they were usetiviestock — heifers — grazing. Grassland utiicsahas

a positive impact on the quality of herbage avddab black grouse and ungulate game at their &isbit
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Abstract

This paper presents structural changes in Polammlltiegy from recent social and economic
transformation. In relation to 1970’ and 1980’,iagltural lands significantly decreased (to 16.21i8iom

ha in 2008). Arable lands were reduced in favougrasslands and other lands including barren lands
which are markedly noticed in Carpathian areasu#latse of grasslands exceeds 40 % of the whade are
especially above 700 m a.s.l. with more than 65%wéier, grassland yields also decreased.

Keywords: Carpathian areas, grasslands, non-priv@udtinction, spatial transformation, structural
transformation

Introduction

Polish land use structure didn’'t changed much enl#ist years. Till the end of the 1980’, agricidtur
lands were treated almost exclusively as productjk@unds, particularly by an increasing mineral
fertilisation. Mineral fertilisers were relativeheap and strongly promoted by the state autherilibe
main aim was to achieve as much plant and anin@yation as possible regardless of circumstances
and consequences. On the other hand, organicidersi mainly those from animal production, were
considered as useless and troublesome by-prodiuoth. an approach, often worsened by organizational
errors and enforced collectivization, resulted iadyal impoverishment and degradation of ruralsarea
Any agricultural productive activity, regardlessitsf costs, was overestimated in those days compare
with other aspects, particularly with hardly paréenieed environmental values. This in turn brought
about specific disturbance of the desired equilibribetween natural environment and human needs
(Guzik 1995; Twardy 1993).

Today, many of such areas undergo a characteststictural and spatial reform aiming at restoriagib
functions implemented by the principles of susthiealevelopment. This evolution is accompanied by
the combination of moderately intensive economitivilg with environmental protection, mainly
pertaining to water and soil habitats. In gendhas, process occurs differently in lowland aread iarthe
south country uplands.

Independently from the physico-geographic regignasslands played an important role in the formatio
of new structural, spatial and productive condgiofnheir importance was recognized, regardlestef t
way and intensity of their management, and posjraperties were observed even if the sward was not
used at all. Under conditions of sustainable deraknt and implementation of environmental friendly
economy, the same attention is paid to biomassugtmh and to stabilisation and protection of soil
profile.

Spatial transformation in Poland

Significant changes in the land use structure folake in the last decade of the 20th century dua to
deep social and economic transformation. The clmtaggely concerned agricultural lands whose area
markedly decreased. The reduction of 2.8 millionohdhe total Polish agricultural lands in the stud
period (1974-2008) corresponds to a mean annuaéase of 82'000 ha, with a peak of 120’000 Ha y
after the 1990'. At the same time the share of rothed use forms (residential areas, transportsarea
wasteland etc.) gradually increased. Between 19it42908, the forest area increased from 27.4% to
29.6% in the country (Poland) and that of oth@ugds including barren lands from 11.0% to 18.7%. A
large part of agricultural lands has been built emalsequently moved to the category “other grounds”
The population density of the country graduallyré@ased, but structural changes were more respensibl
for the decrease of agricultural area than popmragjrowth. There was 0.92 ha of the country areh an
0.58 ha of agricultural lands per 1 Polish citizerL974. In 2008 the respective figures were 0.82 a
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0.48.In the case of agricultural lands, the soeckiper capita feeding area” is slightly smalled @guals
0.43 ha (Rolnictwo..., 2005). The recent reductiontho$ ratio has been moderated by zero or even
negative population growth rate. Moreover, someomsistencies in given surface areas result from
migrations of Polish citizens over Europe. Therefoone may only approximately assume that the
changes have been insignificant with respect td bgticultural lands and total surface area sihee t
1990'.

Despite a substantial general reduction, propcstlmetween different types of agriculture lands lieeth
nearly the same. Since the 1970’ and even eather structure of agricultural lands was static with
respect to all forms of agricultural land use ie #tountry. Arable lands dominated in this structure
occupying 74.9-77.4% of lands, followed by mead@®@5-15.2%, pastures 4.5-8.5% and orchards 1.4—
2.0%. Large areas of barren lands exceeding 500i@dtave recently been noted.

Structural transformation of the Carpathian areas

Mountain areas occupy c. 27’000 kim Poland i.e. more than 8.7% of the country afeey are
composed of three separate ranges: the CarpathfensSudetes and the Holy Cross Mountains. The
Carpathians are largest and form a 300 km long6ind 70 km wide belt along the southern border of
our country. Polish Carpathians cover a surfacEd®@00 km2 (Jagta et al., 1981). Their height iases
southward from the lowest Carpathian Uplands thnaibhg Beskidy and Bieszczady of medium height to
alpine range of the Podhale and Tatras. A charatitefeature of these areas, particularly thoseigtter
elevation, is a large share of permanent, bothsgrasd forest, plant cover. Permanent grasslamdthar
main food base for ruminants, mainly cattle andepHecally bred.

The Carpathians were formed by various geologiaeldirs decisive for their structure, orography and
relief and by natural, including climatic, factorEheir economic use, however, clearly depends en th
altitude a.s.l. Climatic and soil characteristitmmge with altitude which has a direct effect obitaa
conditions. Combined, these factors determine tég a¥ land use for agricultural and forestry pugms
Other climatic factors like solar insolation, clauess, evaporation, wind speed, duration and tles&rof
snow cover change respectively. Under such comditiplant cover displays a bioclimatic zonation
(Obrebska-Starklowa et al., 1995) and soil quality deiees the possibility of growing crops.

Described relationships manifest themselves in ggadéime changes of plant biomass produced in amgiv
habitat conditions and in qualitative changes adased mainly with floristic diversity. Climatic
conditions translate also to the length of the tetiggn period which shortens by 8 to 10 days pengv
100 m of the altitude a.s.l. (Kostuch, 1976).

Grasslands are less affected by the variabilitgaddfitat factors than other crop plants. Moreoveasses
form a permanent sward layer and thus provide ptiote and stabilisation of the soil profile everhagh
inclinations of mountain slopes. The use of gramidaand forest ecosystems for structural and habita
stabilisation of a given area is of primary impada for spatial management. Human activity decides
upon the place, way and intensity of land use.dy protect the territory against degrading exptimta

or, on the contrary, may excessively and wastefaiyloit it.

System transformation combining market agricult@@dnomy and more friendly approach to highlands
was followed by immense structural changes in thep@thian areas (&docki 2006; Twardy 2009).
Their range in the years 1988—-2004 is presentéabinl. Arable lands markedly decrease their shihe
increasing altitude a.s.l. in favour of grasslar@se should, however, keep in mind that barren r@oin
lands include large areas covered with sward censttl as extensively used pastures. With such
correction, the total share of grasslands abovenT@treases to 80-85%.

Of course, grasslands, understood here as areampently overgrown by grass vegetation, may also
play non-productive functions. Variability of thejrelding in analysed years and in relation tat@dte is
presented in fig. 1. Results are comparatively sarised from earlier studies carried out in the dbed
period of time (Twardy 1993; 2006; 2008; 2009). yinere recalculated for hay irrespective of the way
of grassland utilisation and yield variability wiatated to the yield obtained at the foot of thep@thians
(altitude 250-300 m a.s.l.).
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Table 1. Changes in the structure of agricultiaadb of the Carpathian areas (in%)
Percentage share of area

Altitude ma.s.l.  Arable lands Grasslands Other (including balzeds)
1988-1991 2002-2004 1988-1991 2002-2004 1988-1991 002-2004

300-500 68.6 47.4 185 30.2 12.9 22.4
500-700 52.3 30.3 30.6 50.2 17.1 19.5
700-900 48.5 16.3 38.6 65.4 12.9 18.3
900-1100 22.7 5.6 55.7 68.7 21.6 25.7

> 1100 - - 43.0 44.6 57.0 55.4

Total 62.3 37.4 23.1 40.1 14.6 22.5

Fig. 1. Variability of grassland
yielding in relation to altitude a.s.l.
(percentage of the potential hay yield);
1, 3, 4 - permanent grasslands; 2 -
cultivated grass varieties

Presented curves of the variability in biomass petidn demonstrate that the highest yields (1) were
obtained in the period when the main focus was dmrieaing maximum productive effects (till the
beginning of the 1990’). In those days mean haldyebtained at the foot of the Carpathians wad-6

! and that at an elevation of 400-500 m a.s.l. was digher — 7.0-ha’. Similar yields were noted in
leys sown with varieties (2). At higher elevatioheyever, these crops suffered 10-15% losses ceahpar
with the yields obtained from permanent grasslamtie. losses were usually caused by neglecting agro-
technical regimes and mainly by insufficient fesation and delayed mowing and harvesting. In
subsequent years (1998-2003) the vyielding of peemiamgrasslands in the Polish Carpathians was
markedly lower (3) both at the lowest elevationd {ha-1) and at all higher altitudes. The reason was i
definitely smaller interest of farmers in foddepguction due to parallel reduction of livestock,imha
ruminants (Ggbocki 2006). Fodder quality also decreased. THisagon persisted until now and is
illustrated by curve (4) which refers to the ye2087-2008.

The reduction of yielding in the years 1988-2008cWhaffected all zones of Carpathian agricultural
lands between 300 and 1100 m a.s.l. resulted fromdugl limitation or complete abandonment of
grassland management. This in turn was an effegienkral economic situation with respect to plant
crops and animal production which discouraged fasrhegghlanders from developing agricultural
production.

Trend analysis suggests that structural changegrifultural lands and forests with respect to atien
a.s.l. can be described with mathematical formutaesidering the status recorded in the first hathe

first decade of the 2lcentry (Twardy 2009). Observations showed thattinges of land use structure
were less dynamic later on. Therefore, one mayladeof favourable spatial and structural staltilssa

In general, it consists in substantial increasswdrd and forest cover with elevation a.s.l. ancharked
decrease of the share of arable lands which inruipees are usually present as small vegetablegsrd

Non-productive importance of Carpathian grasslands

Agricultural management in the Carpathian areaffisult and unreasonable from the economic point
view. At the same time, there is a strong sociahated for low-cost agricultural activity which is
associated not only with the protection of soil agglatic habitats but also with the protection lahfs
and animals biodiversity. There is also need fotgmting soils, surface and ground waters and thalev
habitats as an unique landscape.
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Universal, broadly understood protective functians attributed to grasslands which successfullyepto
poor mountain soils from water and wind erosione Both processes intensify with elevation and slope
inclination. They are also stimulated by exposuraifly westward) and arable crops (crop erosion)
particularly if performed improperly with respeotslope lines (Jucherski, 2008).

Plant cover, especially that forming dense swardy targely mitigate the negative effects of natural
factors like rainfall and wind power. Hence, thagglands should dominate in addition to foresthién
Carpathian areas - meadows in the lower sites asidifes at higher elevations.

Grasslands play also an aesthetic function in thenmtains. They make the landscape more attrachigie a
improve local colour, especially when grazed byédaherds of farm animals. There are also various
cultural aspects transferred almost unchanged it iasthe case with common pasturage of mountain
sheep — from Mediaeval ages to the present dayis. i$hundoubtedly a unique phenomenon in the
European scale. The Polish Carpathians are a refubmdiversity for plants and animals and for non
living natural values, for spatial systems of agjtiere and forestry and for cultural landscapes.
Therefore, the mountains are considered as a 8pecda of unique environmental properties. These
natural values were highly estimated in frimmework Convention of the protection and sustai@a
development of the Carpathians

Conclusions

Recent structural changes taking place in the @sigpaareas were deeper than in other regionseof th
country. Agricultural and spatial restructuring tifese areas is favourable and corresponds with
sustainable and multi-functional development ofik@reas. The efficiency of agricultural production

the mountains is an output of many natural and @odn factors. Therefore, the optimum and target
solution is a low-cost way of utilisation of meadoand pastures there. Described areas are the sprin
grounds for many Carpathian rivers. The qualityhafir waters may be protected by the elimination of
arable grounds in river valleys and their replacetr®y twice or thrice mown meadows. Now, it is
indispensable to optimise the relationships betwaggrcultural and forest areas and the groundsrunde
rural settlements and technical infrastructure len durther directions of their development witte th
consideration of their sustainable and permanemnt us
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Abstract

The paper presents an assessment of the natunakvafl grassland communities situated in the region
the Middle Sudetes. The study was carried outénymars 2009-2010 on utilised meadows and pastures.
207 relevés were made with the Braun-Blanquet noeith@ way to estimate phytosociological affiliatio
of grassland communities, species richness andximdefloristic diversity. Protected species were
recorded and their risk categories were estimated.

The studies showed that grassland communities getbrio the clas$lolinio-Arrenatheretea Five
phytosociological units in the rank of association community with the dominating species were
distinguished within this clasgirrhenatheretum elatiorisshe communityPoa pratensis-Festuca ruhra
the community withAgrostis capillaris, mountain hay meadowsTiisetetum flavescenjisrom the
alliancePolygono-Trisetiorand the community witlopecurus pratensistThe communities represented
a broad spectrum of habitat conditions from comiiemicharacteristic for poor and acidic habitats
through typical forms to communities of very richhbitats. They were characterised by relatively high
species richness (from 35 in the commuritya pratensis-Festuca rubreo 94 plant species in the
associationTrisetetum flavescenji@nd by medium values of floristic diversity indéxt’ = 2.3 in the
community with Agrostis capillaristo H' = 3.6 in the associatiofirisetetum flavescenjisin part of
analysed grasslands there were 10 strictly orypprtitected species. Six of them belonged to tleeisp
endangered in Lower Silesia. Moreover, communitiethe association&rrhenatheretum elatios, Poa
pratensis-Festuca rubrand Trisetum flavescenare identifiers of protected habitats. Obtainesults
indicate that the studied grassland communitieslaaeacterised by a high natural value.

Keywords: the Sudetegrasslands communities, natural value, rare anqbex plant species

Introduction

Natural values of mountain grasslands are hightymesed (Biataet al, 2002). The grasslands are
characterised by a high species richness and divensd often host rare plant species. They areemor
diverse than lowland grasslands (Trz&skb998). Moreover, they occupy large parts of mountain
landscape providing its mosaic character whichmipartant for both aesthetic and protective reasons
(Fatyga andNadolna, 2009). Meadows and pastures play an irmpbrole in the land use structure in the
Polish Sudetes. After the system transformatiome, uthe decline of profitability of animal prodigst
(Fatyga and Paszkiewicz-Jaska,2009), the region experienced unfavourable chamgése utilisation

of agricultural lands. Large grassland areas wbandoned, forested or ploughed (Nadolna, 2006). The
changes resulted in transformation of grass comimesniwhich led to the decrease of their naturdleva

or even to the disappearance of many valuable Igradss (Nadolnaet al, 2008; Endangered vascular
plants..., 2003). Recent support in a form of disadtsidies, LFA and agro-environmental programmes
has slowed down unfavourable processes, improvediespcomposition and grassland diversity but still
in insufficient extent (Fatygat al, 2009). That is why recognizing natural valuegasslands and the
ways of their protection is so important.

The aim of this study was to assess the naturalevaf selected meadow and pasture communities
situated in the Middle Sudetes.

Material and methods

According to the physico-geographic division by idoacki (2000) the study area is located in the Néidd
Sudetes region and encompasses three meso-reiffierowie, Kamienne and Waltbrzyskie Mts. Natural
value was assessed based on the results fronmsfigdies carried out in 2009-2010 on utilised meadow
and pastures. During this period of time 270 phytasiogical relevés, 25 freach were made with the
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Braun-Blanquet method, in the 15 grassland compleXeollected material served for estimating
phytosociological affiliation of grassland commimst based on the quantitative proportion of species
Syntaxonomic groups and their characteristic sgeci®re adopted after Matuszkiewicz (2001).
Moreover, species richness and the Shannon-Wienersdy indexH’ (Kryszak,2001)were calculated.
Strictly and partly protected species were recorded their risk category estimated aftegcki
(Endangered vascular plants..., 2003). Moreover, conities — identifiers of protected habitats and
other forms of nature protection were also indidaite the study area. Names of communities were
adopted after Matuszkiewicz (2001) and botanicaheaclature — after Mirekt al. (2002).

Results and discussion

Five phytosociological units in the rank of asstioraor community with the dominating species were
distinguished upon the analysis of grassland contrean(Table 1). The associatigkrrhenatheretum
elatioris was found in most (i.e. in 6 sites) and the comitguRoa pratensis-Festuca rubria only 2
sites. Other communities were recorded in 3 siteh eMost phytosociological relevés were made on
grasslands of théarrhenatheretum elatiori@ssociation (78) and on the mountain hay meadd&IG7
two of analysed units showed relatively strong sfarmation of communities manifested by a lack of
species characteristic for alliances or association

Table 1. Five phytosociological units identifiedtire study area

Class Molinio-Arrenatheretea
Order Arrhenateratalia Order Molinietalia

1. Association Arrhenatheretum elatioris 5. Community with Alopecurus pratensis
2. Community Poa pratenis-Festuca rubra

3. Community with Agrostis capillaris

4. Mountain hay meadow3 ijsetetum flavescenjis

A great species diversity was noted within #ssociationArrhenatheretum elatioris. Species typical for
rich habitats were represented Ayrhenaterum elatiud.. P. Beauv. ex J. Presl C. Presl,Dactylis
glomeratal., Phleum pratense., or Festuca pratensisluds. These grasses have a high economic value.
Species indicating habitat acidificatioAgrostis capillarisL., Hypericum maculatun€rantz.) were also
represented in this community.

Low grasse$oa pratensid.., Festuca rubral. s. str.,Agrostis capillarisL. andCynosurus cristatus.
andHolcus mollisL. dominated in the species composition of cbenmunities Poa pratensis-Festuca
rubra and of thecommunity with Agrostis capillaris. Apart from the mentioned species numerously
represented werénthoxantum odoraturh., Campanula patuld.. s. str.,Tragopogon pratensik. Both
communities occupied relatively poor habitats cbirased by species of the cladardetalia (and for
lower units):Polygala vulgarisL., Hypericum maculatunCrantz and.uzula campestrit. DC. Besides,
there were many species preferring sunny sitego(ium campestreSchreb.,Thymus pulegioides.,
Campanula persicifolid.. andCarlina acaulisL.) in the community witbAgrostis capillaris

The mountain hay meadows Trisetetum flavescentis) occupied richer habitats. Species structure was
dominated byTrisetum flavescend. P. Beauv. andAlchemilla monticolaOpiz. Differentiated
contribution of tall grasses showed that part esthgrasslands was used as meadows and othergsart —
pastures. Mown communities were composedDaftylis glomeratal. subsp. glomerataPhleum
pratensel., Festuca pratensisiuds. andAlopecurus pratensik. while grazed communities — ¢foa
pratensisL., Festuca rubralL. s. str.,Agrostis capillarisL., Anthoxantum odoratunh. The species
indicating locally high habitat moisture includeBeschampsia caespitos. P. Beauv, Trifolium
hybridumL. andVicia sepiumlL. — a species characteristic for warm and moistgim vegetation. In the
communities of mountain hay meadows, particulanlyhiose used as pastures, the species characteristi
for poorer and acidic habitats wedggrostis capillarisL., Hypericum maculatun€rantz and in drier and
insolated places Dianthus deltoides. andAnthoxantum odoraturh. The community withAlopecurus
pratensisgrew on most wet sites. Species characteristithiallianceCalthion (Cirsium rivulare(Jacq.)
All., Juncus conglomeratus emend. Leerdylyosotis palustrigL). L. emend. RchbS$cirpus sylvaticus
L.) and for the ordeMolinietalia (Deschampsia caespitosa P. Beauv, Lychnis flos-cucullL.) had a
great share in the species compositiilipendula ulmariaL. Maxim. of the alliancd-ilipendulion was
also abundanfestuca pratensisluds.,Poa pratensid.., Lathyrus pratensid. andPhleum pratense.,
among others, represented meadow species.
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Table 2. Species richness and the index o flordhtiersity

The number of The index of floristic diversity'

. . . species in . .

Phytosociological unit community In community

from to from to mean
1. Arrhenateretum elatioris 45 80 2.8 2.9 29
2. comm. Poa pratensis-Festuca rubra 35 56 2.8 3.23.0
3. comm. with Agrostis capillaris 52 90 2.3 2.9 2.6
4. Trisetetum flavescentis 56 94 29 3.6 3.2
5. comm. with Alopecurus pratensis 38 59 2.9 3.0 0 3.

As shown in table 2, the greatest number of speeiesnoted in phytosociological units 3 and 4, whsr
the least species were noted in unit 2. The inddlonstic diversity reached medium values frah =

2.3 toH’ = 3.6. The most diverse communities were the nanritay meadows and the poorest was the
community withAgrostis capillaris

The following strictly or partly protected specieere found in studied grassland®atanthera bifolia
(L.) Rich, Dactylorhiza majalis(Rchb.) P. F. Hunt & SummerhDactylorhiza maculata(L.) So0,
Gymnadenia conopsdé.) R. Br. andCarlina acaulisL., Trollius europaeud.. s. str.,Primula verisL.,

Iris sibirica L., Colchicum autumnald.., Lilium martagonL. The presence of protected species in
grasslands increases their natural value.

Species from the list of endangered species ofasflora in Lower Silesia of various risk cateigsr
(endangered and rare) were noted in grassland caitiesu From among vulnerable species were
Trollius europaeud.. s. str.,Gymnadenia conopsda R. Br. andDactylorhiza maculatd.. So6. Near
threatened species includé&hctylorhiza majalis(Rchb.) P. F. Hunt & Summerh. aririophorum
vaginatumL. Species of least concern includéblchicum autumnalis. andPlatanthera biforia(L.)
Rich.

Grassland communities were also analysed in viewatfable habitats within the scope of European
interest. Among studied communities the identifiesé valuable habitats were the association
Arrhenatheretum elatioriand the communityPoa pratensis-Festuca rubrfor lowland habitats and
extensively used mountain meadows and mountaimteadows Trisetetum flavescenjigor the habitats

of mountain meadows of the allianBelygono-TrisetionLocation of the studied grassland communities
within the borders of protected areas (of the Laage Park of the Walbrzyskie Sudetes, the Natura
2000 area of the Kamienne Mountains, the Bat Resef the Sowie Mountains ) has an additional
natural value.

Obtained results showed that communities of thelistl grasslands belonged to the claddslinio-
Arrhenathereteaand occupied a broad spectrum of habitat conditfoom rich and wet to poor and dry.
The communities are characterised by high natwalales evidenced by species richness and by diyersit
index. Similar results for grassland communitiesemebtained by H&ba et al. (2006) in the San river
valley and by Kucharski (1999) in Central Polandwer values of the described indices were obtained,
Kryszak (2001) in Wielkopolska andyszkowska and Paszkiewicz-Yesia (2010) on Ziotoryja
Foothills. Many such species were found in the istlidrasslands i.e. several species of orchids. The
importance of these species for natural values wraterlined by Wolaski and Tgba (2007). In these
authors’ opinion, protected species may surviwhéf whole communities and habitats are protected in
system of protected areas NATURA 2000, landscapespa other higher forms of nature protection.

Conclusions

Meadow and pasture communities are characteriseal logh natural value. Belonging to tM®linio-
Arrhenatheretealass, they represent broad spectrum of habitaditons from very poor and acidic to
rich and wet.

Their relatively high species richness ranged f85o 90 species and mean values of floristic diter
indexH’ between 2.3 and 3.6.

High natural values are confirmed by the preserid®@rotected species 6 of which varying in trek ri
category are listed in the red book of vasculantslaf Lower Silesia

Due to a tendency of replacing productive role rafsglands by non-productive functions, it is impott
to estimate their natural values and to implemept@priate protection programmes for mountain areas
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Abstract

The aim of this work was to evaluate the effecsiaf types of soil fertility management: no fertdis
(NF), lime inputs (Ca), mineral fertilisation combkid with liming (CaP (lime and phosphorous), CaPB
(lime, phosphorous and boron), manure (M), and mearime+mineral fertilisation (MCaPB), and two
types of pasture (unsown and sown) on DM yieldabigal composition and nutrients content of pasture
during two years of study. DM yield was signifidgnincreased when plots were fertilised with manure
(M and MCaPB), which also improved the proportiétegumes, mainly in the sown pasture.

Keywords: pasture, organic and mineral fertilisatigrasses, legumes

Introduction

The use of lime and fertilisers is one of the maxtensively used agronomic practices to increastupa
productivity and to improve its nutritive value (Miaiello and Berardo, 2007). Both, lime and
fertilisation introduce changes in the soil progst(pH, organic matter, available nutrients) tisually
cause changes of pasture composition in a shaddoef time. The aim of this experiment was to gtud
the effect of organic lime and manure fertilisati@mombined or not with mineral fertilisation on DM
yield, botanical composition and nutrients content.

Material and methods

The experiment was carried out in Vila Meéa, (NEtBgal; 860 m a.s.l.) on an acidic soil with aniatit
soil water pH around 4.5 (1:2.5). The experimendign was a hierarchical split-plot, where pasture
type was the main plot and the soil fertility masagnt treatments were the sub-plots. Two types of
pasture were studied: spontaneous vegetation (ur)sewd sown pasture (sown) with a mixture (kg ha
: Trifolium subterraneun(2.6), Trifolium vesiculosun(1.3); Trifolium michelianum(0.6), Trifolium
incarnatum(1.3), Ornithopus sativugl.3); Ornithopus compressu®.6); Trifolium resupinatuny(0.6),
Biserrula pelecinug(0.6)), Trifolium repens(0.6), Trifolium fragiferum (0.3), Lolium perenne(3.8),
Lolium multiflorum(2.5), Dactylis glomeratg0.4),Ph. Aquatica(0.6), andCichorium intybug0.6). Soil
fertility management treatments included: no fisedl (NF), lime inputs (Ca), mineral fertilisation
combined with liming (CaP (lime and phosphorous),(®aPB (lime, phosphorous and boron (B)),
manure (M), and manure+lime+mineral fertilisatidd@aPB). Manure and lime treatments implied
inputs of 30 and 1.5 Mg Harespectively. The inputs of phosphorougQg? rock phosphate 26%) and
boron (B; borax 15.2%) were of 100 and 1 kg'heespectively. Finally, a control treatment withou
inputs was established (NF). In spring 2005 and72@bree pasture samples were harvested inside
exclosure cages on an area of 0.Z5amithin each sub-plot. In spring 2006, no grazingsvedlowed in
order to favour natural reseeding in sown and unspastures. The species were hand separated to
determine botanical composition (grasses + othecigp (G+0t) and legumes (Leg)). The samples were
dried to constant weight (at 60 °C for 48 h) inasrdo determine dry matter content and pasture
production and to perform chemical analyses. Thtadnd P were determined after a microKjeldahl
digestion by colorimetry using TRAACS 800+ (Casétoal.,1990) andotal Ca, Na, K and Mg were
analysed with a VARIAN 220FS spectrophotometer gisitomic absorption (VARIAN, 1989). Results
were analysed by principal component analysis (Paged on a correlation matrix for the dependent
variables, followed by ANOVA(s) on the PCA scoresdaoriginal variables and mean separation
(Tukey’s HSD test).
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Results and Discussion

PCA was significant (P <0.000 — Bartlett's testsphericity) in the explanation of dependent vagabl
G+0t and Leg, DM yield and nutrients compositionpafstures (Figure 1). The first three PCA-axes
explained 73% of the variation and were signifibaimifluenced by pasture type and soil management
treatment (P<0.05 - ANOVAC(s) on the PCA scores)AR@as positively related to legumes percentage
(Leg), DM yield and N, Ca and Mg levels, and negdti to G+Ot percentage, and CaPB soil fertility
management treatments. PCA2 showed a positiveéarlatth K, P and Mg levels, and negative with
MCaPB treatment. Finally, PCA-3 was positively tethto Na pasture levels and lime inputs (Ca), and
negatively to M and MCaPB treatments and P pastueds.

1 .
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Mg
G+Ot A NF o o Unsown KO
a Unsown O Mg
G+0t
N
o AM ’Ca 0 0 A CaF‘ O
~ CaPB A Ca NF DM
< A Fa 2 n a N
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Figure 1. Loadings and scores of the first thred$@vhere:o: loadings of dependent variables (G+Ot:
percentage of grasses and other species; Leg:npageecof legumes; DM: DM yield; nutrients levels: N
P, Ca, Na, K, and Md): scores for pasture type (unsown and sowk); scores for soil fertility
management treatments (no fertiliser (NF), lime )(Cmanure (M), lime+phosphorous (CaP),
lime+phosphorous+boron (CaPB), and manure+lime-+rairfertiliser (MCaPB)).

DM vyield increased significantly during the secaomar (68% more in 2007 as compared to 2005) and on
sown plots (24%) compared to unsown plots (p<0.0Q1ls known that grasses respond strongly to
farmyard manure application and quickly invadesaarevith animal manure. However, when
manure+lime+mineral fertilisation (MCaPB) was apglwe observed a significant increase of DM vyield
and of the percentage of legumes (Figure 2). Theesasponse was observed in 2007 when lime (Ca) or
lime+phosphorous (CaP) were applied on sown pkrgu-Nogue (1996) found that lime inputs quickly
increases soil pH and soil nutrient availabiligyduring a higher proportion of legumes (Spiegejbeet

al. 2010) whose growth can be also enhanced by deitiRsation (Snyman, 2002).

¢ DM hal DM Yield

Unsown

Year 2005 Year 2007

Year 2005 Year 2007

Figure 2. DM yield (t DM hd), percentage of grasses + other species (G+Otjegiunes (Leg) in the
two years of study (2005 and 2007), on the two syplepasture (unsown and sown) and in the six soll
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fertility management treatments. Different lett@ndicate significant differences between soil feyti
management treatments in the same pasture typia #mgl same year (p<0.01).

The N, Mg and Ca content of the pasture tendecktbigher in the MCaPB treatment (Table 1). This
effect can be explained by the higher percentagegafmes, species that have higher concentratibns o
these nutrients than grasses (Thompson and Tr888).1The percentage of P increased significantly i
the treatments with manure (M and MCaPB) duringfitts¢ year. Zhacet al. (2009) found that farmyard
manure combined with mineré&rtiliser increases soil available P compared ioenal fertiliser alone.
Higher K content was obtained in Ca treatment caorthéo M, CaPB and MCaPB treatments. Finally,
the levels of Na tended to be higher in the Catrmeat of unsown pastur&he obtained percentages of
N, P, K, and Ca overcanmattle maintenance requirements; while those oainhMg were lower (NRC,
2000).

Table 1. Minerals contents for the two types oftpas (unsown and sown), and in the six soil feytili
managements in the two years of the study (2005 20@¥). Different letters indicate significant
differences between soil fertility management treatts in the same pasture type and in the same year
(p<0.01).

Unsown Sown
NF Ca M CaP CaPB MCaPB NF Ca M CaP CaPB MCaPB
% N 1.04 1.13 1.09 1.00 1.20 1.29 1.03 1.11 1.21 113 098 1.68
0 %P 0.12b 0.13b 0.27a 0.14b 0.14b  0.22a 024 020 025 019 020 0.23
Q %K 1.38 134 114 1.06 1.15 1.19 0.96 081 116 068 072 0091
8 % Na 0.03 0.05 0.01 0.02 0.02 0.01 0.02 0.02 0.00 0.04 0.03 40.0
> 9% Mg 0.17 0.09 0.14 0.12 0.12 0.15 0.08 0.07 011 0.05 013 0.17
% Ca 0.32 0.25 049 0.43 0.33 0.55 068 026 062 023 011 405
% N 0.86 0.87 128 1.06 1.03 1.20 1.33 162 1.19 159 1.07 1.09
5 %P 0.17 0.16 0.17 0.20 0.18 0.15 0.17 0.16 0.17 016 019 0.14
Q %K 0.93 0.95 1.00 1.09 1.15 0.65 1.08ab 1.56a 0.89b 1.18ab 0.82b 0.68b
g % Na 0.02 0.07 0.04 0.03 0.04 0.03 0.03 0.04 0.04 0.06 0.02 30.0
> 9% Mg 0.11 0.14 0.09 0.18 0.13 0.14 0.16 0.16 0.13 0.07 0.09 0.08
% Ca 0.27 044 0.80 0.66 0.52 0.49 066 067 039 045 028 7 0.6
Conclusions

Treatments with manure (M) or manure combined Vtte and mineral fertilisation (MCaPB) showed
the highest DM yields and legume percentage, mambiown pasture. Beyond the significant effect of
manure+lime+mineral fertilisation (MCaPB) on DM leand legume percentage, this treatment tended
to have also higher N, P, Ca and Mg pasture levels.
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Abstract

The change of management and the abandonment showede strong effects on the conservation of
grasslands and shrublands. The paper aims to assmesmpact of increasing levels of shrub and tree
encroachment on plant biodiversity, pastoral valoe yield ofBromus erectuslominated grasslands in a
study area characterised by extensive managemacatigas in the Monti Sibillini National Park (900-
1350 m a.s.l.; Central Apennines, Italy). Accordibgth to phytosociological and point-intercept
methods, vegetation surveys were performed dutimgnger 2007 and the results were used to calculate
agro-environmental and agronomic indicators. Thasgjands characterised by intermediate stage of
tree/shrub encroachment showed the lowest valuewtaf number of species and of the endemic
components. The decreasing pastoral values asstdiatvegetations characterised by higher index of
maturity and of endemic species with low foragaugakuggest to promote a more efficient management
of the grasslands. This could prevent undesireéte¢ign dynamics and, at the same time, could aitow
search for practices aiming to reduce the swatet it order to promote the increase of specidmass.

Keywords: biodiversity, pastoral value, DM yielthrgbs,Bromus erectygyrassland.

Introduction

Over the last decades, most of the territoriesanit@l Apennines were affected by strong changeiseof
historical conditions of settlement and manager(@i®ttavio et al, 2008). Changes of management and
abandonment showed to have strong effects on timseceation of grasslands and shrublands of
Community interest (Directive 92/43/EC, i.e. Hatit®210 and 5130) (Caballesd al, 2010). At the
same time, a reduction in herbage production anmtliritive value was found to be the result of &hru
encroachment in grasslands (Zaroetlal, 2007). The paper aims to assess the effectdfefefit levels

of shrub and tree encroachment on biodiversitytopalsvalue and yield oBromus erectuslominated
grasslands in a study area characterised by exéemsanagement, by applying indicators of agro-
ecosystem quality and productivity commonly usedefine the management of grazinglands.

Materials and methods

The research was carried out in 2007 in ‘Campolur@rmo province, 42°58'N, 13°17'E) on
grasslands of about 800 ha (900-1350 m a.s.l.)tddcan the Monti Sibillini National Park (Central
Apennines, ltaly). The study area is characterised prevalent E-NE exposure and calcareous bedrock
The mean annual temperature is 11°C and the prawgn is 1238 mm with two peaks in November-
December and at the beginning of spring and a numinduring July and August. Grasslands of
Campolungo were continuously stocked by 950 sheam imiddle June to end October 2007 with a
stocking rate of 0.18 Standard Livestock Units ($lbd" during about 120 grazing days. The pastures
belong to the associatioiisperulo purpureae-Brometum ere&iondi & Ballelli ex Biondi, Ballelli,
Allegrezza & Zuccarello 1995, withBrachypodium genuenseBromus erectusand Festuca
circummediterraneas dominanspecies.

Within the studied grasslands, 5 sample areas ciesised by homogeneous environmental conditions
and differentiated by increasing cover of trees simdibs (L1: 0-5%, L2: 40% and L3: 75% with 3, Han

1 sample areas, respectively) were identified. Filoenbeginning to the middle of June 2007, the dwar
specific contribution in each sample areas wasradted by the point-intercept method (Daget and
Poissonet, 1971) along two 25 m-transects wheqgob@is were distributed at 50 cm intervals. Morepve

a phytosociological survey according to Braun-Blastg(1932) was performed in each sample areas on
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surface of 100 fy in order to acquire data concerning presence caner values of all the present
species.

The vegetation data obtained by applying the poitetrcept method were used to calculate the fotgwi
indicators to assess the environmental qualitygnb-®cosystems according to Taffetani and Rismondo
(2009): Index of Maturity (IM: 0-9) measuring thetaal stage of maturity of a vegetal community in
relation to the presence and abundance of theespdaidex of Floristic Biodiversity (IFB) as thetdb
number of the identified species in each vegetasiorvey; Index (% total species abundance) of the
therophytic (IT), hemicryptophytic (IH) and pereahnon-hemicryptophytic (IF) components tacking
into account the abundance of the therophytic, bemiophytic and non-hemicryptophytic species,
respectively; Index (% total species abundance)}hef endemic (IL) and exotic (IE) components
providing information on presence and abundan@ndémic and exotic flora.

The vegetation data were used to calculate theRastalue (PV: 0-100) of the grasslands according
Daget and Poissonet (1971), D’Ottaeibal. (2009) and by using the Specific Indexes (Sl) regzbby
Roggeroet al. (2002). PV was corrected by considering the rednctlue to the shrub/tree and the
herbage vegetation cover (CPV) and calculated famlyhe herbage vegetation (H CPV) by considering
the reduction due to the herbage vegetation cover.

Within each sample area, on five 0.25-sub-areas (0.50 x 0.50 m) characterised by honsugen
environmental conditions, dry matter (DM) yield aftal above-ground biomass was determined.
Biomass was divided into green (Green DM) and smmdslead tissues (Dead DM). Moreover, within
each sub-area, five 0.0625-8ub-sub-areas (0.25 x 0.25 m) were used to agsesiy matter yield of
the litter (Litter DM). Data were analysed by ANOMJ#*ocedure using SAS (1985). Means comparison
was performed by the protected Fisher's LSD teshorg all variables the Pearson's correlation
coefficients were calculated.

Results and discussion

According to Taffetani and Rismondo (2009), thesglands showed a mean IM of 5.05, but not
significant differences among the increasing lew#lgree/shrub cover were found (Tab. 1). This is
because significant changes in species compositgite mature grasslands can affect the IM only ave
longer period. In this case the mean value of khelénoted a good conservation status of the cosnose
with a dominant presence of herbaceous vegetatiothe classFestuco-BrometeaMoreover, the
vegetation data assessed by applying the pointepé method and used to calculate IM did not
adequately took into account the increasing presand abundance of tree and shrub species ofdhe ar
L2 and L3. This was the main reason why L3 grasktid not showed higher IM.

Significant differences were observed in termsatélthnumber of species (IFB) among the grasslands
with different levels of tree/shrub encroachmerit.dnd L3 showed an higher IFB than L2. The higher
IFB observed in L3 grassland seem to be in contwést the most relevant literature (Mazzolestial,
2004), but according to Dorrowgg al. (2004) optimal conditions for biodiversity aredll¢ to occur when
biomass and heterogeneity are high.

The different tree and shrubs cover did not sigaifily influence the abundance of therophytic (IT),
hemicryptophytic (IH) and perennial non-hemicryptgiic (IF) species. The indices showed anyway a
small increase in perennial non-hemicryptophyti§) @pecies in L2 and L3, with a consequent decrease
of the abundance of hemicryptophytic (IH) specidsese changes are the result of the dynamic ewaluti
of vegetation communities under abandonment camditiOn the contrary, the three types of grasslands
showed significant differences in terms of presesmo@é abundance of endemic (IL) and exotic (IE)dlor
For the endemic species, L1 (aboveGdirex macrolepisAvenula praetutianand Phleum ambiguujm
and L3 (above alC. macrolepisand Sesleria nitida had higher values than L2. Concerning the exotic
species (above alnobrychis viciifolig, higher values were recorded for the grasslantts the higher
levels of encroachment (L2 and L3).

As expected, the CPV showed the lowest valuesdriLghgrasslands due to the reduction determined by
the its high shrub/tree cover. On the contrarydifierences were recorded in terms of H CPV amdeg t
grasslands with different levels of tree/shrub eachment.

With regards to above-ground biomass DM fractiamdy for Green DM were observed significant
differences among the grasslands with increasimgjdeof tree/shrub cover. Higher values were resdrd

in the L3 grassland compared to L1 and L2.

The litter DM vyield showed high mean values as tomsequence of the understocking conditions
(Bonanomiet al, 2006 and 2009), irrespectively of the tree/slaoner.
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Table 1. Agro-environmental and agronomic indicataf the grasslands with different levels of
tree/shrub cover.

Tree/shrub cover L1 L2 L3 Mean
IM 5.06 5.01 5.06 5.05
IFB 19.83° 16.00° 22.50° 19.6

IT (%) 0.24 0.00 0.33 0.21
IH (%) 93.20 93.19 92.53 93.06
IF (%) 6.56 6.81 7.13 6.73
IL (%) 11.61° 1.24° 13.64° 9.9

IE (%) 1.08" 3.33%* 4.05° 2.1
CPV 22.97 17.64* 7.26" 18.7

H CPV 23.67 29.41 29.05 25.89
Green DM (thd)  3.14° 2.54" 3.73° 3.14
Dead DM (t hd) 1.99 2.04 1.76 1.95
Total DM (tha)  5.13 4.58 5.49 5.09
Liter DM (tha')  3.19 3.12 3.94 3.33

Within rows, means with different letters diffegsificantly at the 0.05 level.

The relationships among the indicators of agro+emvhental quality and those commonly used to define
management of grazinglands, highlighted a significeegative correlation between H CPV and both IM
and IL (Tab. 2). The first correlation suggest tHaCPV decreased with the increasing abundance of
species of low forage value (above@limacrolepisandS. nitidg recorded in the L1 and L3 grasslands.
The second correlation seems strictly connectetthégorevious result. Among the endemic species, in
fact, the high presence and abundance of speciegllodr scarce forage value (above @lImacrolepiy
contributed to the reduction H CPV.

On the other hand, high values of Litter DM wemgn#icantly associated to a low presence of endemic
species. This was particularly observedAompraetutianaandC. macrolepissuggesting that litter could
be a limiting factor for their establishment andwth, although at least f&k. praetutianalitter removal

did not produce any increase in species cover afjgars-application treatment (Bonananal., 2009).
The negative correlation between H CPV and IL, axyd by the scarce forage value of the endemic
species, seems to be in contradiction with the @boorrelation (Litter DM vs. IL) that could be
considered symptomatic of under-stocking conditidthewever, it is important to point out that, under
the low stocking rates of the study area, presuyntdd litter accumulation in the grasslands is glwva
high independently from their botanical compositzom therefore from the their pastoral value.

Table 2. Correlation coefficients (R) among agrekemmental and agronomic indicators.
IM IFB 1T (%) IH (%) IF (%) IL (%) IE (%)

CpPV -0.38 0.29 -0.22 0.25 -0.24 -045 -0.52

H CPV 0.79** 0.09 -0.25 0.16 -0.13 0.80** 0.58
GreenDM (thd) 0.66 0.10 -0.01 -0.39 0.41 0.00 -0.45

Dead DM (thd) 0.10 0.14 -0.25 -0.38 0.42 0.14 0.52
Total DM (tha) 0.79 0.04 -0.13 -0.62 0.66 0.06 -0.27

Litter DM (tha®) -0.53 0.03 0.28 -0.07 0.05 0.98** 0.04
Significant correlations: ** = p<0.01.

Conclusions

The grasslands characterised by intermediate stfagee/shrub encroachment showed the lowest values
of total number of species and of index of the emdecomponents compared to those with the lowest
and the highest cover. Considering the large didfusof these grasslands in the study area, their
management aiming to biodiversity conservation khdi¢ addressed to prevent undesired vegetation
dynamics.
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On the other hand, the increasing encroachmerirgé lareas dromus erectuslominated grasslands in
the study area, mostly to be associated to redstmtking rates and to the abandonment (D’Ottatio
al., 2008), is causing a strong decrease of grazinfgacas and of their pastoral value. The decreasing
pastoral values associated to vegetations chaiseddry higher index of maturity and of endemiccspe
with low forage value, suggest to promote a mofigieht management of these grasslands. This could
prevent undesired vegetation dynamics and, atdheedime, could allow to search for practices agmin
to reduce the sward litter in order to promoteititgease of species richness (Bonanetral, 2006 and
2009).
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Abstract

Soil erosion by water is an important issue becaarssion strongly degrades the environment. This
phenomenon occurs in the Carpathian areas, asddtised chiefly by inappropriate land use. Duifireg
last quarter of the century, in whole region, digant structural changes took place i.e. an irszes the
grassland area. Research was undertaken in the yeste2009/2010 in the Biata Woda catchment area
(10.91 knd), of the Carpathian Mt. The study area is charigzd by a low share of arable lands and a
high contribution of the permanent grasslandshis paper the mass of eroded materials (soil [pseas
determined by application of the universal soisesequation — USLE (Wischeier and Smith, 19783. Th
principal factors which were considered have anaichpn shaping the catchment area: geological
structure, terrain relief, soils, land use and etof@he main attention was focused on agricultaral use
(grasslands), hydrographics and the road netwarkieiimes the field roads become streams (gullies),
which create favourable conditions for linear evasé.g. for transporting eroded material duringguye
rainfall. Therefore, the structural-spatial changdsch now are taking place sometimes intensify the
erosion process.

Keywords: grasslands, land use, erosion, soil foegeation,

Introduction

The Carpathian mountain regions are characterizethiggh precipitation as well as by considerable
inclination of the hillsides (Dynowska and Macieghy 1991). In this regard, and with a combinatdn
other factors, the region is particularly threatkbhg the erosion process, mainly by water erosidhe
principal elements which contribute to erosion geplogical structure, the soils, precipitatioland use,
relief and land slopes. Agricultural land use elgugh cultivation methods, favour water erosioajmty
surface. In turn, a dense hydrographical netwoidk e road net, in the period of intensive raing, a
transformed into streams, which accelerate drair@Egthe eroded materials from the field surfaces
(Prochalet al.,2000). Soil erosion by water is also an imporgsanomical problem, because it strongly
degrades the environment. This phenomenon occuabout 60% of the Carpathian area, and is caused,
in considerable degree, by unsuitable land useddisas by the inappropriate distribution patternthod
arable lands. In the last quarter of the centigmificant structural changes took place i.e. aréase of
grasslands; hence they gather peculiar productnohpmotective value (Jagta, 1965,Twardy,1993). At
present, determination of the amount of soil loggass significance, because the management consliti
in the mountain areas are changing as well ashhee of forest-grassland cover has increased. ifhe a
of research was to determine the mass of soil $ossthe Biata Woda catchment area in the water yea
2009/2010 (November,*1- October 31 ). This year was characterised by a very high ipitation,
which was 55.7 % higher than the 50 year, long t@varage.

Material and methods

In order to define the water erosion process ieisessary to determine the quantity of surfaceffamal

the soil loss after each rainfall. Estimation loé tdisplaced soil within a catchment area can beéema
using the Universal Soil Loss Equation —USLE (Stand Hilborn 2000).

The method is based on an analogy between anabarbsion which occurs in a standard plot of
length 22.1 m, which is located on a slope i gradient of 9 %, to the amount of soil lossrfrine
area under consideration (Banasik and Gorski. 1B@aringet al.1989). For a purpose of soil erosion
analysis the model elaborated by Wischeier andts5(mi78) was applied. It shows average soil losses,
whereas applied parameters in universal soil lgsg@on are mean values for separated catchmedts an
areas. The USL equation has the following form:
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A=RKLSCP Q)
where:

A —represents the potential long term average arsuiidbss in tons - ki year.

The respective elements (coefficients) in the alempueation are described below:

R —mean annual erosive factor of rainfall and rurfefpressed in Jgear™; Je=soil erosive unit)

K — susceptibility of the soil to erosion, whichpdeds on granulometry (the size distribution in a
collection of grains). The value of K coefficiezdan be estimated from appropriate diagram modbied
Schwertman (quoted by Banasik and Gorski, 1991)

L — characterizes the features of hillside slopé @& is the ratio of eroded soil from the plot of
considered length to the amount of eroded soil ftbenstandard plot, when the remaining conditions,
which have the impact on an intensity of this pescare identical. .

S — is characteristic of the hillside slope, beihg ratio of eroded soil from the plot at givendieat to

the amount of soil loss from standard plot withepteess of 9 % , when remaining conditions which
influence the intensity of the process are idehtica

C - is the crop/vegetation and management factes.used to determine the relative effectivenessodf
and crop management systems in terms of prevestilhipsses

P — is the support practice factor. It reflects d¢fiects of practices that will reduce the amount eate of

the water runoff and thus reduce the amount ofi@mno3 he P factor represents the ratio of soil logs
support practice to that of straight-row farming apd down the slope. The most commonly used
supporting cropland practices are cross slopevatiltin, contour farming and strip-cropping.

In order to estimate the mass of eroded soil frioenunit area, USLE programme was used. Depending
on the amounts of soil losses from the unit arka-degree of soil erosion, can be determined based
the Zachar’s (1982) classification.

Results and discussion

The analysis and calculations made by applying theversal Soil Loss Equation, by using the USLE
programme (Wischeier and Smith,1978) allowed fstingation of the eroded soil from the unit area of
the Biala Woda catchment. It has a large shareeah@nent grasslands and forest and some spatial
elements which were used in calculations are shinwable 1 (below) :

Table 1. Soil losses against a background oBthi Woda catchment characteristics

Area [knf] 10.91
Average gradient of the catchment [%)] 4.43
Density of stream network [kikm’] 3.15
Length of the stream [km] 7.93

Precipitation totals - the water year

1,602
(Nov-Oct)- 2009/2010 [mm]
50- year average annual precipitation [mm] 886
Soil losses [kdgha™ year’] 874

The results of studies according to Zachar's ()l98@ssification, categorised the terrain under
consideration to the second (ll) degree, descrdme@d weak. The studies confirmed that the land use
method had the principal impact on occurrence hadritensity of water erosion. Research at Szymbark
(the Beskid Mts) proved that annual soil loss frhilfside field amounted to respectively: potatoes
cultivation, 74, 241 k@pa™ , cereals fields 108 Keg*, grasslands 51 Kug, and from forest only 0.2
kg-ha® [Starkelet al,1978]. And similar studies in the Sudety Mts, skdvihat permanent grasslands
were susceptible to the erosion process in thedbdegree. (Fatyga, 1978).
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However, the results obtained in the Biata Wodaloaent area in the analysed water year of 2009/2010
(table 1) showed that soil losses from the aredh me&rmanent grassland and forest were higher as
compared to the data quoted by the above authows.oDthe most probable reasons of this dispanity i
soil loss assessment from grasslands was the iginyahnual precipitation, which was about 56 % bigh
than the long term averages.

Conclusions

Studies showed that the Universal Soil Loss Eqoatias suitable for soil loss assessment of a catnhm
area with a large share of grassland and forested®eh based on the USLE procedures confirmed that
the land use pattern in the Carpathian area hagn#ficant impact on the occurrence and intensity o
water erosion. Forest-grassland land use methadsharbest soil conservation means against sdail los
under conditions of high precipitation and its camication in a short period of time.
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Abstract

This study aims at determining the main groups ejetation in the National Park of the Zaghouan
mountains (Northeastern Tunisia) and evaluate theiial biomass. We also studied thesaccodry
matter degradability at 48 h (D48) of leaves ammnst of the most dominant species in the park as an
index of their digestibility by ruminants. The sted area occupies 1881 ha. Species were distribated
12 groups with 3 to 11 species per group. Two sampkr group were collected during spring 2008
(between March and May) using the plot method. foi@ biomass of the park was estimated tade
6664 tons €a. 3.54 tons hd). The group ofQuercus ilexand Pistacia lentiscusvas the mosabundant
and occupied 804 hdhe second dominant group, present in over 5150Mas, that ofOlea europea,
Pistacia lentiscusand Ceratonia siliqua The most heterogeneous group, in terms of the wédiety of
species included was the most productive (5.93 hafisalthough it occupied only 5 ha. Whilst, the least
productive group (1.83 tons Rawas that ofCallycotum villosa, Prinus prostratand Crataegus
azarolus.

With respect to D48, studied species revealedge laariability. Leaves dD. europedollowed by those

of C. villosa(0.63 and 0.59, respectively); while stem&dta multiflorawere the least (0.25).

Keywords: Tunisia, shrubs, biomass saccodegradability.

Introduction

Rangelands in Tunisia represent one-third (5.5ignillhectares) of the total land area. They are
widespread mainly in the semi-arid and arid regiéims decades these rangelands have been considered
as a generous and non-exhaustive resource for aminfeeding. Nevertheless excessive browsing has
resulted in the degradation of the ecosystem. Miawglopment actions were undertaken in collabaratio
with different partners to establish a conservatmmlicy of the natural heritage. In the case of the
National Park of Zaghouan Mountains, a typical epienfior degenerated ecosystem, a preliminary study
was carried out by classifying the area in difféerglant communities (groups). Examples of the
ecological value of the Park include the commusita# Pistacea lentiscus, Phyllerea angustifolia,
Ceratonia siliqua and Ampleodesma mauritanicB®mass production and abundance of these species
are closely related to the conservation statub@Mediterranean vegetation. Determination of trade
biomass of bushes is a basic tool in the analylsithe carrying capacity of semi-arid Mediterranean
ecosystems and consequently to avoid the risls afdgeneration.

Our objective in this present study consists in ittentification of the different plant groups arttet
description of their distribution and abundancéhie National Park of Djbel Zaghouan. We also airied
gquantifying the forage biomass production and &trdaning thein saccodry matter degradation, of the
most abundant bushes.

Material and methods

All the plants were sampled in the protected arfeth@ Natural Park of Djebel Zaghouan (East central
Tunisia). The altitude is 1295 m. The average ahraiafall is 350 mm corresponding to a semi-arid
Mediterranean climate (Rivas-Martinez, 1987). TharkParea is 1881 ha, it is covered mainly by
Mediterranean forests and shrub lands. The salsalcite characterized by a fragile structure

A total of 21 tree and shrub species, the most @dmmnin the Park, were sampled twice during Spring
2008 (March and May), using the square plot (20@0r) method. Samples were distributed in 12
groups as illustrated in Table 1 according to fecsges dominance. In each group, a maximum of & plo
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were randomly placed, this gives a total of 43 pl@presenting the sampled area. In each plot
browsing biomass of trees and shrubs was harve$tad. browsing biomass is considered to be
annual productivity and defined as the plfraction that can be foraged by the animal. Itdeposed o
the current year’s stems, leaves, flowers and direds.

Estimation of the individual tree biomass (B, tokl/Ra) in the par is obtained using biomass estimat
for all plots and the peratage of the area occupied by each group (% Qovidhg the formul:

i=12
Biomass production/plot 10000 * 04 Gi
B= 2,
i=1 400

The fresh biomass was oven dried at 60°C for 4&Hyxing the dry forage matter (DM) which was t
weighed on an electronic balance with a precissorlliof 0.01 ¢

For the deternrmation of dry matter degradatio total of 9 speciewith distribution frequency (cover)
the studied area superior than 3% were submittethéodetermination of theiin saccodry matter
degradation at 48h (D48¥amples of leaves and young stems ' ground through a-mm sieve and two
replicate samples of each, weighing about 3 g, wkreed into nylon bags and incubated in the ruofe
fistulated heiferElapsed the incubation time (48 h), bags wereeetand rinsed gently with tap cc
water. Tken bags were oven dried (60° C, 48 h) and weigheathlculate degradability as the differel
between the initial (3 g) and the residual of iratidn. Heifer was fed on alfalfa hay (8 kg/d) ¢
concentrate (4 kg/d).

Results and discussion

As highlightedin Table 1, the most dominant tree and shrub sg in the park were distributed in :
different groups (G). The areas occupied by eachigwvaried widely between 2 ha (G11) and 80«
(G4). The majority of the groups were homogeneous farge extersince they contained no more tf
three different species (G1, G2, G3, G4, G5, G91)GDnly C6 seemed to be heterogeneous ¢
included 7 different species.

Literature references on biomass production andiemitcontent in ser-arid woodlands are srce
compared to tropical rain forests or temperatestsréLieth, 1975; Monteet al, 2002). However, i
these areas where the herbaceous layer is usymhges (Archibold, 1995), trees play an impor
ecological role. In the senaiid mountain ecostems, often characterised by a vegetation covdinge
(Gardner and Fisher, 1996; Barbeet al, 1990), trees represent the main compartmenteoétiosyster
from a biomass and nutrient content point of v

P. lentiscusfollowed by P. angustifolii, were the most predominated species in the studied aard
represent respectively 15.3 and 10.8% of the witalied species. In a few cases, some specieO.
europeaseemed to benore patchy and dispersed (dominance <1%) tharrothech asP. lentiscus
(dominance >15%), even though they had similar petdity. These results are confirmed by ot
studies (Montest al, 2002) in other ser-arid Mediterranean areas

Except forQ. ilex, O. europeandP. lentiscus individual species biomass productirevealed a wide
variation (0.6 - 898 kg.hd. This result is in agreement with findings of leglet al (1982) and Sosa and
Baez (1985) who attributed such variation to straedptionship existing between biomass
morphological measurements that pecific to each speciesiowever, Villalobos (2007) proved tr
morphological measurements, like height, are Ittderelated with biomass and variation betweenisp
is attributed mainly to differences among theiriidbal growth forms and to site source response.
Moreover, some species (tree or shrub) suM. vulgaris, C. azorolus and P. halepel were identified
in only one group, whilst others such P. lentiscus, P. angustifoliand C. siliqueé were dominant in
more than four groups (Tablg. IThe total biomass production of all the studieda was estimated
6664 t

The biomass recorded in the different groups rarfgeah 1.83 to 5.93 t DM.I"* (Table 1) and the
highest production was found in the most heterogesigroup (G6). This grotincludedthe tallest trees
(P. lentiscus, O. europea, E. multiflora, Q. coagifeC. siliqua and P. angustifoli) which appear to be
located in the densest vegetatarea, and consequently the most productive one t@det al, 2002).
Biomass produabin of either the total area or J. phoenicea, Q. ilex, T. articulataported in this stud
was widely different from that carried out in thiedature (Lieth, 1975; Haloui, 1992; Tsiourlis, 929 in

98



16" Meeting of the FAO-CIHEAM Mountain Pastures Network
Contribution of mountain pastures to agriculture and environment

similar ecosystems. This should be attributed patd micro-environmental differences in soll
permeability and soil composition.

Table 1. Surface (ha) and biomass production ofliffierent identified groups of vegetation

Gl G2 G3 G4 G5 G6
area  Biomass area Biomass area  Biomass area Biomass area Biomass area Biomass
(ha) t/ha (ha) t/ha (ha) t/ha (ha) t/ha (ha) t/ha (ha) t/ha
49 ha 2.15 30 1.83 125 2.58 804 3.15 33 5.07 5 5.93
Callycotum C. villosa, Ceratonia siliqua, Quercus ilex Ampleodesmos C. siliqua, P.
villosa, Pistacea P. prostrata Phyllerea P. lentiscus mauritanicus angustifolia,
lentiscus, Crataegus azarolus angustifolia P. lentiscus, P. lentiscus,
Prunus prostrata P. lentiscus Q. Suber Marrubium

vulgaris,Olea
europea, Erica

multiflora, Q.
coccifera
G7 G8 G9 G10 G1l1 G12
area Biomass area(ha) Biomass area Biomass area Biomass area Biomass area Biomass
(ha) t/ha t/ha (ha) t/ha (ha) t/ha (ha) t/ha (ha) t/ha
515 4.47 74 4.94 65 2.22 93 4.77 2 2.50 86 221
C. siliqua, E. multiflora, E. multiflora, P. angustifolia A. mauritanicus A. mauritanicus, C.
P. angustifolia, Pinus halepensis Rosmarinus A. mauritanicus P. lentiscus, villosa,
P. lentiscus, Tetraclinis articulata officinalis, R. officinalis, S. tenacissma C. siliqua, P.
O. europea Stipa tenacissma T. articulata S. tenacissma lentiscus

Tree and shrub cover (%) and individual biomasslypcton are illustrated in Table 2.

P. lentiscudollowed byP. angustifolia were the most dominant species in the studieal ane represent
respectively 15.3 and 10.8% of the total studiegcis (Table 2). In few cases, some speciesQike
suber seemed to be more patchy and dispersed (abundd¥é¢ than others such & lentiscus
(abundance >15%), even though they had similarymtbdty. These results are corroborated by other
studies (Montés et al., 2002) in other semi-ariddtMgranean areas where shrubs show great vatyabili
in size—biomass relationships. These authors stegyésat plant biomass production is affected oftli
water, temperature, nitrogen, and herbivore.

Q. ilexwas the most productive tree (898.3 kg/ha) folldweg O. europea(768 kg.hd) andP. lentiscus
(757.5 kg.ha); whilst Q. cocciferawas the least productive species (0.6 kg /ha).

With the exception o). ilex, O. europeandP. lentiscusindividual biomass production of the different
identified species in the studied area revealedtla variation (0.6-898 kg F (Table 2). This result is in
agreement with findings of Felker et al. (1982) &wda and Baez (1985) who attributed such variétion
strong relationship existing between biomass andphwogical measurements that should be
appropriated to each species.

Table 2. Tree and shrub cover (%) and individuairass production (kg/ha) in the studied area

Species A. C. villosa C. silqua C. Cr. azarolus | E. G. alypum
mauritanicus monspeliensis multiflora

Species cover (%)| 9.3 6.2 9.5 2.4 1.9 5.4 2.8

Biomass 144.3 14.4 4452 15 7.5 10.1 23

production (kg/ha)

Species M. vulgare L | O. europea P. angustifolia P. lentiscus P. halepensus P natast] Q. ilex

Species cover (%)| 1.2 5.3 10.8 15.3 2.3 3.8 4.5

Biomass 1.0 768.2 364.0 757.5 80.2 17.0 898.3

production (kg/ha)

Species Q. suber Rhammus R. officinalis S. tenacissma T. articulatal J. Q.

alatarnum ssp phoenicea | coccifera

Species cover (%)| 0.7 0.4 6.4 5.7 4.3 1.0 0.7

Biomass 62.8 2.5 25.8 17.4 74.0 6.5 0.6

production (kg/ha)

Leaves ofG. alypiumwere the most degradable at 48 h (79% DM), wh#ens ofR. officinalishad the
lowest D48 value (19% DM) (Table 3). For the sampecies, D48 was higher for leaves than stems. This
difference was more noticeable in the cas€ oflypiumwhich could contain high tannin levels.

Forage intake is reduced by low forage biomassrdoupto functional response relationships (Sp&ing
and Hobbs, 1992), or by low forage quality. Thexditile information available about the qualitydan
nutritive value of fodder trees in the nationalkPair Djebel Zaghouan. Researchers and scientists toa
depend upon farmers' traditional knowledge to gastueh information. The great diversity in D48 of
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species studied herein is attributed mainly todargriations in their nutriment contents (proteml zell
wall) and anti-nutritional factors such as tann{Asnmar et al, 2008, 2009). Leaves @. alypum
revealed the highest D48 (79 %) dRd officinalisthe lowest (19 %). Composition and structure ef th
cell wall may affect digestibility to a greater emt than the cell wall content (Ammar et al., 200¢}s
noteworthy that the most abundant shrubs in th& Bar the least digestible amite versa A relevant
factor in this oppositional ranking may be thesemce of anti-nutritional factors such as tannihsckv
can also affect cell wall digestibility to a varialextent.

Table 3.In saccoDM degradability at 48 h incubation (D48 h) ofyea and stems of the species.
C C. C 0. E G.

Species | A. . . . P .lentiscus| R.
mauritanicus | villosa | siligua | albidus | europea | multiflora | alypium officicnalis

Leaves 26 59 41 46 63 41 79 46 39

Stems 32 35 39 37 25 34 37 19

Negative effects of this secondary compound vai lant species, animal species, tannin levels and
possibly tannin structure (Ammaat al, 2009). This may explain the common practice @&dfeg a
combination of species, which may result in batigritive value than feeding a single species.
Conclusion

The National Park of Zaghouan Mountains includesigh diversity of shrub and plant species.
P.lentiscusand P. angustifoliawere the most dominant species, whie suber, Q. cocciferand R.
alatarnumwere patchy. Q. ilex followed by O. europea wdre inost productive species Q. coccifera
was the less productive one. For an accurate asalf/she carrying capacity of the park under ruanin
management, additional research could be perfororedhe nutritive value (chemical composition,
presence of anti-nutritional factors and dry matagestibility) and palatability to the animal dfiet
different shrubs and browses in different periofdthe year.
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Abstract

The purpose of this work is to show the influentéifierent fertilisation types on the occurrendetlee
French roseRosa gallical.) in a grassland. Its interrelation with diiet parameters such as botanical
composition, biodiversity and pastoral value wdse analysed. The vegetation data were collectadyus
the linear point-quadrate method. The studied peemiagrassland has a relatively constant contohuti
of the speciesR. gallica in the vegetation sward, which is dominated fgstuca valesiacaand
Filipendula vulgaris other species with important contributions bechillea millefolium, Plantago
lanceolataandR. gallica The contribution of French rose was independemh the level of fertilisation.

Keywords:Rosa gallical., grassland, fertilisation, vegetation, florisiomposition

Introduction

Rosa gallicaL. is a moderate thermophilic low growing (Dubrav&oet al, 2010) shrub species
commonly found in Europe, Asia Minor and North g&ifrom lowland to highland. In Romania it is
present in very different habitats as pastureshanyfields, cultivated land, shrubland, sunny slofa®st
edge and meadows (Parvu, 2000). In other countiefoland, French rose is a rare and endangered
species (Towpasz & Cwener, 2002).

Material and methods

The field experiments were carried out during 2@089 on permanent grassland fronadsnari (Cara-
Severin County, Romania). The analysed grasslaluhd® to the forest steppe type and the plots were
harvested biannually.

Nine fertilisation variants and one control (V1) reeapplied in three replicates. The fertilisatigpes
were the following: organic (20 t/ha manure — V@,ttha manure — V3, 60 t/ha manure — V4), mixed (20
t/ha manure + & — V5; 20 t/ha manure +sf+ Kgo — V6; 20 t/ha manure +l+ Py + Kgo — V7) and
chemical (Noo + Pso + Kgo — V8; Nisp + Psg + Ksg— V9; Niso + 100t Pso + Ko — V10). The vegetation data
were collected using the linear point quadrat mgtfde analysed vegetation parameters were: species
number, specific contribution (SC%), Shannon inft¢}, Simpson index (D) and pastoral value (VP) on
0-100 scale. ANOVA, linear regression and correlatvere used for statistical analyses.

Results and discussion

The studed grassland was dominated-bgtuca valesiacaOther species with important contribution in
the sward werdrilipendula vulgaris, Achillea millefolium, Plantaglanceolata, Briza media, Lotus
corniculatus, Lathyrus pratensis, Lathyrus nissaliad Hieracium pilosellaR. gallicashrub was present
on all experimental plots and persisted in the tagm cover although the biomass was harvestecketwi
ayear.

The results show that fertilisation rates didnftiance the contribution dRosa gallical. (Table 1); this
aspect being evidenced by &alue (0.999) greater than the significance I¢pel 0.01).

The influence of the years of biomass harvestinghmn specific contribution oR. gallica was also
analysed. The single factor ANOVA results are pnesek in Table 2. The repeated harvesting of the
biomass didn't have any effect on the SC¥Rofallicain grasslandg> 0.01).
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Table 1: ANOVA results for the contribution Bf gallicaat different fertilisation doses.

Source of Variation SS df MS F p-value F crit
Between fertilisation variants 1.301 9 0.145 0.107 0.999 2.785
Within fertilisation variants 67.644 50 1.353

Total 68.945 59

Table 2: ANOVA results for the contribution &. gallica for different number of years of biomass

harvesting.
Source of Variation SS df MS F p-value F crit
Between harvesting years 14.947 5 2.989 2.99 0.019 3.377
Within harvesting years 53.998 54 1.0
Total 68.945 59

Figure 1 illustrates the linear regression betwRemallicaand several vegetation parameters, such as
number, respectively specific contribution, of ges legumes and other species, H', D and VP. The
obtained values show the absence of any intemalaéixcept with the biodiversity indexes (H' and D)
and the number of other species that were expgessiveak relationship, which is possible to be
influenced by other factors too.

Figure 1: Relationship betwedosa gallical.. contribution in sward and vegetation paramefemnber
of grasses, legumes and other species numberjmditn of grasses, legumes and other speciesDH’,
and VP).

The floristic composition of the analysed swargbigsented in table 3. Variability of grasses SC% wa
very high with the lowest value in 2006 in V4 (1%Jland V3 (17.5%) and the highest in 2005 in V10
(82.9%). Chemical fertilisation exerted a greatdfeat on grasses than organic ones. Legumes were
absent in 2007 in V6 (0%) and the greatest cortidhuwas found in 2003 in V3 (61.2%) and V2
(60.0%). Organic fertilisation generally causedirarease of their contribution in the vegetatiowero
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Regarding the contribution of species from othenifi@s, the lowest value was determined in 2005 in
V10 (11.2%) and the greatest in 2006 in V8 (60.@%) in 2008 in V5 (59.6%).

Table 3: Evolution of the botanical composition depnding on fertilisation variants.

Species nhumber Specific contribution (%)
Grasses Legumes Other familieg Grasses Legumeg her families
2004-  2007- | 2004- 2007- | 2004- 2007- | 2004- 2007- | 2004- 2007- | 2004- 2007-
06 09 06 09 06 09 06 09 06 09 06 09
Vi 3.7 4.3 5.3 8.3 8.3 17.7 50.4 40.8 16.2 235 333 573
v2 3.7 4.0 5.0 8.0 8.3 16.3 41.9 42.4 28.5 26/2 296 143
V3 4.3 4.0 6.0 5.0 11.0 12.0 41.2 54.7 29.9 14{2 28.931.1
va 3.7 3.7 5.0 5.7 11.3 10.7 30.0 45.2 34.6 19(9 35.4 34.9
V5 4.7 3.3 3.3 5.0 10.7 9.3 54.2 37.4 16.8 18J5 29.0 045
V6 3.3 4.0 4.3 4.0 11.3 10.3 46.0 42.1 17.9 18|2 36.1 39.7
v 4.0 3.7 4.0 4.3 10.0 12.3 42.3 48.1 21.2 17|2 36.4 34.8
v8 5.0 4.0 5.0 5.3 11.7 13.0 46.7 48.1 21.0 151 32.4 36.8
Vo 5.7 4.7 2.7 3.3 9.7 14.7 53.6 55.4 14.3 6.9 321 .6 3]
V10O | 40 5.7 2.0 2.7 8.3 8.7 478 554 12.2 72 400 237
Conclusions

French rose is a shrub species that can beconabkepr by diminishing the useful surface in caséhef
absence of the grassland use. When the biomasaniested by cutting, it can maintain itself at a
relatively constant low contribution in the vegaiatcover independently from fertilisation level.i$
recommended to cut unconsumed plantR.afjallicaafter the end of a grazing cycle, in a way to prav
its encroachment.
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Abstract

Prunus spinosalL. is a shrub species that is leading the perntageassland to the shrub-land
successional phase. This species has a great eccermn western Romania and is difficult to control
because it has a great ability of vegetative spngaidom roots. The massive presence of this speanie
some grassland is due mainly to the abandonmentoatfig diminishing of the livestock. The vegetatio
was analysed with the linear point-quadrat metftds work has in view to analyse the influencehi$ t
species on some vegetation parameters as spatiasss, number of grasses, legumes and other specie
contribution of grasses, legumes and other spduiediversity indexes (Shannon — H' and Simpson)— D
and pastoral value (VP).

Keywords:Prunus spinosa., vegetation, grassland, floristic compositioarrelation.

Introduction

Prunus spinosd.. (blackthorn) belongs t@runusgenus from thdRosaceadamily. It grows wildly in
various regions (Marakoglet al, 2005) as Europe, Asia, North Africa and North Aice from lowland
to highland (1000 m) (Parvu, 2000). It has a goegdacity of vegetative spreading, invading the open
land areas forming dense and spiny brushwood (P26a0).

After Gardiner & Vaughan (2009) after two yearsmdnagement by hay cutting and shrBb gpinosa
andRubus fruticosysclearance, the floristic species richness dout#éuaub clearance also prevented
fruticosusandP. spinosdrom further smothering the grassland flora.

Temperate woodlands and meadows support a varfethoony shrubs (such as blackthoRmunus
spinosaL., Crataegusspp. andRosaspp.) that are light-demanding and occur mostiy@liforest edges
(Stortelderet al, 1999 cited by Bakkest al, 2004).

Another good method for the maintenance over tlaesyef a relatively constant coveragePofspinosa
in grassland without clearing the land is the grgzwith goats (Rahmann, 2004).

Material and methods

The researches presented in this work were castéduring 2003 — 2008 on two permanent grasslands,
one steppe type from Cheglevici and one forestpstéype from Surduc (TimiCounty, Romania). The
coverage index dP. spinosavas determined on a permanent quadrate transé®0cfquare meters. The
herbaceous vegetation data was determined usindirtear point-quadrat method. The vegetation
parameters analysed were: species richness, nuofbgrasses, legumes and other species number,
contribution of grasses, legumes and other spe8igannon index (H’), Simpson index (D) and pastoral
value (VP) on 0-100 scale. The statistical methseblus Pearson’s correlation coefficient.

Results and discussion

Grassland from Cheglevici is dominated®ynodon dactylomndBromus hordeaceusn the vegetation
sward have an important contributidihillea millefolium, Polygonum aviculare, Geraniymatenseand
Prunus spinosgTable 1). The species number was comprised betwdeand 30, respectively the
grasses number was between 3 and 4, legumes beMaeh4 and species from other botanical families
between 15 and 20. The contribution of the grasseslatively low being comprised between 17.65%
and 35.83%. The contribution of legumes was coragrizetween 0.82% and 6.95%, and the SC% of the
species from other botanical families has a highejébeing comprised between 62.49% and 75.59%. H’
values obtained were characteristic for an avetagkigh biodiversity (2.36 — 2.96), but the values
obtained for D were typical for high diversity (6.8 0.14). The high values of biodiversity are tuéhe
great number of annual weeds. The values calcufatedP were very low (14.58 — 18.93) highlighting
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that the species without or with low forager vahae the most important contribution in the grassla

sward.

Table 1. Synthesis of the taxa from the grasslémas Cheglevici and Surduc (2003 — 2008).

Cheglevici

Surduc

Grasses:
Cynodon dactylon , Bromus hordeacefgpecurus pratensis,
Lolium perenne, Poa pratensiBpa annua

Legumes:

Medicago lupulina, Lotus corniculatus, Lathyruseutsus,
Trifolium pratense, Ononis arvensis, Vicia angodf, Vicia
cracca, Vicia grandiflora

Juncaceae and Cyperaceae:
Carex praecox, Luzula avensis

Other species:

Achillea millefolium, Daucus carota, Geranium prase, Cirsium
undulatum, Cichorium intybus, Eryngium campestia]i€a
vulgaris, Polygonum aviculare, Dipsacus fullonurantium
italicum, Agrimonia eupatoria, Scabiosa ochroleue&ntago
lanceolata, Symphythum officinale, Pastinaca sativala
helenium, Verbascum phlomoides, Linaria vulgarisn@lvulus
arvensis, Capsella bursa pastoris, Carduus acanlii
Chenopodium album, Taraxacum officinale, Lamiunppteum,
Silene alba, Myosotis arvensis, Veronica hededfolidonis
estivalis

Shrubs:
Rosa canina, Prunus spinosa

Grasses:
Agrostis tenuis. Festuca rupicola, Holcus lanafesstuca pratensis,
Anthoxanthum odoratum

Legumes:
Lotus corniculatus, Medicago lupulina

Juncaceae and Cyperaceae:
none

Other species:

Erygeron anuus, Mentha arvensis, Bellis perennigradium
pilosella, Thymus serpyllum, Gallium verum, Euplieodyparissias
Erygeron canadensis, Daucus carota, Plantago latatap
Hypericum maculatum, Rumex acetosella, Pimpinel@m¥iola
odorata, Potentilla argentea, Ranunculus acris, &opum
cannabinum, Rudbeckia laciniata, Cirsium arvenssoXica
chamaedrys, Pimpinela major, Carpesium cernuuegntodon
autumnalis, Carthamus lanatus

Shrubs:
Prunus spinosa, Rosa canina, Rubus caesius, Crasamgnogyna

Grassland from Surduc is dominated Agrostis tenuisand Festuca rupicolathere being present in an
important amountHolcus lanatus, Plantago lanceolatand Daucus carota(Table 1) The species

richness was comprised between 21 and 25, respBctive grasses number was between 3 and 5,

legumes between 1 and 2 and species from othenibatdamilies between 15 and 21. The contribution
of the grasses is high being comprised betweer2%®.@nd 70%. The contribution of the legumes was
comprised between 0.4% and 5.42% and the SC% okpbeies from other botanical families was
between 29.6% and 52.48%. H’ values obtained weasacteristic for an average biodiversity (2.04 —
2.53), but the values obtained for D were typical High diversity (0.12 — 0.21). The values caltada

for VP were low to medium (26.94 — 41.04).

In Figure 1 is presented the evolutionRofspinosacoverage index along the time during the studye Th
values registered in Surduc (9.63% — 31.56%) waxel than in Cheglevici (3.75% - 15.27%).

x 35 7 —&—Cheglevici  ==¥=Surduc
g 30 -
gp 25 -
()]
§ ?20 .
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Figure 1: Evolution in time dP. spinosacoverage index
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The analysis of the influence of the spinosacoverage index on the vegetation of both grasslavas
realised with the help of the correlation coeffiti ¢) and determination coefficient&®q amongP.
spinosacoverage index and species richness, number e$gsalegumes and other species, contribution
of grasses, legumes and other species, H', D an#Ble 2).

Table 2:r andR? amongP. spinosacoverage index and species richness, number séggalegumes and
other species, contribution of grasses, legumestret species, H’, D and Vi € 0.05; one-tailed test;

df =5;™p > 0.05, * p < 0.05, ** p < 0.025, *** p < 0.01)
Species Number of SC%

Specification richness grasses legumes others grasses  legumes othersH D VP
Cheglecivi r 0.29¢ 0.02¢ 0.43"¢ 0.18" -0.42¢ 0.31" 0.43¢ 0.26* -0.11 0.12¢
R 0.09 0.00 0.19 0.03 0.18 0.10 0.17 0.07 0.01 0.01
Surduc r -0.83** 0.10" -0.14*  -0.66* -0.66* -0.32 0.81** 0.41* -0.61" -0.68*
R 0.69 0.01 0.02 0.43 0.44 0.10 0.63 0.16 0.38 0.46

The obtained correlation coefficients were différéetween the analysed grasslands. In the case of
grassland from Cheglevici there wasn’t any corr@tabetween the analysed variables, even it has a
greater coverage index Bf spinosaThe correlation coefficients obtained for thesgtand from Surduc
were the following: strong negative relationshipthwspecies richness € —0.83), medium strength
positive relationship with the contribution of thpecies from other families € 0.81), and weak negative
relationship with the number of the species frommeotfamilies ( = —0.66), grasses contribution £
-0.66) and pastoral value£ -0.68).

Other researches from literature have shown tleaetfects of shrub encroachment on plant diveesigy
ambiguous (Pihlgren, 2007). Some studies have dstmaded negative effect of shrubs on plant divgrsit
(Lindborg & Eriksson, 2004 cited by Pihlgren, 200&)d other correlation analyses showed that
increasing proportion of the pasture area covegedhbubs had a positive effect on species richnass
most taxa (Soderstrost al, 2001).

Conclusions

The encroachment &. spinosan grasslands has different influence on the végetaward, from the
point of view of the coverage index of the shruld dhe management intensity. At lower coverage
indexesP. spinosacan determinate the decrease of the species sshtiee contribution of the species
from other families increasing instead of the daseeof their number of taxa. Also, the increasthef
contribution of the taxa from other families is efetining a lower pastoral value. Other values &f th
coverage index aren’t determining significant chesgn the vegetation cover.
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Abstract

In upland areas, semi-natural grasslands assuiek ebétween products and territory. They provide
specific qualities for animal products, supply @amimental services and open landscapes. Rules én PD
cheeses of Massif central set grassland at a key pbthe forage system for farms involved in the
labelling process. Local stakeholders are alsaésted in the characterization of the servicesigem/by
grasslands: forage production, biodiversity, ogr@rironmental services and organoleptic and noitrati
properties of cheeses.

The multidisciplinary project “Prairies AOP” buidt typology-tool to characterize grasslands. Itdasdal

on a network of 75 plots in which botanic compasitand agronomic measurements were realised. A
multidisciplinary expertise was used to characeeservices like biodiversity, C-Storage, cheesditgua
Twenty vegetation types (VT) were identified by dmmng descriptive and functional data. Agro-
ecological conditions, vegetation characteristiogd services, included quality of animal producypif/
each VT. The tool includes an identification keyldne index cards of each VT. This typology shadues t
multifunctional aspects of grasslands and constttiherefore a useful tool for stakeholders toktline
future of livestock farming in upland areas.

Keywords: PDO cheese sector, multifunctionality,o®stem services, multidisciplinarity, dairy
production, permanent grasslands

Introduction

In uplands dairy farms in Massif central, grasstarepresent the major part of the cultivated afbay
exhibit a great diversity resulting from soil anlimate variability and management diversity. Those
factors influence botanical composition and agtigal or environmental performances of the grassan
Breeders and advisers have difficulty to deal witits great diversity and want to get simple tools
describing vegetation and giving its potentials.rétwver, rules on PDO cheeses production of the iMass
central set grasslands as a key point of the fosggeem (cutting and grazing). Studies in PDO farms
have shown that grasslands are under-used andh#iatmanagement could be improved with better
knowledge of their potential and with coherent fic&s regarding the functioning of vegetation (Theta
al., 2009). The stake is to promote and improve tleeofigrasslands to guarantee the economic dusabilit
of farms, the biodiversity of grasslands and thaligof cheeses. To achieve this goal, a typoltapl-to
characterize grasslands was designed, as a pé#ne akesearch-development program “Prairies AOP”
involving 14 research, extension and educatiompast(Carreret al, 2008).

Material and methods

To characterize at the same time the vegetatiom, ploduction potentials and their evolution, the
management and environmental conditions and thityjoh cheeses, we combined a botanical and an
agronomic approach. The data came from a netwoitbgflots from 15 dairy farms chosen to cover a
wide range of environmental and management comditicSurveys identifying farmer practices,

agronomic and phytosociologic measurements weréedaout. The agronomic samples were realised in

! http://www.prairies-aoc.net/
109



the dominant vegetation community of each plot fdimes during the grazing season. The
phytosociologic samples were realised in all comities and then organized using phytosociology
taxonomy (Braun-Blanquet, 1932). These data allewtaudescribe the vegetation from an ecological
point of view. The combination of these agronomid ghytosociologic data with multidisciplinary
expertises designed the typology.

Results and discussion

The twenty vegetation types (VT) identified wergantized considering agro-ecological characteristics
(altitude, moisture, management, fertility). Thbléal shows an example for highland VT (betweer0100

and 1300 m a.s.l.). The same organization was tmmlewland (less than 1000 m a.s.l.) and mountain
(more than 1300 m a.s.l.) VT.

Table 1: Organization of the eight highland VT adesing agro-ecological characteristics
In this table, the class of moisture is from 1 jdry5 (very damp) and the class of fertility frdn{poor) to 5 (very fertile) (classes defined by a
group of experts). The characteristic species tiedpuser to confirm the type of vegetation butrerealways dominant species.

Number of Number of
VT Class of Dominant Class of  Class of phytosociologic agronomic Number
code  altitude practice moisture  fertility data data of plots Characteristic species
1 High Mowing 2 4 7 33 5 KnaL_ma arvernensiand
(late) Trisetum flavescens
2 High Mowing 2 5 3 13 2 Apiaceae
3 High Mowing 3 4 4 7 1 Sanguisorba officinalis
Mowing .
4 High  (early)or 23 5 7 12 »  Rumexspp.,Bromus moliis
andPhleum pratense
pasture

2 types: withFestucagr.
ovinaand/or

5 High Pasture 2 1-2 15 16 3 ] .
Brachypodium pinnatum
OR with Nardus stricta

6 High Pasture 2.3 3 4 6 2 Alchemilla xanthochlora

andViola lutea
. Alchemilla xanthochlora
7 High Pasture 2-3 4 10 30 5 without Viola lutea
8 High Pasture 2.3 5 2 6 1 Cynosurus cristatuand

Lolium perenne

A hierarchical approach considering altitude, pcagtmoisture and fertility was used to organize th
twenty VT (identification key). The several dateadable for the twenty VT were used to describeheac
type and were synthesized in index cards. Thesis gaesent seven main parts (table 2): (i) codeena
and photo of the type, (ii) agro-ecological corais, (iii) vegetation composition, (iv) agricultu@nd
environmental potentials, (v) agricultural and eommental services and quality of cheeses,
(vi) dynamics of VT under perturbations and (viisginthesis with strengths and weaknesses. The
typology includes also attached documents desgrithie calculation methodology, supplying additional
data and instructions for use.

Conclusions

We created a simple tool although it results frotarge analysis work of all the partners. The tgggl
shows the impact of environment and managementitimmsl on vegetation composition and on the
dynamics of herbage biomass and quality during sh@son. This typology ensures a link between
agricultural and environmental potentials but aistth quality of cheeses. To turn the presentedgbype
into a real tool we have to validate it during thiging (2011) and train the future users. To aothe] this
typology shows the multifunctional aspects of deasds and constitutes therefore one of the tools
available for stakeholders to think the future essaf livestock farming in upland areas.
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Table 2: Organization of index cards with descviptand functional data and their sources

Main parts 2 level of organization Blevel Sources

Code, name and photos of tyf - —_— .

ytosociologic an
agronomic data
Agronomic data and farms’
surveys

Environment conditions
Agro-ecological conditions
Management conditions

Proportions of grasses, legumes
and forbs and their evolution Agronomic data
during spring

Functional types composition (Cruz ¢

Vegetation composition Dominant species al., 2010) and its evolution during Agronomic data
spring
Species of specific environmental
Characteristic species conditions and of specific Phytosociologic data

management conditions
Biomass quantity and its evolution

Quantity during spring + indicator of Agronomic data
. phenology
sr?\';lifgrlfrli]r:rl\gl]iotentials Quality Biomass quality and its evolution Agronomic data, Baumont et

during spring al (2009) and INRA (2007)

Soil information Agronomic data

Indicators of biodiversity Phytosociologic data
Agricultural use value (production Agronomic data and Duret

. . patterns and levels, feed value) al. (2010)

Agricultural services Dairy production allowed by pasture Agronomic data and INRA
or hay (2007)

. Carbon storage group of experts
Agriculturaland . Natura 2000 and Corine
environmental services and Habitats Biotope
quality of cheeses Environmental services Diversity of flowers’ colours

Capacity for having pollinators Phytosociologic data and

Capacity for having fauna Orth et al. (2008)

Sensorial compounds
Nutritional compounds

VT dynamics group of experts
Strengths
Weaknesses

Services for quality of cheeses group of experts

Synthesis group of experts
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Abstract

In the mountain areas of southern Poland, sigmifistructural changes occurred during the year®-199
2007, particularly in the catchment areas of th@&dpDunajec River basin. The share of arable lands
decreased in the range of 17.7 — 27.6 % of thédota. Simultaneously the area of permanent gnadsl|
(meadows and pastures) increased from 9.8 to 21ITh#.objective of the work is to evaluate selected
quality features of the environment, particulailyface water, under the condition of a large cbaotion

of permanent grassland. This aim was achieved énBlatka catchment region where arable land
amounted to 16.2 % and pastures and meadows t%88.the total area.

At several points on the Biatka River the concerdrs of nutrients e.g. N-NHN-NO; and PQ was
monitored. Studies showed that surface water quilithis catchment area was very good, in theeang
of 1% class. However, other studies done in the areh witarger share of arable land revealed that
nutrient concentrations were of 8lass quality or lower. Therefore, it has beenctutied that mountain
grasslands fulfil an important protective role $oirface water quality.

Keywords: Western Carpathian, meadows, pasturegpement, nutrients

Introduction

The quality of water flowing from agricultural asedepends on land use and the intensity of agui@llt
production. The concentration of chemical composieespecially N-N@ in drainage waters from
intensively fertilized arable lands may be abotintes higher compared to permanent grasslakaols €t
al, 1996). Similar variations of N-Nconcentration were found in lysimeter studies carnmg crops
that required mechanical cultivation and permampasture (Smoroet al. 1996). The quality of surface
water also depends on factors associated with huantivities and existence (Gatka, Strgii, 2003;
Pawlik-Dobrowolski, 1990; Smofp Twardy, 2001).

The aim of this study was to assesslitative characteristic of the environment, in particular surface
water quality under dominance of low intensive pement grassland mainly fertilised with manure. .

Material and methods

The study was conducted from 2002 to 2007 in tlgh hmelief Biatka catchment region located in the
WesternCarpathians in the South of Poland (Atlas ..., 1985; Nietedz, Obrbska—Starklowa, 1991).
The investigated area is characterised by a snhaltesof arable land and a large contribution of
permanent grasslands. Forest covers the main ptre avhole catchment area (41 %). The structure of
agricultural lands is composed of 16.2% arable dar88.7% pastures and meadows and only 0.1%
orchards.

In the Biatka river catchment, five water sampljpmjnts were determined: Point No. 1 is an afflugint
Brzegi stream situated in an uninhabited regiom fatests covering 80% and permanent grasslands 20%
of the area. Point No. 2 is situated in a lowet pathe Brzegi stream, distanced about 2.8 km fpaimt

No. 1. This part of the catchment is dominated sglands and forests. It undergoes strong human
pressure. Over 1000 people live on the neighbowthmsulting in a high concentration of stables and
manure storages. Point No. 3 is a thickly woodeti @696 uninhabited area where the Biatka river flows
Point No. 4 corresponds to the area where Bialker rapproaches the "Czorsztyn-Niedzica" reservoir.
Point No. 5 is located on the Kaniowski stream,icivtwaters come from an area covered with 90% of
grasslands from a few farms. The territory situdietiveen points 3 and 4 is covered by 55% permanent
grasslands and 25% arable lands.

Water samples were collected monthly in order talyme their concentration in N-NON-NH,;, PQ.

The results of water monitoring obtained were camgpavith those issued from the Szreniawa River,
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which flows through the Proszowice plateau locatethe North of Krakow. In this region, arable land
occupy almost 91.3%, while permanent grassland @réy% of the agricultural area (Smaret al.,
2009) and root crops, vegetables and industrigiscase intensively cultivated.

Results and discussion

Based on the analysed components, the best qualiisr was found in the Brzegi stream source area
(Point No. 1). The concentrations of P@nd N-NH were the lowest of all measurements, with on
average 0.03 and 0.06 rdgi® respectively. N-N@content reached 0.51 rdgi*. Compared to the other
sampling points, the water in point No. 2 had tlersivquality with average concentrations of 0.1811
and 0.25 mg;:lm‘3 of N-NH,, N-NGs;, and PQ, respectively, and maximum values of 0.45, 2.1d hi04
mgdm?, respectively. The water quality of the Bialkaeniat point No. 3, above the mouth of the Brzegi
stream, was slightly worst than at point No. 1. $ffi@ate concentration was more than two times greate
0.07 mg PQdm?® on average. At the Kaniowski stream (point No. \Bjth waters flowing from
permanent grasslands, average concentrations dfijNMNENO;, and PQ were similar to those at point
No. 3. In the subsequent course of the Biatka rigarrying water from the above sub-basin (point o

— the village Trybsz) concentrations reached amageeof 0.11, 0.64 and 0,06 rgi® of N-NH,, N-
NO;, and PQ respectively. Flowing water collected from aredth a very high proportion of arable
lands in the Szreniawa area, located on the Praseg@lateau, was significantly higher than in thetiga
river catchmentThe average concentrations of N-NIMN-NG;, and PQamounted 0.73 (SD = 0.46), 4.10
(SD = 0.44) and 0.47 mgym® (SD = 0.15), respectively. Studies conducted adiws to determine the
guality of surface water running off steep mountaieas characterized by very high contribution of
forests, permanent grasslands and slight arabtis laover. The human pressure gradient could also be
highlighted. The catchment waters quality domindigdjrasslands (point No. 5) was maintained at high
level, comparable (especially in terms of nitrogam phosphate contents), to the one from the source
waters of the Brzegi stream (point No. 1) and fleating from forested areas (point No. 3).

Based on the studied components, waters were raagedd the Ist class of surface water quality

(Regulation ...., 2004)This indicates clearly that a low-input grasslangtem, based on natural
fertilizers originating from livestock and small aomts of mineral fertilizers, influenced water dual
profitably.

The Brzegi stream water quality determined at ttwautim of the Biatka (point No. 2) was very poor.
Concentrations of PQwere 8 times greater and for N-pl@nd N-NH, about 3 times greater than in the
source of the Brzegi strearhis resulted from strong human pressure exerte@d bygh number of
residents living in a small area, who were unableake advantage of a sewerage system (Raczak; 2002
Pawlik-Dobrowolski, 1990)According to National Ordinance (Rozpgdzenie MinistraSrodowiska,
2004), water from point no 2, in terms of P&@ncentration, was ranged around lind class qudliting
the whole research period, and was one class wo205- 2006. For N-N©Oconcentrations, water was
of lind class quality.

To properly define the impact of low productive iaghtural activity on the natural environment,
especially hydrous balance, it is necessary to takier consideration demographics. This is padityl
relevant in areas with strong declivity, especiall§th regard to maladjustments in the level of
infrastructure conditions related to protecting gnvironment in a way appropriate to the inhakstan
needs. (Smoig Twardy; 2001). Water quality from the Szreniawaicbhment area, with a very high
contribution of arable land that has intensive na@atal root crop cultivation, was much poorer. Aage
annual concentrations of N-NHn relation to the Biatka river water flowing froareas dominated by
grasslands, were 15 times larger, NNDd PQ about 7 times largem the case of annual crop rotation,
the agricultural areas are not fully covered byetagion, conducive to a water erosion process and t
nutrient penetration into ground waters.

Conclusions

1. The water quality of the Biatka river catchmémm the source areas of water courses, which are
dominated by woodlands and permanent grasslandshagacterized by low nutrient concentrations,
which places them within the border of Ist Classasie water quality.

2. The basic factor significantly deteriorating araquality in some fragments of the analysed region
especially in terms of phosphate, and nitrate gény was anthropopression caused by a high populati
density and concentration of livestock buildingsaied near the watercourses.
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3. The quality of water flowing from areas withaade contribution of arable lands was much worae th
in comparison to the areas dominated by permamassignds.

4. Mountain grasslands have a crucial meaning reiglard to the protection of the natural environment
in particular a favourable influence on the quéiltastate of water resources.
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Abstract

Sheep farming is one of the most important sectdrshe rural areas in Greece. In this study the
production system of sheep was investigated baseguestionnaires which were addressed to all the
farmers (n=60) of the six districts of the munidipaKoilada, Larissa Prefecture, central Greeaceind)

the summer of 2010. It was found that the exisshgep production system is based on grazing of
communal natural grasslands, on temporary pastanesial winter cereals) and cereal stubble fielts a
crop harvesting. However, farmers also extensiuéllize purchased feedstuffs, especially conceas;at

in order to improve animal performance resultingémi-intensive production system.

Keywords: dairy sheep, farmers’ characteristicelrareas

Introduction

Sheep represent 9 million heads and are considerdtie most significant livestock sector in Greece
from an economic, cultural and environmental pointiew. Most of these animals (85%) are extengivel
managed in marginal areas and produce milk whidhaissformed mainly intdeta cheese. Due to the
great significance of the sheep farming, seversdarghes have been carried out regarding the eégcmom
and viability of this sector as well as the potantor further improving its competitiveness (Raucet

al. 2006, Aggelopoulos et al. 2009). However, infation concerning the characteristics of the sheep
production system and the use of natural resourgegazing animals is relatively limited (Yiakoulak

al. 2003, Evangelou et al. 2008). The aim of thislg was to evaluate the sheep production systean in
typical area of central Greece.

Material and methods

The research was conducted in the municipal ofagiai] which is located in the south-western pathef
prefecture of Larissa in central Greece, duringghmmer of 2010. The climate is moderate in winter
with high temperature in the summer. Mean annuetipitation is 425 mm and mean air minimum
temperature is 8C, indicating a semi arid Mediterranean climatepdgraphy varies with the flat areas
occupied by arable lands and the hills and moustaiovered by natural vegetation. The latter is
dominated by evergreen shrub lands mainly compos&drmes oakQuercus cocciferd..) interspersed

by openings with herbaceous species. The produdiymtem of sheep was investigated based on
questionnaires that were personally addressed theafarmers (n=60) of the six districts (Amygdale
Eleftheres, Koilada, Koutsochero, Loutro and Raddioof the municipal of Koilada. All the farmers
responded to the questionnaire. The questions ooetahe animal capital, the characteristics of the
exploitations, the farmers’ profile, the utilisatiof natural resources (communal natural grassjands
artificial pastures, fields of cereal stubble aftervesting, season of grazing, transhumance, thie),
supplemented feedstuffs (kind, quantity, cost, iiegdime), the milk yields and the prolificacy. In
addition, population and livestock data were caddcfor the six municipal districts. Domestic anisna
were not included in the research.

Results and discussion

Farm characteristics-Farmers’ profile

The 2.3% (n=60) of the registered residents ofatiea were flock owners (Table 1) and they partiegha

in the research. They were generally men (90%ate iniddle-age (mean=56 years). More than the half
of them (52%) earned their income directly fromnfarg exploitation while the income of the rest came
from farming along with agriculture. All of themidahat they practice farming traditionally withcarny
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kind of training and that they need to learn newysvéo manage their farms in order to address
environmental concerns. The majority of the fargig%) were family exploitations, while 30% of them
were individual exploitations. Very few (3%) repaxuitthat their farms were families’ partnerships. In
68% of the exploitations, one to two family membeositributed to the total non-paid necessary labour
while for the rest of them more than two family nmars are employed. The majority (71%) employs one
shepherd that is not member of the family while 288ploy 2-3 non-family shepherds. The 65% of the
holdings are located outside of the residentiabaaad 90% of the building facilities are of low
investments as they are old-fashioned. The majofithem (87%) have no milking facilities.

Animal capital

Livestock is composed of 13.298 sheep and 845 gtiatsbuted in 60 exploitations (Tablel). The
majority of the farmers (78%, n=51) owns sheeploand the rest (22%, n= 9) keeps mixed sheep and
goat flocks. 60% of the farmers has small sizekiodess than 200 animals) and only the 10% of them
keeps more than 500 animals. One quarter of thepshelongs to the Greek bred€tisragounikq Chios
andSkopeloya small proportion (2%) is of ti@ermanbreed and the rest are cross-breafagouniko

with other breeds such asicaune, ChioeandGerman 65% of the sheep are raised as double-purpose
animals (milk and meat) while 35% are raised onlyrilk.

Table 1: Human population, exploitations, animahber and available forage resources (ha)

Municipal Registered Livestock Number of animals Communal Artificial Cereal
Districts residents Exploitations Sheep Goats | Grasslands Pastures Stubble
Amygdalea 343 13 3.063 105 210 19.5 330
Eleftheres 421 4 152 0 90 25 30
Koilada 683 6 1.220 0 50 44 215
Koutsohero 320 11 2.570 260 550 45 348
Rachoula 562 6 890 0 75 18.5 212
Loutro 303 20 5.403 480 500 84.5 360
Total 2.632 60 13.298 845 1475 214 1495

Farming system characteristics

The majority of the animals (77%) remains in thedgt area grazing around the villages, without
changing base throughout the year, whereas less dhgquarter (23%) moves out during summer,
practicing transhumance. They move towards theoregif Kalambaka in the prefecture of Trikala
(around to 70 km). The animals leave at the endllaf and most of them return at the end of October.
They are transported by rented trucks which reptesga cost ranging from 1.5 to 3 €/animal/route.
Grazing time of sheep on available forage resouc@sesented in Table 2. The natural grasslangls ar
the most important source of grazing for sheephag are utilized throughout the year by the majorit
(65%) of the farmers. 16% and 19% of the resporsdeatd that they don’t graze their flocks in
grasslands during the summer and winter perioghetively. In addition, the majority of the farmers
(73%, n=44) uses alternative resources. Thesededutificial pastures with annual winter cere868%)
grown in private (43%) or rented lands (57%), which used for grazing in late winter-early sprifbe
use of cereal stubble fields after crop harvesimngrder to cover the feed gap during summer ie als
common practice for 68% (n=41) of the respondeBessides, it has been found (Yiakoulaki and
Papanastasis, 2003; 2009) that cereal crop respmoegle a satisfactory feed for both sheep andsgoa
for this period.

Table 2: Grazing time of sheep on available forageurces and (%) of farmers using feedstuffs

Grassland gAlfzrir:\Ztirveiources (;r?jziglg .time gr?jg;l? itri]me Grazing time Efe frei:%(iistuff Farmers using
grazing o day)ir antifionl pastures  ( GaY) in stubble & =50 feedstuffs (%)
a. Artificial Winter 3 Winter 2 Winter - Winter 100
All year Pastures Spring 7 Spring 3 Spring All year Spring 89.5
round b(.DSet(iEfEIt:eef'MaY) Summer 3 Summer - Summer 6 round Summer 51.5
Autumn 6 Autumn Autumn - Autumn 7.4

(June-August)

On the other hand, all farmers extensively utitbenplementary purchased feedstuffs for their arsmal
(Table 2), in order to increase milk productione@f&uffs, mainly roughages and concentrates (corn,
wheat, barley, oats, alfalfa hay, wheat straw,ototieed cake, beet pulp) are used during the grtiied

of the year, thus making the production system setansive. based to a large extent on EU subsidies
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The farmers received 30.7 € per head of eligiblenals. The amount of provided feedstuffs depends on
the season, the weather conditions and the phystiatls of the animals. The provided feedstuffdhéo
animals throughout the year as well as their costpaesented in Table 3. The overwhelming majority
(97%) use supplements (salt and blocks of vitarAind, E and trace elements Cl, Na, Ca, P, Fe, @o, Z
Mn, Se) throughout the year. The supplements aeed by the farmers in the feeders so that theasim
have free access to them. The cost of salt vagtgden 0.15-0.20 €/kg, and the cost of the bloakges
from 1-1.30 €/kg.

Table 3: Feedstuffs and purchased feedstuffs hostighout the year

Feedstuffs Winter Spring Summer Autumn
(kg/day/anim) Cost (kg/day/anim) Cost (kg/day/anim) Cost (kg/day/anim) Cost
(€/kg) (E/kg) (E/kg) (Ekg)
Concetrates 1.0 0.20 0.7 0.14 0.4 0.0B 0.7 0.14
Alfalfa hay 0.7 0.14 0.4 0.08 0 0 0.6 0.12
Wheat straw 0.3 0.03 0.2 0.02 0 0 0.2 0.0p
Total 2.0 0.37 1.3 0.24 0.4 0.08 15 0.2

Births-Milk production

Hormonal synchronization and stimulation of oestites not used. The ewes are mated in May and June
and parturitions occur from October to Novembere Pinolificacy index ranges from 1.3 to 1.6. 2/3 of
the lambs is slaughtered after weaning (40dayslewlliB is kept as store lambs. The carcass weight o
lambs ranges from 8-10 kg and the price ranges #d&nto 5.5 €/kg. The ewes are usually milked far 6
months/year and the mean annual milk productiogesrirom 120 to 150kg. The milk is sold to dairies,
located within the prefecture of Larissa, and iised for the production of cheese and yogurt.sEfleng

price of milk ranges from 0.93 to 1 €/kg.

Conclusions

The deficient use of the available forage resoulmegrazing sheep along with the extensive use of
purchased feedstuffs constitute considerable weslkseof the existing sheep production system. Its
potential for restructuring should be consideredomder to increase the utilisation time of forage

resources by grazing through offering a high quédied to cover the animal needs
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Abstract

Studies performed with the method of steered ifgarwere carried out in 2004—-2009 in grassland-dbase
organic farms, in 9 farms in mountain areas and3Znfarms in lowland voivodships. The mean
agricultural area (AA) in the studied farms wash&6in 2009. It ranged from 3 ha to 306 ha. Teclnica
(vield and livestock numbers) and economic (stashdgioss margin per ha of AA and per full-time
worker) data were related to other environmentaicaltural and economic characteristics.

Analysed factors included the agricultural area JA¢ow stock, milk efficiency, farmers’ age and the
value of fixed assets. Low to medium levels of stugent in fixed assets and relatively low levetiméct
costs of plant and animal production was notedudied farms. Incomes from agricultural production
studied mountain farms were ‘medium’ to ‘low’. Thesere higher from livestock (cattle and sheep) than
from crop productions. Gross margin both per haai8l per person was ‘medium’ to ‘low’ compared to
all farms of the country. Incomes of organic farewere strongly supported by Polish and EU sulsidie

Key words: standard gross margin, subsidies, gamguction, herd size, manpower

Introduction

Organic farming is developing rapidly worldwide apdrticularly in the EU. Products from such farms
are supposed to be healthy and organic farmingusily recognized as environmentally friendly. The
demand and the offer of organic products increades.number of organic farms increases. In Poland,
1993, there were 255 organic farms (3 500 ha AAR007, 11 877 farms ( 286 000 ha AA) and in 2009,
17 138 farms (?? ha AA) [Rolnictwo, 2009].

Present and future developments of organic farnmiglosely influenced by its profitability and
competitiveness compared to other agriculturalesgst The aim of this study was to analyse technical
and economic factors affecting the development afimtain and lowland grassland-based organic farms.
The selected factors were related to other enviesniah, agricultural and economic characteristics of
these farms.

Material and methods

Studies were carried out with the method of steeretview in the years 2004—2009 in grassland-tase
organic farms, in 9 farms in mountain voivodshipsl an 32 farms in lowland voivodships. The total
agricultural area (AA) of the studied farms was9 &a in 2009. The AA of individual farms ranged
from 3 ha to 306 ha (average of 46 hZDépHowe, 2005, 2006, 2007, 2008, 2009]. In all ferrhe
livestock production was based (circa 90%) on tbain grasslands. These grasslands occupied at least
30% of the AA [Badania, 2005,2006,2007,2008, 2009].

Direct costs were calculated for the whole farm aeparately for plant and livestock productionse Th
costs of fuel, electric energy and hired labourewdistinguished from indirect costs. Standard gross
margin (SGM) was adopted as the main criteriorefmmomic assessment of a farm. SGM is a three-year
mean value of a given agricultural activity (obtdrfrom a farm, from one ha of arable land or frame
animal). Comparison of the revenues with directso$ farms in the years 2007-2009 gave the ‘SGM
2008’ [Metodyka, 2000].

Economic and agricultural effects

Yields of main plant crops

The vyields of cereals and potatoes in both grofipsganic farms (mountain and lowland) were assksse
in relation to the soil quality index of arable dsn Cereal yields were slightly higher (by 13.4%) i
lowland farms (table 1) while the yields of potataeere higher in mountain farms (by
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22.5%) despite lower soil quality index [JankowdKaflejt et al., 2004]. Better production techniqe,
example larger manpower for weed control, contgtunainly to this effect. In general, crop yields a
not always correlated with soil quality (measurgdhe index of soil quality of arable lands).

Voivodship g'fl}:r?ﬁ; S:)Tld;fa?i{y Cerz':lfs |npto/tr£0e5 Table 1. Mean yields of the main crops in
£ [ malopolskie 5 | 3092 > 78 2092 | relation to the index of soil quality in
£ [ podkarpackie 7 77 557 1920 r2n000u7nt2a(|)r(1)9and lowland farms in the years
2 | mean 9 | 3891 2.53 20.06 i

podlaskie 6 39.58 2.28 11.67

kujawsko—pomorskie 4 52.61 3.06 16.65
- | lubuskie 8 | 45.48 3.11 19.41
S | mazowieckie 6 33.63 2.82 18.85
2 | pomorskie 5 | 44.95 3.06 15.31
= | mean 36 | 43.31 2.87 16.38
Mean 45 | 42.92 2.74 17.19

Farm economic efficiency in relation to the AA, thevalue of fixed assets and employment

Mountain farms were characterised by a smaller A¥egn 22.8 ha) compared to lowland farms (46.4

ha), by a higher value of fixed assets (14 409 dard AA compared to 7 300 euro ha-1 AA) and a

higher employment per 100 ha AA (14.4 persons coethto 7.7 persons). At the same time, mountain

farms achieved lower ‘SGM 2008’ both ha-1 AA (6780ro) and per person (5 520.4 euro) and lower

efficiency of fixed assets measured as the valuB@¥ per 1 euro of fixed assets. Assuming the SGM

per ha AA, SGM per person and the efficiency oéfixassets as 100 in mountain farms, the respective
indices for lowland farms would be 107, 217 and.217hus appears that the economic efficiency of

these production factors is by 7% to 117% highdowland than in mountain farms (table 2).

Table 2. The efficiency of area, fixed assets amgpleyment in studied farms in the years 2007-2009
measured with the ‘SGM 2008’ and percentage shiaselgsidies in relation to the age of farm owners
and the number and dairy production of cows

‘ i 0
Mean Fa- Annual dairy Fixed |Employme SGM 2)008 n % Qf. Efficiency]
. . .. | Number ; eurd’ per subsidies .
\Voivodship surface | rmer’s of COWS production [assets p( nt per 10( in the of fixed
area of AA age (Vcow) | haAA| haAA | haUR|person | oo\, assetd
© |matopolskie 16.59 44.6 3.3 3880 20329 20.4 786.1 43402 61.5 0.19
]
‘g’ podkarpackie 30.16 45.9 8.7 3612 837pR 8.51 537.6 6995.65.4 0.27
g mean 22.81 45.9 6.0 3746 144p9 144 675.7| 55204 58.4 0.23
podlaskie 20.97 43.4 12.4 2783 90p6 9.81 661.9 @96 42.1 0.41
o [KWawsko— 1 5y g6 | 472 | 130 4060 8120 919 6929 9668.80.8 0.64
= pomorskie
g lubuskie 66.51 44.3 125 3250 4170 3.6 884.7 1&30820.0 0.39
~ |mazowiecki¢ 18.93 46.5 11.5 3489 7633 11.97 665.6 75p8.B7.7 0.53
pomorskie 94.95 44.3 46.5 4155 7880 5.7 707.5 1559 39.3 0.50
mean for 46.38 45.4 21.1 3206 7300 7.75 72p.8 D196 34.0 0.50
Mean 40.72 45.7 154 3593 7228 8.01 645.2 10181.41.0 0.44

1) T euro = 3.8 z; 2) — measured with the standands margin per one euro of fixed assets

This is mainly the result of less favourable ndtaral economic conditions of farms situated in ntaim
regions (large altitude differences, worse fieldessibility, lower air and soil temperatures, shiort
vegetation period). It can be considered that bmpibups of organic farms were characterised by
‘medium’ to ‘low’ incomes from agricultural produch, especially from crop production. In the years
2007-2009 the incomes were mainly generated bgtidak production, mainly by dairy cows. The ‘SGM
2008’ was ‘medium’ to ‘low’ both calculated per A& and per person. The mean value of the SGM per
ha decreased with the size of farm and increastdtihe¢ manpower.

The incomes were largely supported by EU subsidigsh constituted on average circa 40% of the GM
[Jankowska-Huflejt and Prokopowicz, 2011].
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Economic results of organic mountain and lowland fams in relation to the age of farm owners and

to the number and milk efficiency of cows in a farm

Economic results of organic farms (‘'SGM 2008’) waralysed in relation to the age of farm owners and
the number and annual dairy production of cows farm. The importance (contribution) of Polish and
European subsidies for the SGM of farms (in %) vedse considered (table 2).

The owners of studied mountain farms were sligbltier (45.9 years) than the owners of lowland farms
(45.7 years). Moreover, mountain farms had fewersc6.0 on average) than lowland farms (21.10) but
had a higher annual dairy production per cow (317atd 3 206 | respectively). Mountain farms obéain
lower SGM per ha AA than lowland farms (675.7 eanal 722.8 euro, respectively or 107% in favour of
lowland farms). Per capita value of this parametas 5 520.4 euro in mountain farms and 11 969.4 eur
in lowland farms i.e. by 17% more in the lattereTdontribution of subsidies to ‘SGM 2008’ was highe
in mountain (58.4%) than in lowland (34.0%) farms.already mentioned, this effect resulted fromenor
favourable environmental and economic conditionshef latter. Lower subsidy share in the income of
lowland farms resulted from better natural and eocan conditions (i.a. more favourable index of
agricultural area use). Moreover, ‘SGM 2008’ in mtaun farms was also affected by much higher
employment in this group of farms.

From other studies [Prokopowicz, Jankowska-HufB€09], it appears that the highest values of GM
(both per person and per ha AA) were obtained im$awhere the annual dairy production ranged
between 4 000 and 5 000 | per cow. Fixed assetgmptbyment had a limited but positive effect on GM
calculated per ha AA and a negative effect wheautated per person and the efficiency of fixed &sse
Together with increasing value of fixed assets @it increasing employment per ha AA, the value of
GM per ha AA increased and the same value per pensployed in the farm — decreased. The efficiency
of fixed assets decreased similarly and, moreavas,inversely proportional to dairy production pew.
The increase of dairy production per cow in a famforces additional investments in one stall fovgo
(the quality and value of buildings and facilities feeding, milking and cooling the milk).

Costs of fuel, electric energy and manpower

The analysis of mean costs calculated per ha ABoih groups of studied farms showed (tab. 3) that i
mountain farms the costs of fuel and manpower weser than in lowland farms and that the costs of
electric energy were similar in both groups. Asswgrthe cost in mountain farms as 100, the respectiv
indices for lowland farms were: fuel — 125, elecenergy — 97, manpower — 155. These figures teflec
higher intensity of agricultural production in lcamd farms.

Table 3. Mean cost of fuel, electric energy anédhiabour per farms (2007-2009)

Mean cost in euro Ha
\Voivodship fuel electric energy hired labour
mean min. max. mean min. max. mean mjn. miax.

Matopolskie 94 30 146 146 40 406 734 21|73 4 256
Podkarpackie 49 24 75 25 12 49 1D 4 48
Mean for mountain farms 72 27 111 33 14 61 20 4 52
Podlaskie 72 29 111 33 14 61 20 4 5P
Kujawsko—pomorskie 64 64 99 30 13 57 2D 4 81
Lubuskie 78 16 198 14 3 43 30 16 52
Mazowieckie 71 36 136 25 10 53 23 g 5p
Pomorskie 101 55 154 41 8 77 64 3 279
Mean for lowland farms 90 44 157 32 12 66 31 10 1on
Mean for studied farms 85 39 144 32 12 65 28 8 87

Despite a large demand for manpower to control wesa protect plants, the farms used hired lalmur t
a small extent which means that their own manpaveer sufficient.

Other studies [Prokopowicz and Jankowska-Hufle@72@®008, 2009, Jankowska-Huflejt, Prokopowicz
2011] showed that the costs of fuel, electric epeagd hired labour increased with increasing dairy
production per cow.
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Standard gross margins in mountain and lowland farns in the 2005-2008 period

The analysis of SGM per ha AA (table 4) shows a enaiikly increasing trend. Mean GM from the four
study periods was 708.7 euro ha-1 AA and rangaun #87.3 euro in podkarpackie voivodship to 833.6
euro in lubuskie voivodship. In general, the |easiourable were the indices for the year ‘2005’ and
those for the remaining years were similar to eaitter [Prokopowicz and Jankowska-Huflejt 2007,
2008, 2009]. Lowland farms obtained slightly higls€&M than mountain ones. It means that agricultural
space is utilised more effectively in lowland farmssuming 100 as the value of SGM per ha AA in
mountain farms, the respective values for lowlaadns were: 111 in ‘2005, 128 in ‘2006’, 137 in
‘2007’ and 114 in ‘2008’ (mean 121). It thus appetrat SGM in the study years was higher by 11-37%
in lowland than in mountain farms.

Table 4. SGM in mountain and lowland farms in th@%2008 period

Standard Gross Margin (SGM), euro per ha AA orgesson

Voivodship 2005 2006 2007 2008 Average of the
whole period
ha | perso ha | person hg perspn ha persor ha person

.% Matopolskie 843.0 3999.5 800.2| 4561.1 732.9 4488.5 786.1| 4340.2 740.5| 4347.3
§ Podkarpackie 378(55286.1 519.8| 7295.3 513.1 7431.1] 537.6| 6995.6 487.3| 6752.1
g Mean 525.4 4571.3 675.6| 5776.3 635.4 5796.4 675.7| 55204 628 | 5416.]
Podlaskie 772)0 8858.1] 984.9| 11364/6757.1 10936.1 661.9| 10966,3 794.0| 105313

- |Kujawsko—pomorskig  47526131.8 658.8| 78810,87755.{ 9186.1 692.9| 9668.4 645.7| 8217.(
c_crs Lubuskie 424.8 9180.7| 943.8| 13739)21082.1 17243.2 884.7| 183082 833.6| 146176
<_% Mazowieckie 685.L 6375.4 844.9| 7609.8 882.8 4533.8 665.6| 4558.0 754.6| 7269.2
Pomorskie 573)/510347.3 780.6| 14314/1881.4 15871.7 707.5| 155915 735.7| 140311
Mean 582.9 8314.20 864.4| 11271)0871.1] 13076.8 772.8| 12326/1 760.3| 112470
Mean for studied farms 586.9 6178.6) 800.5| 8929.0 802.3 10213.¢ 645.2| 9907.2 708.7| 8807.1

Dfor all years, 1 euro = 3.8 zt

SGM calculated per full-time employed person i@ (table 4) showed a moderately increasing trend.
Its mean value from the four three-year-long pesiags 8007 euro with the range from 4347 euro in
matopolskie voivodship to 14618 euro in lubuskievedship. In general, the least favourable was the
index for 2005 and the indices for the remainingrgewere similar to each other. Lowland farms
obtained better indices of the GM per person coagavrith mountain farms. If the index for mountain
farms were 100 than the respective values for log/farms were: 182 in 2005, 195 in 2006, 226 in7200
and 223 in 2008 (mean 208). It means that lowlamch$, despite lower subsidies, obtained SGM higher
by 82% to 126% compared with mountain farms. Lowlérms used their manpower resources more
effectively, mainly because of better environmeatad economic conditions and lower employment.
Performed economic analysis showed that not aliriogfarms had a chance of further development and
investment. Acc. to Jézwiak [2008] such a chanogeHarms of an economic size above 10500-13000
euro, which pertains to ¢. 69% of studied farm®kBpowicz, Jankowska-Huflejt, 2009], while 31% of
smaller farms will not accomplish necessary (aocKbodeks ... [2002]) investments like individual
sewage treatment plants, slurry tanks or silos.

Conclusions

Economic efficiency of the use of land and labagources in organic grassland-based farms measured
with the SGM per ha AA and per full-time employeergon was better in lowland than in mountain
farms despite higher subsidies in the latter. Tifieiency calculated per ha AA decreased while that
calculated per person increased with increasingseirarea of AA.

The owners of mountain farms were slightly oldeantlthe owners of lowland farms, kept fewer cows
(6.0 heads) than those in lowland farms (21.1 Heaals$ obtained higher dairy production per cow48 7

| versus 3206 | in lowland farms). The ‘SGM 2008 pa AA was lower in mountain than in lowland
farms (675.7 and 722.8 euro, respectively or 10@%avour of lowland farms). The same parameter
calculated per person amounted 5 520.4 euro in tagufarms and 11969.4 euro in lowland farms iye. b
117% more.
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The SGM (per ha AA and per person) in most farmsodh groups showed a slightly increasing tendency
during the study period which means that the efficy of land use and labour slowly increased.
Subsidies are an important factor affecting thenentc efficiency of organic farms. They increaskd t
income of studied farms and, on average, condtitdie0% of SGM ranging from 43.0% in lowland to
58.4% in mountain farms.
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Abstract

Despite small differences in the land use strucameé animal stock between the study years, nutrient
balances, particularly those of nitrogen and patass differed largely. In smaller farms from
mazowieckie and matopolskie voivodships with largeimal stock (c. 0.8 LU/ha) nitrogen balance was
positive or only slightly negative. In organic fasraf limited nitrogen sources there are large dsfiaf

this nutrient as seen in farms from podlaskie amdkprpackie voivodships. The latter were charaszelri

by small animal stock (below 0.7 LU/ha) and negatnitrogen balances, even in farms of relatively
large, over 30%, share of legume or pulse cropacelethe nitrogen budget in organic farming is ryain
determined by animal production. Higher deficitgpbbsphorus were also found in these two groups of
farms and in farms of animal stock equal to 0.56/HaJ(podkarpackie voivodship) the balance of
potassium was also negative. Despite some singisuaf N and P budgets in podlaskie and podkarpacki
voivodships, performed comparison showed that entr{imainly N and K) management was better
balanced in lowland than in foothill or mountainrfes. The negative balance of phosphorus and
potassium may be improved by the application ofsave other sources of nutrients (not applied in
described farms) and the improvement of nitrogettgbtiis possible through increasing ruminant stock.

Keywords: grassland organic farms, NPK budgets]dfscale”, animal stockand use structure

Introduction

Beyond its productive effects, agriculture shouldypecological functions. More rational management
allows a decrease of nutrient dispersion in a farm.

Permanent grasslands, despite similar share isttbheture of agricultural area in the different\yinzes

of Poland (voivodships), are used with differeriensity, particularly in organic farms. Nutrientldqrace

at the field scale [Barszczewski et al. 1999; Radtret al. 1997] is helpful in identifying the intaty of
management, in optimizing nutrient cycling and mproving current grassland management. The
principles of organic farming imply limitation ofmported nutrients which often result in a negative
budget [Jaczyk 2005; Karpiski 2005; Barszczewski et al. 2007]. Nutrient ba&s) both at the field
scale and “at the farm’s gate”, are objective mashio assess the grassland management.

The aim of this study was to compare nitrogen, phosus and potassium management in organic farms
from four voivodships representing lowland, fodthihd mountain regions.

Material and methods

Steered interviews were carried out in the yea@5202007 in selected organic farms with a largevya
30%) contribution of grasslands to the agricultuedds (AL). The surveys were realised in four
voivodships: podlaskie (northern part of the cogintmazowieckie (Central Poland) as lowland regions
and in malopolskie and podkarpackie voivodshipsesgnting foothill and mountain areas. Each group
was represented by five farms of an area muchddhge the country mean (8.0 ha). Mean farm area in
matopolskie voivodship was 17.5 ha and remainedsteort during the study period while the area in
podlaskie and podkarpackie voivodships enlargednfi20 to 31 ha. Collected data were used to
determine the management of nitrogen, phosphordgatassium of each farm “at the field scale” with
the MACROBIL computer programme [Fotyma et al. J0@utputs consist in the total N, P and K
uptakes by plants. Inputs include: mineral fegilss animal faeces left on pasture, manure, skmg
liquid manure, straw of leguminous plantleguminplent, oil plants and cereals, leaves of tuber grop
biological N fixation by legumes and atmospheripagtion.

Mean values from particular groups of voivodshigmevdiscussed in relation to the land use, crods an
animal stock structures.
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Results

Nitrogen balance.Mean nitrogen balances showed marked differentidbiath among voivodships and
the study years (tab. 1). The greatest differensese noted in 2005 between mazowieckie and
podkarpackie voivodships. An important factor afifeg the balance of all elements, particularly of
nitrogen, was the input from various sources. tndase of nitrogen, the main sources were aniroek st
in farms, the share of legumes in the botanicalpasition and the share of leguminous plant.

Table 1. Nitrogen, phosphorus and potassium ingtisbalance (in kg- Ha
N P

K
Voivodship Year Mearilnf%rarln area input kg-ha| balance |inputkg-ha| balance |inputkg-ha| balance
! kg-ha ! kg-ha ! kg-ha'
2005 26.46 75.00 -11.80 8.56 -3.60 66.29 6.40
podlaskie 2006 26.46 61.48 -12.60 6.48 -3.60 53.12 18.60
2007 31.08 68.24 -12.60 6.68 -6.20 58.39 23.40
% X 28.00 68.24 -12.33 7.24 -4.47 59.26 16.13
= 2005 21.71 77.22 2.40 9.38 -0.80 65.08 9.00
S mazowieckie 2006 21.99 79.88 4.80 12.06 2.20 71.72 24.00
2007 22.12 73.90 -6.60 8.32 -5.80 61.42 -5.0(
X 21.94 77.00 0.20 9.92 -1.47 66.07 9.33
mean 24.97 72.62 -6.06 8.58 -2.97 62.66 12.73
c 2005 17.57 101.66 0.60 11.66 -1.80 89.89 -8,4
3 matonolskie 2006 17.57 70.34 -1.60 8.40 -1.40 69.92 34,80
S P 2007 17.60 88.80 -7.20 10.16 -1.40 86.64 25,40
g X 17.58 86.93 -2.73 10.07 -1.53 82.15 17.27
5 2005 21.61 49.50 -57.25 4.88 -9.00 41.89 -44.50
= podkarpacki| 2006 31.89 64.88 -24.75 7.43 -5.00 54.58 -0.74
° e 2007 31.80 61.48 -45.50 6.10 -8.25 53.90 -5.24
e X 28.43 58.62 -42.50 6.13 -7.42 50.11 -16.8
mean 23.00 72.77 -22.61 8.10 -4.47 66.13 0.22
Table 2. Average animal stock (LU-hAL) from interviewed farms
Voivodship Year Cattle Pigs Horses Sheep Poultry U hia® AL
2005 0.54 0.04 0.00 0.10 0.02 0,72
podiaskie 2006 0,52 0.02 0.00 0.04 0.00 0.58
2007 0.64 0.00 0.00 0.02 0.00 0.66
% X 0.57 0.02 0.00 0.05 0.01 0.65
= 2005 0.52 0.05 0.14 0.05 0.01 0.80
S mazowieckie 2006 0.54 0.04 0.18 0.04 0.00 0.78
2007 0.50 0.02 0.12 0.06 0.00 0.72
X 0.52 0.04 0.15 0.05 0.00 0.77
mean 0.55 0.03 0.08 0.05 0.01 0.71
£ 2005 0.61 0.04 0.00 0.21 0.02 0.96
g malopolskie 2006 0.66 0.02 0.00 0.06 0.02 0.76
3 2007 0.80 0.02 0.00 0.16 0.00 0.98
£ X 0.69 0.03 0.00 0.14 0.01 0.90
2 2005 0.40 0.01 0.01 0.07 0.00 0.48
; podkarpacki 2006 0.45 0.00 0.00 0.15 0.00 0.60
g 2007 0.48 0.00 0.00 0.13 0.00 0.60
g X 0.44 0.00 0.00 0.12 0.00 0.56
mean 0.57 0.02 0.00 0.13 0.01 0.73

Despite large nitrogen input to farms in podlaski&/odship in consecutive years, its negative badan
slightly increased in the years 2006 and 2007 coetpbaith that in 2005. Mean nitrogen balance in
farms with a large (c. 60%) share of grasslands-d2$8 kg N ha.

Nitrogen input to farms in mazowieckie voivodshipsaby c. 10 kg N hahigher than that in podlaskie
voivodship (tab. 1), due to a larger animal (maimbyse) stock (tab. 2) in spite of smaller conttiidu of
grasslands to the agricultural area. Animal pradacprovides proper nitrogen source in these farms
characterised by an increasing share of cerealvegetables, and a decreasing contribution of legum
Despite small negative nitrogen balance in 200&,nttean value was positive which evidenced proper
nutrient management in this group of farms.

In farms situated in foothill and mountain areasnaftopolskie voivodship, the mean nitrogen inpus wa
much higher than in lowland farms in both 2005 2067 (tab. 1). This had a positive effect on niéog
balance and resulted mainly from relatively largeval stocks — much larger than those in the graup
lowland farms. Cattle and sheep dominated in fanmmiatopolskie voivodship, the share of pigs and
poultry was small and horses were not kept atSalch an animal stock required a high contributibn o
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grasslands to agricultural lands which was c. 66%airticular years (fig. 1). Favourable nitrogetabae
was also affected by significant share of papilemmus plants and leguminous plant which together
amounted 20% of the crop structure (fig. 2).
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Fig. 1.Land use structure in consecutive years in the stued voivodships — mean from the farms

In the foothill and mountain farms of podkarpackadvodship the nitrogen input was much smaller than
in malopolskie voivodship (tab. 1). Due to smaltragen inputs, N balance was highly negative,
especially in 2005, but improved year after year.iliprovement would be possible in these farms with
90% grasslands (fig. 1) by increasing animal stotkinly cattle and sheep. Mean from three yeaisksto
of these animals was only 0.56 LU'h#@bserved improvement of nitrogen balance wasftuteof
increasing legumes’ share in the crop structuthede farms (fig. 2).
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Fig. 2.Mean crop structure in consecutive years in studiegtoivodships

Phosphorus balance.Phosphorus input to organic farms of podlaskie edship was slightly
differentiated from year to year (tab. 1). It waghter in mazowieckie voivodship (similarly to N .

The questionnaires revealed that these nutrienialynmariginated (as nitrogen and potassium) from
organic fertilisers, contributing to a smaller nidga P balance. In the foothill and mountain farais
matopolskie voivodship P input was similar restirom larger animal stock.

The least phosphorus input was noted in podkarpaeivodship. Consequently, phosphorus balance
largely departed from the values recorded in ogineups of farms.

Potassium balancePotassium inputs in the podlaskie farms decreasad 005 to 2007, while K
balance showed substantial increase. In mazowieakiedship mean potassium input in the second
study year was slightly higher but potassium badararied considerably from year to year.

Mean potassium inputs to farms from matopolskievedship, particularly those in the years 2005 and
2007, were highest from among compared groupsrofdaPotassium balance in the first study year was
negative. Significantly improved in the second #nicl study years it was comparable with that imfs
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from podlaskie voivodship.

The smallest potassium inputs were found in podicde voivodship. Small potassium input and,
consequently, remarkably negative mean balance(K@$K -ha) was an effect of the least amount of
applied organic fertilisers, relatively small anirstock and a lack of fertilisation with other fogrof this
nutrient.
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Introduction

Livestock-breeding is a leading branch of agria@tin Kyrgyzstan. That is why high emphasis is ethc

on scientific development and improved feed produactAgricultural area makes up 10.6 million ha
from which 9.2 million ha or 87% are used as pemnmaigrassland (pastures and meadows for hay).

At present, livestock mostly belongs to small farsn&lmost all animals graze on near village and on
spring/autumn pastures. Therefore, the stocking hats increased up to 5-6 times. As a result, this
surfaces have been highly overgrazed. Such a mareagesystem leads to total destruction of pastares
the regions where a high density of human populasoobserved. A loss of floristic diversity can be
observed near settlements. Persistent vegetatpms tgominated by good plant species are replaced by
undesirable and poisonous annual plants. It leadsreduction of pasture productivity up to 2-Brbes
and, in some cases, to its total loss.

The total area of degraded pastures in Kyrgyz Rigp(imstures covered with weeds, degraded or érode
at different degrees) accounts for more than 4lomiha or 49% of the area of permanent pastures.
Lately, 2.4 million ha of pastures were damagediifferent degrees of soil erosion and 4.1 millian h
were invaded by weed species liResa platyacantha, Caragana . Carex spp Five million ha are
invaded by plant species with a low nutritive valsiech ag\rtemisia dracunculus, Veratrum lobelianum
and others. At the same time, remote and summéurngasare not fully grazed. As a consequence, large
area of these pastures is occupied by undesirablereatable plant species.

The aim of this study is to assess the effect afigg exclusion on the vegetation and productiwity)

near village intensively used pastures and ii) sempastures which are less intensively used, and to
evaluate the potential of degraded pastures toveecahen protected from overgrazing. This paper
presents some preliminary results after two yehgsazing exclusion.

Material and methods

With local community representatives, six pasturesve been selected in three pilot regions of
Kyrgyzstan, three on near village pastures andgthresummer pastures.

The pilot region ofdrgochor is situated on the south-east part of K&ylkoblast, on the territory of Jety-
Oguz rayon. Near village pastures in Orgochor #exted at 1700 m above sea level and belong to
wormwood-ephemeral dry steppes. The demonstrationip located on the eastern part of Orgochor
village. Mean annual rainfall is 300 mm per yeannAal average temperature lies between 6.0 and 7.0
°C. Summer pastures of Orgochor region are locatetth® northern mountainside of Terskei Ala-too, in
a place called Kaindyabout 12-15 km to the south. Vegetation type leeegrass-forb meadow-steppe.
Altitude is 2000 m above sea level and mean annaiafall is 400 mm per year. Annual average
temperature is comprised between 5.0 and®.0

Lahol pilot region is located in the central pdrtrmer Tyan-Shan, in Karakujur valley, on the iteny of
Naryn rayon and oblast. Altitude is 2700 m abova Ewel. The demonstration plot on near village
pastures is situated in Tura-Sullage. Vegetation is a grass-forbs steppe. Glems sharply continental
with large fluctuations in air and soil temperatufeosts are typical here even in summer time. ager
annual air temperature lies between —0.4 and °@dnd the mean annual rainfall is comprised between
360 mm (in valley part) and 400 mm (mountainoug)pahe demonstration plot on summer pastures is
situated in Danakaarea, near Tura-Suu head river, at an altitud296D m. Vegetation is also a grass-
forbs steppe. Climatiss more severe than in the valley and weather admsgveral times a day. Mean
annual rainfall reaches 400 mm.

Terek pilot region is situated on south-east part ofd¢ygstan, in Ak-Tala rayon of Naryn oblast. The
near village pasture of Terek a grass-forbs dry steppe. Climate is sharpigticental with large
fluctuations in air and soil temperature. Averagaual air temperature lies between —5.0 and°®.and
average annual rainfall in the valley reaches 320. mhe demonstration plot on summer pasture is
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located behind Kara-Bulak mountain ridge pass, @3%® south from Terek village, in a place called
Kara-Tash The vegetation type of this summer pastures is a grass-forbspste@limateis sharply
continental and severe. Average annual air temperag between —6.0 and -70, mean annual rainfall

is 360 mm.

Grazing was excluded with fences since 2008 or 2D@pending on the local situation, the size oheac
protected area varies between 300 and 980Time botanical composition have been observechguri
summer in 2009 and 2010 according to the quick stathodology (Herriclet al, 2005). Plants have
been identified according to Golovkova (1962) ankitiha et al. (1959). In 2009 and 2010, four small
plots of 1 M were cut monthly from May to September inside ékelusion area and outside next to the
fenced area at a height of 2-3 cm (near villaggéupes) or 4-5 cm (summer pastures) above soil level
The harvested plant material was air dried and kegigo determine the dry matter yield. Observations
and main calculations have been conducted accotdirtbe experimental methods for meadows and
pastures described by Iglovikov (1971) and Imena¥ @joldoshev (2009).
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Figure 1. Specific contribution (%) of the mairapl species inside and outside the six demongtratio
plots (Orgochor, Tura-Suu and Terek = near villpgstures, Kaindy, Danakan and Kara-Tash = summer
pastures; mean of 2009 and 2010).

Results

Orgochor region

In the near village pasture of Orgochértemisiaspp.constitute about 70% of the biomass (figure 1).
There are few grasses arChrex turkestanicais less developed inside than outside the fenced
area.Vegetation starts to grow at the beginningpfl and reaches its maximum at the end of Juigh w
640 kg DM h& outside the fenced area and 755 kg DM Within the fenced area (table 1).

In Kaindy, Festuca valesiaca, Dactylis glomeraiad Poa pratensislominate among grasses (figure 1).
Legumes represent 10% of the bioma&stemisia dracunculuseaches a higher proportion outside than
inside the fenced plot. Plant vegetation startgrowv 8-10 days later than on near village pastures
(Orgochor). Maximum productivity of the vegetatimas obtained at the end of July, with 1980 kg DM
ha' outside the fenced area and 2550 kg DM inaide the fenced area (table 1).
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Lahol region

The near village pasture in Tura-Sisudominated byFestuca valesiacandStipa capillata the former
grass reaching a higher proportion inside the pla, latter being more developed outside (figure 1)
Legumes occupy 7% of the biomass &wranium collinunis the main forbs species. Vegetation here
begins to grow at the end of April, i.e. 15-20 déater than in Orgochor and reaches its maximum in
August only. At this time, the productivity reach#@5 kg DM h& on free grazing area (unfenced) and
505 kg DM ha within the fenced area (table 1).

In Danakansummer pasture of LahoPpa pratensigs the most important grass species and seemne to b
favored by grazing exclusion (figure 1lGeranium collinumand Phlomis oreophilaoccupy a high
proportion in the biomass, the same one insidecaitglde the fenced plot. The vegetation startgroov

in May. Maximum productivity was reached in Augasd show higher values than in Tura-Suu: 1095 kg
DM ha* outside the fenced area and 1400 kg DM inaide the plot (table 1).

Table 1. Dry matter yield (kg DM ha produced by the pastures from May to Septembésidmi
(unfenced) and inside (fenced) the six exclusi@adocated in the three pilot regions (means 2@)9-1

Dry matter yield (kg DM hd)
Pilot region| Pasture type Plot type May June July Aug Sept
Orgochor | Near village pasture| unfence 110 345 640 600 555
(Orgochor) fenced 140 415 755 720 675
Summer pasture unfence 190 900 1980 1625 1530
(Kaindy) fenced 200 1215 2550 2100 1885
Lahol Near village pasture | unfence 105 205 310 405 365
(Tura-Suu) fenced 130 260 395 505 470
Summer pasture unfence 140 500 875 1095 825
(Danakan) fenced 180 605 1090 1400 1030
Terek Near village pasture| unfence 85 215 380 505 475
(Terek) fenced 100 275 520 670 625
Summer pasture unfenced 180 350 320 435 395
(Kara-Tash) fenced 220 430 370 495 460

Underlined values indicate the maximum value froeyMo September

Terek region

In Terek(near village pasturelestuca valesiacandStipa capillataare the dominant grasses (figure 1).
Astragalus sppare well developed and legumes represent abo% 8fahe biomass. Outside the fenced
area, the proportion ofrtemisia dracunculuss relatively high (14%). The highest productivitas
reached in August, with 505 kg DM hautside the fenced area and 670 kg DM hdthin the fenced
plot (table 1).

In Kara-Tash(summer pasture of Terekestuca valesiacand Stipa capillataare also the dominant
grasses, but they are less developed than on the uiléage pasture (figure 1). Legumes, mainly
Astragalus schanginianusconstitute 15% of the biomass. The main weed ispeare Artemisia
dracunculusandCarex turkestanicahe latter species being much more developed autkih inside the
fenced plot as in Orgochor. The productivity reach® maximum value in August and was low: 435 kg
DM ha'outside and 495 kg DM Hanside the fenced area (table 1).

Conclusions

To assess the effects of grazing exclusion, long tedservations are required. Nevertheless, twesyafa
observations already reveal first effects of grgarclusion. On overgrazed near village pastunegig
exclusion favored the emergence of plant speci#@s avgood nutritive value and reduced the proportio
of some undesirable species. For this type of pastit is necessary to introduce rest periodsvtida
pasture degradation. On less overgrazed summaurpasthe positive effects of grazing exclusion are
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less obvious. Some undesirable plant species mdgvoeed. In such a case, a long rest period is not
recommended.
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Dairy production systems in the Italian alpine area

Bovolenta S., Dovier S., Parente G.
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Abstract

Dairy livestock is still a leading sector for agiiiwral economy in the Italian Alps. However, irceat
decades it was concerned by dramatic reductioraimg number, strong increase in the number of
animals per farm, raise in indoor production systegnowth of specialized non-indigenous cattle tisee

as well as use of extra farm concentrates instéateadows and pastures for fodder. This trendkedyi

to standardize alpine dairy products and their eiavialue. The first part of the paper describesithiey
sector in the Italian Alps and analyzes the mogtoirtant factors characterising the production sgste
which can potentially make typical and recognizamieuntain cheeses. The second part describes the
strengths and weaknesses of the production ch&issme of the most famous Italian products with
protected designation of origin.

Keywords:ltalian Alps; milk; cheese; dairy production sysem

Introduction

The ltalian Alps are characterized by a great wargd environments and socio-economic situations,
which are quite difficult to standardize. This ciglesation can be applied also to the dairy sestoongly
linked to old traditions and local resources utian. In the recent past, intensive productiortesys
have gradually replaced the traditional ones, teguln the increase of farm production and incode.
the same time intensification processes causedosmental problems, abandonment of marginal lands
and biodiversity losses (Cozet al, 2006; Gusmerokt al, 2006). Today, the competitiveness of alpine
production systems cannot be based simply on thigyao reduce production costs. It is necessary t
focus on products quality and activities diversifion, as well as on the ability to evoke the putidun
area and its environmental, historical and cultwalues. Alpine production constraints can be
transformed into competitive advantages becaussuooers show a strong interest on modern issues,
such as environmental sustainability, “local idfitproducts and animal welfare. Alpine farms arellw
suited to this production approach which allowsdalize “positive externalities” and consequenty t
access to CAP payments. As a matter of fact Europealiament decisions are oriented to remunerate
management farm choices related to real benefitthéosociety.

Dairy sector in Italian Alps

Alpine dairy farms

Dairy livestock is still a leading sector for agtitiral economy in the Italian Alps, except for iiti@o
Alto Adige region where products diversificatiorspecially fruit and wine - reduced its role. Aault

of the intensification process, dairy farms radicahanged i.e. reduction of farms number, increafse
head number per farm, increase of milk yield pemfaanimal genetic improvement, extra farm resasirce
utilization (Table 1).
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Table 1 — Number of dairy farms (with quotas) ameirt marketed milk yield in mountain area of Italia
alpine regions (Sourc®lilk Observatoryon Ageadata)

1995/96 2009/10

Farm (n.) Milk yield (,000 t) Milk yield/farm (t) Farm (n.) Milk yield (,000t) Milk yield/farm (t)
Region:
Valle d'Aosta 1,585 46 29 993 44 45
Piemonte 2,234 66 29 897 80 90
Lombardia 3,633 128 35 1,814 164 90
Trentino A.A. 9,122 407 45 6,646 512 77
Veneto 3,896 198 51 1,360 206 151
Friuli V.G. 1,265 40 32 408 61 149
Total:
Alps (*) 21,735 885 41 12,118 1,067 88
Mountain 41,270 1,643 40 19,042 1,834 96
Italy 97,044 10,403 107 40,199 10,876 271

(*) Ligurian Alps are excluded

In 2009/2010 milk campaign the dairy farms locaitedhe Italian alpine area were 12,118 (63.6% of
those in Italian mountains and to 30.1% of the fammltaly). Marketed milk yield was 1,067 thousand
tons (58.2% of Italian mountain production and 9.@#talian overall production). In the last decdle
average milk yield per farm has doubled, from 4B&aons/year (Pieri, 2010). In the Italian Alpoab
220,000 dairy cows are farmed (National Livestockdbase, modified) and the average milk yield per
cow is 4.9 tons/year.

Dairy farms present different levels of intensifioa and integration with the territory. In intewsidairy
farms, cattle - mainly Holstein and Brown Swissda® — are bred in loose housing stables located in
valley and fed with hay (also of extra farm origislpplemented by concentrates. Cattle calving is
distributed throughout the year because of indaladidiry plant requirements.

A decreasing number of alpine farms practice thelitional livestock system, characterised by high
altitude pasture utilization during summer, millopessing in small farms and dairy products solf@im
shops. A small number of farms use pasture atrdiftealtitudes to exploit vegetation gradient and
guarantee animal nutrition transition. Traditiogdtbcal sheep were farmed together with cattle svhil
goats for meat production. In recent years goaty darms are not unusual in alpine valleys and the
common breeds atkaanerandCamosciata delle Alpi

Dairy plants and products in Italian Alps

Most of alpine milk is processed into dairy produdh the last century dairy plants in alpine anesie
usually small sized and worked only during winteripd. In recent times the number of dairy plants
decreased and their average size increased, ngsuttisafety and hygiene improvement as well as in
standardization of milk yield and quality. A larpgart of alpine dairy products are included in ttadidn
“Traditional Food Product” (TFP) list (173 totalblpine of 457), while some others obtained Protecte
Origin Denomination (PDO) label. Italian PDO cheesee 37, of which 10 are produced only in the
alpine area and 11 partially. Most of alpine PD@esges are sold exclusively in local markets. Aifipec
initiative to enhance alpine products is the eshbient of the Mountain Products (MP) label; it is
granted to products whose entire manufacturingge®takes place in a mountain area (altitude >n600
a.s.l.). In addition to TFP and PDO cheeses, retaels linked to production area (e.g. “Sudtirol
Quality”) and to single animal breed (e.g. “onlgplian Simmental breed”) have spread. Several other
dairy products are manufactured in the Italian Alpsstly sold in local market and produced with
mixtures of bovine and goat (or ovine) milk.

Factors affecting the quality of dairy products ahé multifunctionality of alpine dairy farm

Dairy products standardization is due to farmingcgices intensification and to industrializationdafiry
manufacturing. The adoption of precise constraimtproduct specification can maintain (or improve)
product-territory relationship, highlighting orgdeptic originality and positive externalities of ida
products. Factors affecting quality of alpine dginpducts can be classified in five main categorigs
production area (e.g. environmental value, toungtortance, etc.); (ii) forage component of aniimigit
(e.g. forage quality and productivity, pasture,.)et@ii) animal (e.g. species, breed, etc); (i@yrhing
practices (e.g. pasture management, concentratplesogntation, animal welfare, etc.); (v) milk
manufacturing (e.g. technology, storage conditiats,). The four first strongly affect also “poséi
externalities” of alpine farms. In recent yearsesal/researches were carried out to provide séiedtta
on subjects listed above, resulting in a great rernalb reviews and meetings (Grappin & Coulon, 1996;
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Peeters & Frame, 2002; Agabred al, 2004; Bialaet al, 2005; Couloret al, 2005; Bovolentat al,
2006; Noziereet al,, 2006; Piano, 2010, Mattielkt al, 2011).

Can PDO cheeses be considered as “local identitytqducts?
PDO label covers agricultural products which aredpced, processed and prepared in a given
geographical area complying with a specific prodyecification. This results in a detailed desaipbf

raw material characteristics, production process @remical-organoleptic quality of product. Thee th
analysis of product specifications for PDO cheedlesvs to verify the use of production features mgk

a product as a “local identity” one, i.e. not refuoible outside the production area and linkedotzall
traditions. In table 2 are shown the main constsa@stablished by product specification for sonpénal

PDO cheeses.

Table 2 — PDO cheeses in alpine area and main corahts established by product specification

Cheese - Label Production area Forage Animal Faymiactice Milk manufacturing
Fontina Valle d’Aosta region regional hay and only Valdostana concentrate whole milk of 1
PDO — MP herbage, breed supplementation: milking,

no silage limitation for single > 90d ripening and

food 90% humidity
Bitto high altitude pasture in pasture and hay (if indigenous cattle and concentrate in loco, whole milk
PDO - MP Sondrio province and necessary) goat breeds supplementation: of 1 milking, goat
neighbouring max. 3kg/d milk <10%,

municipalities

>70d ripening

Castelmagno

3 municipalities in

forage >30% from

several cattle breeds

no constraints

raw milk max. 4

PDO - MP Cuneo province PDO area, no silage (no Holstein), goat milking, goat milk
Castelmagno di and sheep <30%, >60d
Alpeggio ripening
Grana Padano 34 provinces of NE forage min. 75% cattle breeds concentrate raw milk, 1-2
PDO Italy from PDO area supplementation:  milking, >9 months
max 50% ripening
Grana Padano  Trento province and no silage id. id. no lysozyme
PDO“Trentino” some municipalities of
(Trentingrana) Bolzano province
Asiago Vicenza, Trento, no constraints cattle breeds no constraints 1-Rimgi) >20d
PDO Padova (partially) and ripening
Treviso (partially)
provinces

Asiago mountain area of PDO no silage id. id. no lysozyme>30d
PDO - MP provinces ripening
Montasio Friuli Venezia Giulia no constraints cattle breeds no constraints raw méx. 4
PDO region and NW Veneto milking, >60d

region ripening
Montasio mountain area of PDO id. id. id. id.
PDO - MP area

Product specification foFontina PDO cheese is the only requiring tight constrafiots all factors
analyzed, from production area to cheese storageditoans. In particular, it is the only one obligithe
use of a specific breeVgldostan3. As a consequence the breed was not interestékebstrong animal
number reduction affecting all alpine breeds.
Instead, other PDO specifications enhance only sufrttee factors taken into consideration.

Bitto PDO cheese is entirely produced and manufacturddgh altitude pastures of the production area.
However, the use of specialized cattle breeds (maBrown Swisp resulted in concentrate
supplementation on pasture, once not used.
Castelmagnd®DO cheese is produced both in valley and on &itiftude pasture. The origin is specified
on different cheese packaging. In both productspute of Holstein breed is forbidden.

About Grana PadangAsiagoandMontasioPDO cheeses, produced mainly in lowland and imalls
Alpine area, the strategies to improve mountairdpets were different. The first one obtained a gjgec
geographic indication Trentind for cheese produced in the Trento province (ehtiralpine). Both
Asiago and Montasio terms refer to two famous alpine uplands in Veratd Friuli Venezia Giulia
regions, respectively. However cheeses are prodargananufactured largely in lowlands. Therefoee th
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MP label utilization allowed to recognize mount&iom lowland productions.

Conclusions

At present, consumers show a strong interest oovative subjects i.e. link between products and
territory, environmental issues and animal welfdarge challenge is increasing consumers’ capacity to
recognise in alpine products a sete@foir characteristics. The tertarroir was defined for wine sector
by French researches and then extended to othéugirdo identify a production system based on
peculiar environmental conditions, animal ability éxploit local resources and sustainable agricalltu
practices. Although not exhaustive, this analysi®aled that the potentialities linkedtéoroir for Italian
alpine dairy products are not exploited enough. fieeluction area and processing techniques are/slwa
well defined, as results of product specificatimupstraints, while fodder, animal characteristiosl a
farming practices are not enhanced enough.
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Abstract

Norwegian lamb meat production is mainly based ree fgrazing in mountainous pastures during the
summer. Prior to slaughter in the autumn, some $andt big enough for slaughter are finished on e.g.
cultivated pastures. This study looked at the fpaality of different forages, and the effect on lameat
quality. Lambs grazed on mountain pastures at Kaalw Northern Norway (69°N) and Sgr-Fron in Mid
Norway (58°N) in 2007, and a subgroup at each iogawas finished on cultivated pastures for 6 weeks
prior to slaughter in September. The fiber contess significantly higher in the cultivated pasturé/id
Norway compared to the mountain pasture while rferdinces between pastures in Northern Norway
were found. In Mid Norway the content of polyunsatad fatty acid (18:3) was significantly higher in
meat from lambs grazing the mountain pasture coetp&r lamb grazing the cultivated pasture. For
Northern Norway, the opposite pattern was obser¥é@. higher 18:3 content may be attributable to
lower fiber content at the mountain pasture. In gtudy, there appears to be an effect of fiberesann

the fatty acid composition in lamb meat.

Keywords: fatty acids, lamb meat, NDF

Introduction

In Norway, most of the sheep meat produced is baseldmbs slaughtered directly from unimproved
mountain range pastures in the autumn. To reachettemmended carcass weight, lambs below 40 kg
live weight (LW) are finished on cultivated lowlapastures. The level of poly-unsaturated fatty scid
(PUFA), an in particular the omega-3 PUFA are adergid to be positive in the human diet but the
nutritional value of fat in lamb meat is discussgdongst nutritionists. However, feeding systemsehav
shown effects on the fatty acid composition in lamdat and as high levels of the fatty acid (FAlkic
acid (C18:2-6) is related to concentrate feeding (Auroussstaal.,, 2007), high levels ai-linolenic acid
(C18:3-3) is related to grazing. Green plants contain éylels of the latter FA but factors such as the
rate of fattening in the lamb, the age of the laant the level of bio-hydrogenation in the rumehpky

a role in the total level ofi-linolenic acid found in the meat. Unsaturated RAgested by ruminant
animals are hydrogenated to their saturated cquentsrin the rumen. However, the rate of hydrogenat
depends, amongst other things, on the composifisnnoen bacteria, and the composition of the rumen
bacteria depends on the feed that the animalseateThe level of neutral detergent fibre (NDF) is
important in the bacteria composition in the runlerthe present study we examined the effects ofF ND
in pastures on the level of PUFA in lamb meat.

Materials and methods

Two locations, Kvalgya in Northern Norway (69°N°E3 and Sgr-Fron in Mid Norway (84 9°E),
were selected for the study. The experiment wasemtaken in 2007. In Northern Norway, the
experimental lambs grazed on cultivated pasture8®days and in Mid Norway for 42 days before
being slaughtered. Lambs from a control group ahdacation were sent directly to the abattoireraft
being gathered from the mountain pastures. Thergmpet is explained in more details in Lired al
(2009a).

The mountain pastures ranged from 0 to 800 m a@d@ @000 m above sea level for Northern and Mid
Norway, respectively. In the mountain pasture inrthern NorwayAvenella flexuosa, Anthoxanthum
odoratum, Nardus stricta, Vaccinium muyrtillus, Edmper nigrum, Salix genuand ferns were the most
dominating species, representing more than 80%ebtomass. In Mid NorwayA. flexuosa, Agrostis
capillaris, Deschampsia cespitosa, A.odoratamd the herbaceous speciesG¥ranium sylvaticum,
BetulananaandV. myrtillus were the most dominating species, representingoajppately 85% of the
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biomass. The botanical composition and biomaskefriountain pastures were estimated using the point
intercept method described in Brathetral (2007).

The cultivated pastures were dominated by the gsasscapillaris (39%) andElymus repen$45%) in
Northern and Mid Norway, respectively. Other grasge the pastures wereoa pratensis, Phleum
pratense, Festuca pratensasid D. cespitosaThe grasses represented about 90% of all spegiess
samples from the cultivated pastures were colletitemlighout the finishing periods. The samples were
scanned with a NIR spectrophotometer (Foss NIR8ystedel 6500, Silver Spring, MD, USA) to
determine the nutritional value (energy-, proteine fiber content).

Traditionally managed Norwegian Crossbred Sheeg weed in the study. In Northern Norway 40 twin
lambs with a minimum LW of 32 kg were randomly sepad from the flock and brought to the
cultivated pasture for the finishing period. Outluése 40 lambs, 35 of both sexes weighing more48a

kg LW were slaughtered. As a control group, 35 larflom the main flock grazing in the mountains,
with similar LW, litter size, sex and age were stdd and sent directly off the mountain pasturéhto
local abattoir, together with the experimental lamAfter slaughtering, 20 carcasses from each mastu
type were selected for determination of fatty amdposition. The same procedure was followed in Mid
Norway and included 72 male twin-lambs. Fatty amidnposition was tested using one-way ANOVA
analysis with pasture as fixed effect and singlenals as experimental units.

Results and discussion

We did not find any significant differences in tN®F content between pastures in Northern Norway
(Table 1). The NDF content in the cultivated passtimr Mid Norway was significantly higher than the
NDF content found on the mountain pasture. Meanhflambs grazing the cultivated pastures at both
locations had a higher content of palmitic acid 0] while no differences in the content of stearic
(C18:0) and oleic acid (C1&19) were found. In Northern Norway, lambs grazing thdivated pasture
had a lower content of linoleic acid and a highantent ofa-linolenic acid compared to meat from lambs
grazing the mountain pasture. In Mid Norway, largbszing the mountain pasture had a higher content
of both the PUFAs compared to lambs grazing thevetéd pasture (Table 1).

Table 1. Least square means of fatty acids (% ted fat) in subcutaneous fat in lambs and contént o
NDF (% of DM) of different pastures in Northern aded Norway.

Northern Norway Mid Norway
Cultivated  Mountain ~ SEM P- Cultivated Mountain SEM P-

pasture pasture value pasture pasture value
Palmitic acid 27.2 25.5 0.4 ok 28.7 27.7 0.3 *x
Stearic acid 21.2 22.1 0.9 NS 18.9 18.9 0.7 NS
Oleic acid 375 374 0.6 NS 36.7 38.5 0.7 NS
Linoleic acid 1.8 2.6 0.2 i 1.5 2.0 0.1 rrk
a-linolenic acid 1.9 1.5 0.1 wx 1.4 1.6 0.07 o
NDF % of DM 53.9 51.5 1 NS 65.2 53.5 2 ok

NS — non significant; ** P<0.01; ** P<0.001; SEMStandard Error Mean

A higher level of NDF in the feed to ruminants waluse an increased growth and activity of the rume
bacteriaButyrivibrio fibrisolvens a bacterium that degrades the fiber content enrttmen. It is also
found that this bacterium is important in the biahogenation of PUFA to saturated fatty acids (Gt

et al, 2010). Our study showed that meat from lambgiggapastures with a high content of NDF had a
lower content of PUFA in the subcutaneous fat. @ihioet al (2010) found that sheep grazing ryegrass
(Lolium multiflorum), white clover Trifolium subterraneumor a mixture of the species had a higher
activity of cellulolytic bacteria for the bio-hydgenation process. Lambs grazibgmultifiorumhad a
lower level of omega-3 fatty acids than lambs grgZi. subterraneunas a consequence of the reduction
of the linoleic acid to stearic acid. The levelNIDF in L. multiflorumwas significantly higher than that
of T. subterraneumSimilar results were found by Frassral (2004) where lambs grazing red clover
(Trifolium pratensghad a higher level of PUFA in the meat than tfdambs grazing perennial ryegrass
(Lolium perenng In both studies the ryegrass species had a highel of NDF than the clover species.
In a study performed on lambs finished on ryegrdssmultifiorum) or indoor on concentrate and
roughage (Lindet al, 2009b), the level ofi-linolenic acid was higher in meat from grazing bam
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compared to the indoor fed lambs. The level of NBdwever, was higher in the ryegrass than in tted to
composition of indoor feed. The results might be tlu the already high level aflinolenic acid in the
pasture compared to the concentrate diet. Everpierhydrogenation occurred when grazing ryegrass
pasture, the ingested level of this FA was highughato counteract the suggested effect. In theeptes
study, the cultivated pasture had the highest cordé NDF compared to the mountain pasture. This
could be explained by the fact that the cultivgiadture to a large extent consistedeofepensThis is a
species that matures early in the autumn and trerétie high level of NDF was expected. In conttiast
mountain pasture had a large variety of speciessange, e.gA. flexuosathat is preferred by sheep,
develops later in the autumn.

One explanation of the results from Northern Norwayld be that the mountain pasture ranged from sea
level as the cultivated pasture did and it was Meskthat the lambs more often grazed at lowetuakis

in the autumn than during the summer. In additibnvas found that the species composition in both
pastures to a large extent consisted.ofapillaris

Conclusion

Our results suggest that feeds with a high levé\lDf can be one of many factors that might infleenc
the level of PUFA in lamb meat, but lambs grazirgtpres that contain large amounts of PUFA still
have healthier FA composition in meat comparedatols fed concentrate. Producers of lamb meat
should pay attention to the finishing system to &oma healthy lamb meat.
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Abstract

Lambs of two Swiss mountain breeds, Engadine SKESp 27) and Valasian Black Nose Sheep (VS,
27), were fattened for 9 weeks in paddocks allovanglibitum forage intake on the following four
vegetation types: control red/white clover-ryegiays(C) in the lowlands, and three high alpinetypees,
Crepido-aurea Festucetulfr), Geo montani-Nardetur(G) andSeslerieCaricetum sempervirentis).
Initially, ES and VS lambs weighed 33 and 31 kg amae 26 and 18 weeks old, respectively. After 9
weeks, the lambs were slaughtered in a commer@agisterhouse. Subjective grading of the carcasses
according to the Swiss classification system CH-T#aXoured ES across all vegetation types for meat
conformation. In both breeds meat conformation se@ared highest in animals fattened on pasture F.
Breed x vegetation type interactions were founddi@ssing percentage and daily weight gains. There
were increased gains for ES on C and for VS onhadle alpine pastures. Additional breed differences
were found for meat colour, cooking loss and sierae; further vegetation type differences occurfiard
cooking loss. In conclusion, animal breed, alpingzipg and vegetation type on alpine pastures were
shown to influence fattening performance and maatity of lambs.

Keywords: sheep breed, vegetation type, meat guéditening performance, alpine

Introduction

Alpine grasslands are a resource that contribatéiset global food supply mainly by serving as féad
ruminant livestock. Food produced in high alpinei@gdtural systems has been shown to have specific
nutritional advantages (Leibet al, 2005, Adngyet al., 2005). Plant species composition and nutritional
value clearly varies between lowland and alpindyvas but also within different alpine vegetatigpds,
which may also affect product quality (Falcheralket 2010). The level of adaptation of ruminantda®

to the specific alpine dietary, climatic and togaggtic conditions may differ and thus result in elifnt
coping abilities and quality of animal-source foptbducts. The aim of the present study was to
investigate the effects and interactions of sheepdand vegetation type on fattening performamcke a
meat quality of lambs.

Material and methods

The breeds selected, Engadine Sheep (ES; 27; tealstrales) and Valasian Black Nose Sheep (VS; 27,
castrated males and females, 4:3), originated fidfarent mountainous regions of Switzlerland. All
lambs first grazed together a lowland (400 m &.sdd/white clover-ryegrass ley for one month
adaptation period. The initial live weights were7338.5 kg and 30.8+3.0 kg and ages were 26+2 and
18+7 weeks for ES and VS, respectively. Afterwathls,lamb were allocated in groups of seven (one ES
and one VS group with six only) to the followingufopastures consisting of different vegetation $ype
control lowland pasture (C; located besides thdupasused for adaptation), an alpi@eepido-aurea
Festucetunpasture at 1950 m a.s.l. (F), an alpB®o montani-Nardeturpasture at 2250 m a.s.l. (G) and
an alpineSeslerieCaricetum sempervirentigasture at 2150 m a.s.l. (S). The lambs on eaghtagon
type were fattened for 9 weeks in paddocks dftra size (depending on the productivity of tHésdent
pastures) allowingd libitumintake and were slaughtered immediately aftermefiiom the pastures in a
commercial slaughterhouse where subjective gradiinge carcasses for conformation (from concave to
convex animal profile) and fatness (from no fat erovo over fattened) according to the Swiss
classification system CH-TAX was performed. Meaalijy analyses were conducted on teasculus
longissimus dors{LD) after ageing for 25 days at 4°C in sealedsbddeat colour was analysed with a
Minolta photometer (model 300 CR, Dietikon, Switaed) operated with the L*a*b* principle, giving
values for lightness, redness and yellowness ofrtbasured meat pieces. Cooking loss was analysed by
weighing meat samples before and after 45 min okiog in sealed bags in a water bath at 72°C. Shear
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force was analysed with the Warner Bratzler shiateomounted on a texture analyser in the cooked LD
Data was subjected to analysis of variance corisgldireed, vegetation type and the interaction as
effects.

Results and discussion

Breed x vegetation type interactions were foundafeerage daily weight gaiP€0.002) and dressing
percentageR=0.028). ES gained more weight on the lowland pastuthan VS while this was opposite
on all three alpine pastures (F, G and S), indigati better adaption of VS to the sparse but more
biodiverse mountain pastures and of ES to lowlaastyyes with high density of well digestible grass.
The VS consistently had a lower meat conformati®r0(001) and fat coveiP&0.001) than ES when
applying CH-TAX. Both breeds had the highest maatfarmation and fat cover on alpine pasture F
followed by the lowland pasture C. Significant ldedifferences were found for dressing percentage
(P<0.001), shear forcd?€0.006) and cooking losséB<0.018). Across all four vegetation types, the VS
had a lower dressing percentage (36.6, 37.4, 3&188.6 %) compared to ES (42.1, 45.9, 41.2 an@l 42.
%). Furthermore VS showed continuously lower sHease of the meat (52.5, 59.3, 59.9 and 56.6 N)
than ES (60.5, 73.1, 65.4 and 60.8 N) and highekiog losses (20.9, 21.0, 25.7 and 24.4%) compared
ES (19.6, 19.4, 22.8 and 22.3%) on the vegetayipestC, F, G and S, respectively. Thus it appémats t
lamb meat had higher cooking losses and seemeal rwobe tender when carcasses had a lower fat cover.
Safiudoet al., (2000) also found the highest cooking losses mblaneat that had either the lowest or
highest fatness cover, while moderate fat cover pemitively correlated to cooking loss. It seemst th
evaporative losses may be facilitated due to thk td protective fat layer. In the present studyeep
breed seems to have a stronger effect on meatrtewethan fat cover and the often reported pesitiv
correlations of fat amount/cover and meat tendar(Babikeret al.,1990, Safudet al 2000) were not
found. It has to be stated that the observatiorthéncurrent study described in this context migjkb
have been random breed-specific characteristicski6g losses were highest in meat from pasturerG fo
both breeds (22.8 and 25.7 % for ES and VS), arat ofeboth breeds was most tender when originating
from the lowland pasture (19.6 and 20.9 % for E8 ¥8), indicating that vegetation type and related
nutritional characteristics have a clear effechmat cooking losse®£0.001) and a trend for vegetation
type differences was found for meat tendernés0.079). VS had slightly less tender meat but of
comparable texture on the three alpine pastures,(5®.9 and 56.6 N on F, G and S) compared to
lowland (52.5 N), while meat of ES showed cleafedénces in tenderness between the three alpine
pastures (73.1, 65.4 and 60.8 N on F, G and S). Meaur is an important factor influencing the
acceptance of meat by consumers. In Switzerlagtt lied to red lamb meat colour is preferred by
consumers (Konsumentenforum 2011). Meat colour stramgly influenced by sheep breed as the meat
was lighter P<0.001), less redP<0.001) and less yellowP&0.001) for VS compared to ES throughout
all vegetation types. Consumers may therefore fiatfwailight lamb meat from VS more than the reddish
meat from ES. This breed difference in colour wias aasily observable by simply looking at the meat
Meat colour was further influenced by vegetatiopety although to a lesser extent. Lightness and
yellowness were highest for both breeds on alpastuse G.

Conclusions

The breed x vegetation type interaction in averdg#y weight gains and the breed differences in
subjective carcass grading indicate that therediffarent level and type of adaptation of the twreeds

to mountain pastures. VS appear to be the lessasftibut also the less demanding breed copingtbett
with the sparse but more biodiverse alpine past@escerning meat quality, all parameters measured
were significantly affected by breed, while vegetattype differences were only significant in case
meat colour redness and cooking losses. Thus, atimetype selection and breed choice are important
factors that influence meat quality and fatteniegf@rmance and therefore have to be consideredigluri
implementation in pasture-based fattening systems.
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Abstract

A survey was conducted to study the effect of dernposition on milk quality production in 12 dairy
farmers located in different regions of Sidi Bou@Zentral Tunisia). Two groups of 26 (G1) and 22)G
multiparous and homogeneous cows were managegasase herds for this purpose. The G1 group was
fed with a ration (R1) including 60% concentratel #09% oat hay. The G2 group received a ration (R2)
with 40% concentrate, 30% oat hay and 30% cerealvstChemical composition of different diets (R1
and R2) in terms of dry matter (DM), crud protef®P) and crud fibre (CF) contents, energetic value
(UFL) and intestinal digested protein (PDI) weredstd using the NIR technique. Milk samples were
collected separately from all of the dairy cowsboth groups from early to mid-lactation. Milk and
chemical composition (fat, protein and urea contevds studied using the integrate milk machine.
Changes in dietary composition (R1 and R2) had igoifcant effect on milk yield, protein, urea
contents and somatic cell counts. However, whenscawre fed on R2, milk fat content was higher
(P<0.05) than that produced from cows fed on R1.

Key words: dairy cows, ration, concentrate, mift, protein.

Introduction

The problem of milk production in the Mediterraneara can be examined in relation to its contrdouti
to the human food supply and its role as an eleroktite agricultural economy. The development of
milk production from cows in these areas would tiyelaelp the supply of high nutritive value protein
To meet the population demand for dairy productgnidia has always given high priority to the
development of local dairy production. The bulktioé cattle is local and grade cattle owned by small
farmers with little or no land. More than eighty pent of dairy producers have less than 5 cowshaifd

of them have a farm size less than 5 hectaresg@ftif Livestock and Pasture, 2008). Like in most
developing countries, dairy farming in Tunisia ingrally carried out at the smallholder level. Such
sector has always been given a high priority tadase the domestic production of milk, raise small
holders’ income and improve their livelihood whiteeeting the rising demand of the population foidflu
milk and dairy products.

Milk yield and composition traits were found seiveit to management system and production
environment (Rekik et al., 2009). With this regate objective of this study was to evaluate ttieotfof
concentrate and roughage (hay/straw) ratio on yidid and composition of dairy cows conducted under
landless breeding system.

Material and methods

Data were collected from twelve cow farms locatedlifferent sites of Sidi Bouzid (Central Tunisia)
during March-April 2005. Farms were chosen mairmy fresence of crossed breed (Local x Holstein)
and the lactation stage of the cow (pick of laotati30-50 days post partum). Herd sizes rangingdsst

1 and 7 dairy cows and farm size varying betweand2 ha. A structured survey was designed toatolle
herd data on small scale dairy farms. The surveglited two main parts. The first was addressedh¢o t
farmers (age, education, farming experience,..)famd characteristics (location, size, land tenuarejor
activity, land use, crops, etc.). The second pealtdvith herds (size and management, feedingesfies,
milk yield, etc.).

Two groups of 26 (G1) and 23 (G2) multiparous aochdgeneous cows were managed as separate herds.
The G1 group was fed with a ration (R1) includir@® concentrate and 40% oat hay. The G2 group
received a ration (R2) with 40% concentrate, 30%has and 30% cereal straw.
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Chemical composition of different diets (R1 and RR2)erms of dry matter (DM), crud protein (CP) and
crud fibre (CF) contents, energetic value (UFL) amdstinal digested protein (PDI) were studiechgsi
the NIR technique.

Data on 49 cows were collected. Individual milklgiand chemical composition were determined. Milk
production was determined according to the methroggsed by Ricordeau et al. (1960) using oxytocin.
Cows were handily milked twice a day and samplesewaken out in plastic flasks containing 1 mg of
bicromate in order to avoid any possible fermeatatf the milk. Samples were then immediately
transported to the laboratory for analysis of faitein and urea contents using an integrated milk
machine (Combifoss 5300, Foss Electric, Denmark).

Based on the feeding strategy, herds were claddifte two groups. The first one receive a totdilora
concentrate (60%) and oat hay (40%). The secongpgreceived concentrate (40%), oat hay (30%) and
cereal straw (30%). Effect of concentrate roughatje on chemical composition traits (fat, protainea
and somatic cell counts) and milk yield was studigdone way analysis of variance (Steel and Torrie,
1980). The statistic significance of the differenbetween means was assessed using the Duncan test.

Results and discussion

Chemical composition of tested feedstuffs is presknn table 1. Cereal straw and oat hay are
characterized by low CP and high CF contents. Ligewboth feedstuffs are energy deficient (0.4&0.5
UFL/kg DM). In our present study concentrate wderefd between 40 and 60% to balance the ration and
meet animal requirements particularly under largdlbseeding system. Survey results revealed that
average flock was comprised between 3 and 7 codghafarm size was usually less than 2 ha. This
would justify the excessive use of concentratedairy cows. This called landless breeding system is
recently introduced in Tunisia mainly in Sfax andcaiMia where farmers had not milk production
tradition. Actually more than 80% of national mitkproduced in these costal regions.

Table 1. Chemical composition of experimental diets

Feedstuff DM (%) Crud fiber (%) CP (%) UFL/kg DM) PDIN (g/kg DM) PDI (g/kg DM)
Concentrate 88 3 18 1.13 123 128
Oat hay 83 40 7 0.55 45 59
Cereal straw 82 42 5 0.48 30 50

Results on milk production and chemical compositoa presented in Table 2. With the exception of
milk fat content, apparently diet composition hamt significant effect neither on milk yield nor on
chemical composition. This result is in discrepanayh that reported by Gaafar et al. (2009) who
recorded a significant effect of concentrate rogghieatio on both milk yield and chemical compositio
of dairy buffaloes.

Although it was not statistically significant, cowsceived R1 (60% concentrate) had higher milk
production than group received R2 (40% concentralijects of concentrates increase on milk
production are attributed to a quick and phasicaftaion of non-structural carbohydrates in theaum
reducing dramatically the rumen pH and altering #meount and composition of microbial protein
synthesis and limiting the degradation of strudtoaabohydrates (Bocquier and Caja, 2001).

Table 2. Milk production and chemical composition.

Feedstuff Milk yield Fat content Protein Urea content Somatic cells counts
(kg/d/cow) (%) content (%) (mg/100 ml) (10°)

R1 22.3 4.2 2.9 28.7 6.92

R2 20.0 54 3.0 29.2 7.54

aPyvalues in the same column with different letteiféed significantly (P < 0.05).

However, the increment of concentrates to 60% tiomawas traduced by a decrease of all traits of
chemical composition. It seems therefore that atieg correlation is established between milk yighd

milk composition (Fuertes et al., 1998).

In accordance with findings of Moujahed et al. (@Q0ncreasing concentrate ratio had a negative and
significant effect on milk fat content (Table 2uc® variation observed in milk fat can be attrilbute
changes in fatty acids produced in rumen fermesrtatinen concentrate in the ration exceeds 40%.

More precisely, the higher the ratio of acetatprtupionate in the rumen, the higher the fat conbénhe

milk will be (Snowdon, 1991). These results wer¢ supported by Gaafar et al. (2009) who reported a
significant increase of milk yield and fat conteftbuffaloes when concentrate ratio was increagetbu
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60%. It appears therefore that other external andternal factors are in cause. Manipulation df fa
content and its nature in the milk to manufactuegtds sub-products is an important process asked by
consumers. This is more and more important botm faonutritional side (omega-3, CLA) and to achieve
some specifications (soft butter to be spreadgfist being taken from the fridge, raw milk cheese)

Fat content was almost 1.5 times higher than #yaonted by Awadesh (2009) and in close accordance
with those carried out by Dang and Anand (2007)is Tesult confirms that fat is more sensitive to
feeding strategies than other components of milkreasing concentrate ratio in the R1 diet wasuted

by a significant decrease of fat content. For lgthups fat content (4.2 and 5.4 %) was higher than
average national value recorded for Holstein cadve%) (Office of Livestock and Pasture, 2008). This
can be attributed to the higher concentrate prapoih both diets tested.

Irrespectively of feeding strategy, the values dfknprotein content were lightly lower than those
recorded for Holstein cows (3.15%) under the Naiorecording system and raised according to
conventional production systems (Office of Livestamd Pasture, 2008). This can be partly attribted
the low dietary energetic supply. Indeed, forageshe basal diet have low nutritive value and ave n
adequately supplemented with concentrate feeds a@dgo the requirements of the cow. Moreoves it i
noteworthy remember that cows during experimengaiopl were at pick of lactation (30-50 days post-
partum), a stage when milk is mainly poor in pret&imilar results were reported in the literateiter

for cows (Dang and Anand, 2007; Awadesh, 2009 uffialbes (Gaafar et al., 2009).

Milk urea concentration was not affected by conest ratio and it was proved to be increased
significantly during late lactation stages (Dhalag, 2006).

With respect to somatic cell counts (SCC), valuesmaintained higher under both feeding strategies
(Dang and Anand, 2007). The manual milking prasti@md human interference under the rural
conditions of the studied breeding explain partfytlee higher SCC. The reasons for not following
procedures like regular screening of udders or pukting teat dipping were found to be due to low
awareness levels and economic reasons (Dang andlA2@07). Major concern under rural conditions is
that even the minimal values of milk SCC are onhtigher side indicating that mammary gland is under
stress in these conditions. Additionally, more urflof milk SCC not only disrupts the mammary
epithelium but also decreases milk quality (Singd ®&ang, 2002) which in turn leads to lower returns
Several of these issues can be addressed if wabirdo link milk quality with payment using diftant
milking systems. As prices of concentrate feedsstimoimported from outside the country are
substantially increased and milk price has remane&tively steady, the paid price for milk has dmee
nowadays the major limiting factor for farmers’ eewme under landless systems. It appears therédfare t
improved feeding strategies and management praciideresult in a better efficiency and an incregs
productivity.

Conclusion

The use of proportion of concentrates in diets éighan 40% of dry matter may depress both the milk
fat and protein contents during the first month$aofation. Milk quality seems to be affected nolydoy
feeding strategies but also by breeding conditam$mainly by milking procedures.

A balance between practices able to increase nidld yand to increase the milk protein content are
urgently required.
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Abstract

Sheep breeding represents one of the major econseaiors in the studied areas, and the permanent
pastures represent the only forage for these asimais study took place in Banat's Mountains,ha t
South-West Romania, on permanent pastures locatedceen the altitude of 236 — 1300 m. The weather
conditions are different depending on the altitudetween 236 — 700 m, the rainfall quantity ranges
between 400 — 700 mm, and at the levels of 80000 13 it represents 800 — 1200 mm. The observations
were performed during a three-year period, ondbntsheep farms, located at different altitudel¢eve
The objectives of our study were to evaluate tHftuémce on permanent pastures of the ecologic
conditions at the different altitude levels. Praikity and quality of forage, as well as the diyabf
sheep products were investigated. In this viewpdin@ mean dry matter yield of the pastures dirhes

by 87 kg/ha for each 100 m altitude increaB&1(=9*10%x?% 23*10 %x + 1.7618, B = 0,86. In the
case of the altitude level studied, we observertatgrariation of the daily weight gain, between2B33-
68.57 g/day. The highest daily weight gains weorded between the altitude limits of 630 — 720 m,
with values ranging 51.04 and 68.57 g/day.

Keywords: permanent pasture, altitude, sheep ptmuc

Introduction

Productivity and quality of permanent pastures frbith and mountain regions, located at different
altitude levels, are strongly influenced by theotibifactors, respectively by land topography alimatic
factors. This may explain the yield differences #maldiversity of floristic composition betweenfdient
types of pastures, located at similar altitude leve

In many altitude regions, the pastures representitbst important resource for animal feed, espgcial
for sheep. Animal products from grazing are oftemanly agricultural incomes to households.

This work presents the results regarding proditgtiforage quality and animal-based product quatit
the Occidental Carpathians mountains in Romaniantaltitude comprised between 240 and 1300 m.

Material and methods

The researches were carried out on permanent pastof the Banat's Mountains (Occidental
Carpathians), in 13 localities located betweenadhi¢ude levels of 236-1300 m, in some family farms
with sheep farming as the main activity.

In order to determine pasture yields and the fliarisomposition, between 2005 and 2009, we delinite
with a fix fence an area of 200 m?, in each fammfoiur repetitions. Surface delimitation was maftera
the uniformity degree of floristic composition.

The determination of forage biomass yield was perédl in each farm, by cutting, at the beginning of
earring of the dominant gramineae species.

The carrying capacity was determined accordingastyre yield, to the duration of the grazing period
and also in concordance with the pastoral valug @ng with the specific contribution of each plant.
Determination of animals productivity was perfornieevery year of study on an effective of 100 ghee
used for both meat and milk; we measured their tedtjthe beginning and the end of grazing periatl a
milk production was measured daily.

The diversity of species, given by their frequenaog specific contribution, was determined with tiedp

of the double meter method, described by Dagetarissonet (1969).

The chemical content of pasture forage and of esgpeties was determined with specific laboratory
analyses, and the specific relative coefficientsat(tdetermine each species or each plant group’s
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influence on forage quality) were determined acicgydo the relationship established by Lambert and
Peters (1985).

Results and discussion

Permanent pastures’ yield is influenced by climabaditions and also by the floristic structuretlod
vegetal cover. The latest may explain the diffeesnavailable in altitudinal regions with very small
amplitudes (below 100 m), where the yield and $liicicomposition are much different.

Table 1. The dry matter yield and carrying capasityaltitudinal level 236 — 1300 m
Carrying capacity (CCU/hH)

Altitudinal level (m) DM (t/ha) depending on the area of depending on the yield depending on the
grassland and the number DM and grazing period pastoral value
of existing animals
236 — 400 2,29-2,49 0,18 -0,61 1,20-1,30 0,49-0,85
450 — 650 1,56 - 2,15 0,17 - 0,59 0,93-1,29 0,18 -1,04
700 - 1300 121-2,31 0,05-0,63 1,20-1,76 0,12 -0,92

DCcCcuU- cow calf unit

At the altitude level studied (236 — 1300 m), pestyield was 1.21-2.49 t/ha dry matter (Table @)the
case of the pastures located on lower hills (betv&36 — 400 m altitude), where we obtained the dstyg
yields, the yield difference between the extremats is only 0.20 t/ha, compared with 0.59 t/ha@ha
case of the high hills (450 — 650 m) and with 1t/h@ DM on the sub-mountain pastures (700-1300 m).
If we consider only the animal livestock existingthe households from the studied region, then the
animal load between the altitude levels of 236-1801% very reduced, respectively 0.05 — 0.63 CCU/ha
If we consider the potential pasture yield anddbeation of the grazing period (ranging betweerl 98-
daysl/year), the carrying capacity ranges betwe@® % 1.76 CCU/ha. Also, the pasture quality
(expressed as pastoral value) determines the flgpwarrying capacity classification: 0.49 — 0.85
CCU/ha on lower altitude pastures (236-400 m), betw0.18-1.04 CCU/ha on high hill pastures (450-
650 m) and between 0.12-0.92 CCU/ha on sub-mouptstures (700-1300 m).

Figure 1. Correlation between altitude (m) and DM&)
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The relationship between altitude and pasture ygeliven by a significant coefficient of corretati(r =

- 0.927 ***),

On the permanent pastures where technological aragin works are not usually applied (no fertitzze
no oversewing), the climatic resource is the oaltdr that influences both yield level and forageliy
(Table 2).

The unitary dry matter efficiency, expressed as @Mntity obtained with 1 mm rainfall recorded dgrin
the vegetation period, ranged between 2.73 and EgORM/mm, with a general mean of 3.86 kg DM
/mm.

154



16" Meeting of the FAO-CIHEAM Mountain Pastures Network
Contribution of mountain pastures to agriculture and environment

Table 2. Influence of climatic conditions on thetary dry matter efficiency and specific consumptuf
permanent grasslands

Altitudinal level (m) Unit of produced dry ~ The water consumption Unit of produced dry The heat constant for
matter, per mm rainfall ~ for producing one unit of matter per degree Celsiusproducing one unit of dry
(kg DM/mm) dry matter (mm/t DM) (kg DM / 1°C) matter” (°C/t DM)
236 — 400 4,24 - 5,02 212 — 247 0,73-0,79 1280 — 1683
450 — 650 2,84 -4,04 250 - 373 0,50 - 0,69 1483 — 2037
700 - 1300 2,73-4,16 251 - 376 0,50-0,73 1385 -2117
CV % 18,03 19,33 15,58 16,01

YUseful daily average temperatures€5

The most reduced specific water intake was recoridethe lower altitude regions (236-400 m),
comprised between 212-247 mm / t DM, compared wighhigher regions (of over 450 m), where the
specific intake was 250-376 mm / t DM.

The thermal resource, given by the warmth quarifgh daily mean temperatures 36) accumulated
during the vegetation period, for the high altitleleels, represents a factor that limits pastuoslpction.

So, on the altitude level studied, the unitary wrefficiency decreases from 0.73-0.79 kg DM1o
0.50-0.73 kg DM/4C, with a general mean, for the entire altitudieakl, of 0.65 kg DM/4C.

The useful thermal constancy recorded a dramatiredse from the pastures located at 236-400 m (with
1280-1683°C/t DM), to the pastures located in higher regiamsnprised between 700-1300m, with an
index of 1385-2117C/t DM.

Figure 2. The diversity of floristic composition gfassland on the altitudinal level 236-1300 m
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The floristic variability of structure (CV%)

Poaceae Fabaceae Other botanical
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Grad of roofing 27 79 26
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The number of botanic species within pasture véigetavas much differentiated, respectively betw8en
and 21. The biggest number was recorded in theigastocated at altitudes of 236 m (21 species) and
630 m (19 species), and the smallest at the adtitudd 462 m and 650 m (9 species). According to the
forage value of the botanic families, the numbespé#cies ranged between 2 and 4 per associatibe in
Family Poaceae between 1 and 3 in the Famiiabaceaeand between 5 and 16 species in the group
wother botanic families”. The variability coeffigie determinations prove the high-degree variatiotihe
number of species (between 31-43%) and of the oayeegree (between 26-79%) (Figure 2).

The results of the chemical analyses performedarddgg the association of botanic species available
within the floristic structure of the pastures $tal] showed that the chemical composition of thrade
from all the 13 pastures is rather balanced, witlhlkdifferences between the altitudinal regional{lé

3).
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Table 3. Chemical composition of the feed from pamant grasslands

Altitudinal level CP CF P Ca Ca/P K
(m) (%) (%) (%) (%) (%)
236 — 400 13,49-14,03 21,06-22,55 0,35-0,38 0,44-0,46 1,19-1,31 1,57-1,73
450 - 650 13,92-14,52 20,89-21,73 0,38-0,42 0,46-0,58 1,22-1,38 1,69-1,78
700 - 1300 13,94-15,37 0,41-22,31 0,41-0,47 0,55-0,68 1,28-1,45 1,76-1,86

The nutritive value of the forage from permanerstpees is determined by the chemical content afi eac
species within the floristic structure. Each spg&ooentribution to the achievement of forage qyatitay

be made evident by the determination of specifiating coefficients, for each element or qualitdén.
Compared with the species grouped in the categuthey botanic families”, the species belonginghi t
FamiliesFabaceaeand Poaceag with their reduced percentage of participatiorihia floristic structure
(below 12%), present a reduced contribution toatigievement of forage quality, although they have
mineral composition that is higher than the on¢hef other species. According to the data presdnted
Table 4, we may conclude that the high specificffament values of some species belonging to the
category ,other botanic families”, similar with tlhevel recorded by the species belonging to theillfam
Fabaceae condition the nutritive forage value in the pemmat pastures studied. In this viewpoint, we
did not observe any significant differences betwienl3 pasture types located at different altifedels
(Table 4).

Table 4. Assessing the chemical composition origbé by specific relative coefficients

Altitudinal level Floral structure CP CF P Ca Ca/P K
(m)

Fabaceae 1,62-1,71 0,76-0,88 1,45-1,91 3,11-5,14 1,98-2,20 1,26-1,46

236 - 400 Poaceae 0,91-1,06 0,80-1,36 0,70-1,16 0,80-1,18 0,87-1,14 0,82-1,03
Other botanical families 0,75-2,36 0,54-1,17 0,71-1,51 1,00-3,48 0,87-2,72 0,95-1,63

Fabaceae 1,50-1,69 0,79-0,84 1,34-1,76 2,75-3,63 1,88-2,50 1,25-1,46

450 — 650 Poaceae 0,92-1,00 0,82-1,42 0,68-1,30 0,61-1,25 0,56-1,05 0,80-1,05
Other botanical families 0,68-2,23 0,31-1,42 0,62-1,42 0,78-3,48 0,87-4,31 0,76-1,61

Fabaceae 1,42-1,66 0,77-0,86 1,34-1,47 2,03-3,20 1,78-2,25 1,20-1,33

700 — 1300 Poaceae 0,88-1,11 1,10-1.42 0,55-1,24 0,49-0,96 0,63-1,13 0,76-1,02

Other botanical families 0,62-1,58 0,68-1,12 0,55-1,31 0,54-2,41 0,58-4,28 0,76-1,60

Sheep breeding represents one the main occupatidhs population living in the regions studieddan
the permanent pasture represents the only forageinee for these animals.

On the altitude level of 236-1300 m, we recordedreat variation of the daily mean meat growth,
between very wide limits, namely 23.25-68.57 g/dHye biggest daily mean growths were obtained in
the pasture region of 450-650 m altitude, with ealwf 37.38-68.57 g/day. The meat growth obtained
during sheep grazing period had values of 3.727LRdgindividual. In this viewpoint, like in the ca®f

the daily mean growth, the biggest values wererdszbin the region of high and sub-mountain hills,
between the altitude limits of 450-1300 m. Becahsgeentire milk quantity is processed as ewe chigese
each household, we may consider that the valubigfiridex, reported to 100 milk sheep, represemts a
important economic index of differentiation. Frohistpoint of view, the biggest amounts were obtine
on the pastures located at smaller altitudes, 286+, where we recorded between 1200-1804 kg
cheese/100 sheep, compared with the region of suain pastures (700-1300 m), where the yield
limits were between 908 and 1288 kg cheese (Tgble 5

Table 5. The sheep production from grazing altitalzone between 236 — 1300 m

Altitudinal level (m) The daily mean meat (g/day) heTweight gain The quantity of cheese at 100 sheeps during the
(kg/individual) grazing (kg)
236 — 400 35,64 — 36,72 6,06 — 6,61 1200 - 1804
450 - 650 37,28 — 68,57 6,34 — 10,97 609 — 1580
700 - 1300 23,25 -64,33 3,72-10,29 908 — 1288
CV % 29,13 29,50 18,21

Sheep milk quality, given by milk’s chemical comitios, recorded some variations according to alétu
and the nature of indices determined. So, the sstalbriations were recorded in the case of theecfat
content, crude protein and lactose, and biggeatians (CV > 9 %) were obtained at the level of gom
chemical elements from milk (P, K, Ca, Mg, N).

On the whole, we may conclude that, for the algtlelel studied (236-1300 m), sheep milk’s chemical
content belongs to optimal quality categories, widlty reduced variations between the three altitude
levels.
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Table 6. Chemical composition of the sheep milk

Altitudinal Crude fat Crude Lactose P K Ca Mg N
level (m) (%) protein (%) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
(%)

236 — 400 7,79-7,92 5,54-5,69 4,52-4,59 5,44-6,31 0,64-1,25 0,87-1,04 0,17-0,19 0,82-0,89

450 — 650 8,04-8,69 5,46-5,68 4,21-4,33 5,22-6,28 0,51-0,75 0,78-0,92 0,13-0,17 0,63-0,74

700-1300 7,15-8,99 5,57-5,94 3,99-4,21 3,81-5,46 0,56-1,03 0,86-1,04 0,15-0,17 0,63-0,67
CV% 5,97 6,54 4,30 14,91 31,34 9,50 9,27 11,87

Conclusions

The vyield of the permanent pastures located altitadinal level of 236-1300 m was comprised betwe
1.21-2.49 t/ha DM and the carrying capacity (acowydo the pastoral value) was between 0.12-0.92
CCU/ha.

The climatic resource of the region studied deteesithe achievement of 1 t DM with a consumption of
212-376 mm rainfall water and 1280-21%C7warmth.

The nutritive value of the forage from the pastustisdied is mainly determined by the chemical
composition of the species belonging to the graatper botanic families”.

Sheep productions (meat, milk) record rather bigatians between the altitude levels studied.
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Abstract

The objective of this study was to compare the ¢noand meat quality of feedlot lambs with lambs
grazing on mountain pastures. The experiment waerneken in the region of Tunisian Centre-West
with 21 Barbarine lambs divided into three grou@me group (GMP) was conducted on grazing
mountain pasture with a dominancefstemisia herba-alband containindRosmarinus officinalissheep
received daily 400 g of concentrate per lamb. e dther groups were conducted on feedlot (FL) with
oat hay ad-libitum and 800 g of the same concentraly (FL-C) or control plus 200 g of fresh foleagf
aromatic plants (FL-AP) of pasture. At the endhaf &xperiment, all lambs were slaughtered.

Sheep of all groups had an average daily gain 6f d6All carcasses contained the same quantity of
muscle and fat. The average daily fat and musciesgaere 44 and 58 g, respectively. Significant
differences between the groups were found onlynitial pH with 7.3 for GMP group vs. 6.9 for bo
ones (p<0.05). Differences in colour parametersewet significant; although GMP sheep had higher
redness value (17.1) than FL sheep (15.6). Sinadéres were obtained for L (36.3) and b* parameters
(7.2). Differences in sensory traits were small amad significant. Generally, the meat lamb was
considered tender and juicy. In conclusion, moungaisture resulted in the same growth in spitdef t
half quantity of concentrate without difference fprality traits.

Keywords: Sheep; Grazing; Feedlot; Growth, Mealityg&Carcass characteristics

Introduction

In the Mediterranean area, sheep feeding is basedatural resources, range land and stubble. The
availability of such resources is uncertain inyaars. However, some systems of feeding management
were developed in this region; Thus, the fattenbpgration is based on concentrate. However and
particularly in good years, grazing is availablenwhole parts during a short period (3 to 4 monihs)
spring. Grazing natural fallow, Barbary lambs resthslaughter age (6 months) with a higher
slaughtering weight and less carcass fat than dééathbs fed on hay and concentrate (Atti and Alidou
2001). Furthermore, meat of lambs grazing on madnrgastures is often considered to be of superior
quality (Adngy et al., 2005). The objective of tBisidy was to compare the growth and meat quality o
feedlot lambs with lambs grazing on mountain p&st({r50 m above sea level).

Material and methods

The experiment was carried out at INRA experimefdain of Ouesslatia (region of Tunisian Centre-
West). A total of 21 fat tail Barbarine lambs wasdomly divided into three groups. One group grazed
on mountain pasture (GMP) with a dominance of Arsgmnherba-alba and containirigosmarinus
officinalis. These sheep received a daily supplement of 400 @pncentrate per lamb. The two other
groups were conducted on feedlot (FL) with oat &dyibitum and 800 g of the same concentrate only
(FL-C) or control plus 200 g of fresh foliage ofoaratic plants (FL-AP) of pasture (Artemisia and
rosemary). At the beginning and the end of expeantniambs were weighted and some tail measurements
were taken to calculate fat and muscle mass at bi@ifpes (Atti and Ben Hamouda, 2004). At the
experiment end, all lambs were slaughtered. Thevpbl determined on Longissimus dorsi (LDyscle

at slaughter and 24h post-mortem with a penetratitegtrode connected to a portable pH-meter.
Carcasses were dissected and samples of muscleek®taken for analysis of meat characteristics and
sensory tests. Color variables (L* (lightness), (e#dness), b* (yellowness)) were measured using a
Minolta CR 400 color meter. For sensory analysasn@es of LD were roasted in aluminum paper in a
pre-heated oven at 180°C and samples of neck weled as a Tunisian sauce in boiling pot, and then
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presented to 7 panelists to evaluated each saraplthé tenderness (scale 1-10; 1=extremely tough,
10=extremely tender), juiciness (scale 1-10; 1=awtly dry, 10=extremely juicy) and flavor (scal&Q@;-
1=very poor, 10=very good).

Data concerning sheep growth, carcass and meatyquate analyzed using a one-way ANOVA design.
Statistical analysis was carried out with the GLhMdedures (SAS, 1987). The following contrasts were
used to compare the effects of the different diets:

(GMP) vs. (FL-C + FL-AP): effect of grazing (C1)

(FL-C) vs. (GMP + FL-AP): global effect of aromaspecies (C2)

(FL-C) vs. (FL-AP): effect of aromatic species ib (€3)

Results and discussion

During the whole period, sheep of all groups hasihalar weight gain of 11 kg, which equivalent to a
average daily gain of 160 g and slaughter BW o7 4. However, carcass weight and consequently the
dressing percentage were higher for GMP group thath FL ones (Table 1). So, with the halve
concentrate quantity, grazing sheep had similawvtirdout higher carcass than FL, which confirmedeoth
findings on better efficiency of grazing systemt{and Abdouli, 2001; Nuernberg et al., 2005).

Table 1. Body weight (BW) parameters, carcass weigt dressing percent (DP)

Group FL-C FL-AP GMP p C1 Cc2 C3
Initial BW (kg) 30.2 32.3 31.2 ns ns ns ns
Final BW (kg) 42.6 425 43.3 ns ns ns ns
Daily gain (g) 176 147 173 ns ns ns ns
Empty BW (kg) 35.7 35.8 38.4 * *x ns ns
Carcass (kg) 195 19.4 21.1 * ns ns ns
DP (%) 45.8 45.6 47.9 i * ns *

*FL-C: Feed lot group GMP: Grazing group FL-AP: @éet group receiving aromatic plant

Carcass composition was similar for all regimehsythad the same proportion of muscle and fat €rabl
2). In other researches, the fat proportion has lbeduced in grazing lambs compared to FL ones (Att
and Abdouli, 2001; Nuernberg et al., 2005). Theraye daily muscle gain was 63 g for GMP group and
56 g for both FL ones, without significant diffecen but average daily fat gain was 44 g for allug
Differences in colour parameters were not significalthough GMP sheep had higher redness value
(17.1) than FL sheep (15.6) and the contrast 1sigasficant. Similar values were obtained for L &d
parameters (Table 2). Ultimate pH was similar fbgeoups, however, initial pH was significantlyghier
(p<0.05) for GMP groups than both FL ones (Table 2)

Table 2. Meat (longissimus d ) characteristics tisglie’s proportions in carcass of Barbarine lambs

Groug FL-C FL-AP GMP p C1 C2 C3
pH1 6.94 6.92 7.23 *x *x *x ns
pH2 6.23 6.06 6.09 ns ns ns ns
L* 36.5 35.2 37.3 ns ns ns ns
a* 155 15.8 17.1 ns * ns ns
b* 5.8 7.0 7.7 * ns ns ns
Muscle (%) 49.8 49.7 49.8 ns ns ns ns
Fat (%) 29.1 28.8 30.2 ns ns ns ns

®FL-C: Feed lot group GMP: Grazing group FL-AP: @éet group receiving aromatic plant

For both cooking modes, Barbarine lamb’s meat vemsidered tender and juicy. Differences in sensory
traits were small and the statistical model noniicant (Tables 3 and 4). However, for roasted tnisee
presence of aromatic plant (GMP and FL-AP) incréaseat tenderness, the contrast 2 was significant.
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At reverse, the juiciness was higher for FL grotipen GMP one and the contrast 1 was significant
(Table 3).

Table 3. Sensory attributes of roasted meat (Lengiss dorsi muscldpr Barbarine lambs

Group FL-C FL-AP GMP p CiT C2 C3

Tenderness 6.76 7.20 7.21 ns ns * ns
Juiciness 6.21 6.71 5.58 ns * ns ns
Flavour 7.16 7.06 7.14 ns ns ns ns

YFL-C: Feed lot group GMP: Grazing group FL-AP: ééet group receiving aromatic plant

Table 4. Sensory attributes of cooked meat (nExiarbarine lambs

Groupf FL-C FL-AP GMP p C1 C2 C3
Tenderness 6.66 7.57 6.33 ns ns ns ns
Juiciness 6.83 6.85 6.66 ns ns ns ns
Flavour 6.66 7.28 7.01 ns ns ns

EFL-C: Feed lot group GMP: Grazing group FL-AP: ééet group receiving aromatic plant

Conclusions

In conclusion, grazing mountain pasture systemltexsun the same growth rate in spite of the half
quantity of concentrate offered in FL system withdifference for quality traits.
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Abstract

The Gompertz model was tested to fit the kid's ghoaurve parameters of indigenous goat, Alpine,
Damascus and their F1 and F2 crosses. Data issuadlb years periodical weighing was used to adjust
growth curve. Among tested models, the iterativecpdure allowed to identify the Gompertz model as
the best to adjust kid's growth evolution. The sboseding allows a better growth kinetic with retpe
indigenous kids. The best growing performances wétained for the first generation of crossbreeding
due to heterosis effects.

Key words: Caprine genotypes, growth, Gompertz mddmisia.

Introduction

Local goat is genetically considered as a populatiaving a wide phenotypic variability and it's
essentially raised in pastoral and agropastoralesiotihe suckling kid’s meat is the main producttiiis
breeding system and it contributes with about 768%he regional meat production under very low input
systems. Under oasian conditions, the goat huspapldtys a key role by its significant various
contributions in the farmer's incomes. Goat besefiom an intensified breeding mode under low
climatic risks which characterize the arid aread@ar and Najari, 2008).

In order to increase the oasian goat herds' pramadyctome high yielding exotic breeds were intragtljc
since 1980, in the arid region. The objectivehis program has been either to produce meat whoeres g
were not milked or to increase dairy yields wheilk contributes to the farmer incomes. These gbats

to be achieved upgrading local breeds to diffelewvels through crossbreeding as a step to proderse n
goat genotypes having high performances and addptéacal environment (Mignon and Beaumont,
2000).

The kid's growth model assessment is of particifgyortance in animal production because of its
practical implications in genetic evaluation andchmanagement. Growth curve parameters change by
all factors affecting the weight, especially thegic potentialities of the breed (Rekikal.,2003).

During animal lifetime, the essential weight gamis reached before the maturity stage, and itad w
known that animals achieve the target mature sizewell-defined sigmoid or S-shaped curve (Mataiot
etal., 2005). This has led to use typical curves to diesanimal growth due to the general predictable
pattern followed by the growth process. A typicadwgth curve can be divided into two phases, aryearl
phase where the gain rate is increasing and aphtse where the gain rate is decreasing. The pbint
inflection is the point where the curve turns freaoncave to convex. Several non-linear functionsehav
been proposed for various domestic livestock speaial breeds to model the growth curve per genetic
group (Macciotta eal., 2005).

The present study aims at adjusting the kid's drosurve of local population, introduced breeds and
crosses as a step to evaluate the meat produdtietickand potentialities for each genotype. Esshbig
curves parameters leads to optimise the use off échintroduced genetic animal resources and tioen,
increase farmers' incomes in the southern Tunesa® (Najari, 2005).

Materials and methods

During 16 years, the crossing scheme was appliedaanindividual periodical weighing control was
continuously realized from birth till weaning inremer beginning. A total of 1687 kids' data were
registered and used as the data base for this.dfadyeach kid the data include genotype and cbntro
dates with respective observed weights.

The local goat population is characterised by #nsll size with an average hight of 76 cm for rtiede

and 60 cm for the female. To cross local goat,ettameliorative breeds were used: Alpine, Damascus
and Murciana breeds were imported respectively ffdance, Cyprus and Spain (Gaddour and Najari,
2008).

Evaluation criteria used to compare studied modelsuracy were computing difficulty and fitting
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goodness. Computing difficulty was defined as tbheler of iterations needed to converge. Except for
Richards' model, the starting values of paramedegsnull to allow the same convergence conditions.
Goodness of fit was defined as the magnitude ofdhielual mean squares at convergence (RMS), which
provides a measure of the estimation precision. &beuracy is also evaluated by the nonlinear
coefficient of determination (CD). Statistical ays$ was done by SPSS.

Results & discussion

Kid’'s growth curve shape and parameters
The kid's growth parameters issued from the cussessment by the Gompertz functions are presented
in table (1). The kid’s growth curve adjusted by t&ompertz function is presented in figure (1),
including lower and upper limits of weights estiioat
The calculated curve parameters value A, b andwged the following growth equation:
P=15.74&°(0.03+0.31)) (1)
where P is the kid's weight (kg), and t is the &gk (days).
The model function allows estimating some cruciawh curve parameters: the asymptote A value
represents the adult weights when the age t tettietmfinite; the inflexion point correspond teethoint
in which the second derivative becomes "zero" &edgrowth rate is the maximum. The weight and the
age at inflexion are consequently calculated as:

Age at inflexion (days) = c/b 2)(

Weight at inflexion (kg) = A e (-e(-b*agég}c (3)
The inflexion point is located at 10 days, at agheiof 5.79 kg; the asymptotic weight is estimatied
15.74 kg (Table 1).

Table 1. Growth curve parameters estimated by tragértz model.

A b C Age at inflexion (days) Weight at inflexiokg))

General 15.74 0.03 -0.31 10.33 5.79

A: Asymptotic weight; b and c: Gompertz curve pagten.

The curve asymptote is usually used to estimateathdt weight when the Gompertz model is used to
adjust the growth. As shown by equation (1), thealue is about 15.74 and seems to be less thaiedahe
goat adult weight estimated in other studies.vit&dl known that Gompertz model can underestimage th
A constant especially when relative late age isluseestimate the curve parameters (Macciottal.et
2005).
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Figure 1: Kid's growth curve adjusted by the Gortiperodel, with lower and upper limits.
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Conclusions

The shape of the kid's growth curve parametersigesvvaluable information about the biological and
economic efficiency of the studied goats genotypeter oasian conditions. Such results seem usaful f
genetic improvement and herd monitoring of caplivestock.
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Abstract

The Wood model was used to fit lactation curve aditggenotypes under oasian conditions in southern
Tunisia. Data of 993 adult dairy milk goats weralgped to adjust individual milking curves per géne
group. Wood models parameters were estimated bylinear regression iterative procedure. The local
goat lactation curve was fitted after 16 iteratiamsh a value of 0.22 as the residual mean squares.
Among pure breeds, the Alpine had the highest miolu at peak with 1.9 kg.day The starting
production, the milking peak and date, the penstsecoefficient illustrated differences betweerdd
genotypes.

Key words: Goat, curve lactation, Wood model, Tiais

Introduction

The mathematical models used to assess lactatiMesuvere regular functions y = f(t), defined for
positive values of daily milk production (y) andh& from parturition (t), used in the dairy livestdor
breeding and herd management purposes (Retkikl., 2003; Macciottaet al., 2005). These models
represent an essential research tool for developing validating mechanistic models, aimed at
explaining the main features of the milk productipattern in terms of the known biology of the
mammary gland during preghancy and lactation (Matxeet al., 2005). Milking kinetic curve after
parturition is characterized by a first ascendihgge to a peak followed by a decreasing phaseKRéki
al., 2003; Macciotteet al., 2005). Among many mathematical functions perforrteedescribe lactation
curve, the common model applied is Wood's Modeictvigenerally uses a logarithmic transformation of
an incomplete gamma curve to obtain least squatenaes of constants (Najari, 2005).

The present study aims at estimating the lactatiome parameters of local goat population, intredic
breeds and crosses as a step to characterize th@roguction potentialities for each genotype énel
crossbreeding impacts under oasian conditions.

Materials and Methods

About 1923 individual goat milking data was usedetmluate the dairy potentialities of local goat
imported breeds and crossed genotypes. A statistioalysis was applied on estimated dairy
performances such as, daily milk average, totadyeton by lactation and milking period.
Evaluation criteria used to compare adjustment emyence accuracy were computing difficulty and
fitting goodness. Computing difficulty was defined the number of iterations needed to converge
(Gaddouret al., 2008). Goodness of fit was defined as the magaitafl residual mean squares at
convergence (RMS), which provides a measure of éftimation precision (Mignon Grasteau and
Beaumont, 2000). The coefficient of determinatiddDf is also used to evaluate the parameters
estimation accuracy. SPSS and CNSS were the sfaltisbftware used.
Lactation curve adjusted by the Gamma function bveso(Rekiket al.,2003): Yt= Atb Exp—ct
Where Yt: Dairy production (kg), t: Days after paition (days).
The Gamma curve parameters (A, b and c) allow shieation of dairy parameters such as:

Initial dairy production (YO) = A, Date of peak (g8 = b/c,

Production of peak (kg) = (A*(b/&)'Exp —b, Coefficient of persistence (%) = 10(41) Ln c .
To compare milking parameters of studied genotypeStudent Newman Keuls test € 5%) was
applied. The local goat population (Lo) is charasesl by it is small size with an average highv6fcm
for the male and 60 cm for the female. To crossillgoat (Lo), three ameliorative breeds were used:
Alpine (A), Damascus (D) and Murciana (M) breedsenienported respectively from France, Cyprus and
Spain (Gaddouet al.,2008).
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Results and Discussion

The model Gamma was adopted for adjustment ofdtiation curve and estimates the performanc
introducedgoat breeds and crosses. In addition, Najari (2088d this model to adjust the lactat
curve of local goat populatiohe converging behaviour of the lactation curvdinit seems to b
dependent orthe data corresponding to dairy production whichiegawith the genotype. The lowe
iteration number corresponded to the MurcieFigure 1),in this case, only 10 iterations were suffici
to reach the convergence criterion ®). While the estiration of the F1 and F2 Alpine*local cros:
needed about 30 iterations. The F3 Alpine*local & highest and the worst residual means sq
where the value was 1.43; the reduced observatiotbar can explain such result. All curve’s params
were msitive, so, all lactation curves could be congdaegular (Rekik et al., 200
——Alpine —=—Damasquine  —e—Murciana Locale The gamma function and parameters allo

4000 1 —+=F1Alpine'local —e—F2Alpine‘local —— F3Alpine‘local General establlshlng the IaCtathn curve Shape ure 1)
These parameters were analyzed as ge
group’s performances. In additiorther settings
for selecteddctating genotypewere considered
(Figure 1).
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Figure 1: Lactation curve adjusted by
o~  Gamma function, for local goat population, p
1 15 29 43 57 71 85 99 113 127 141 155 169 183 200

Days in lactation breeds and crossed groups.

The lactation curve parameters illustrate a speaiiiking behaviour for the studied genotypes. It se
that some groups are able to produce an additiilg geoduction than others. After parturition, t
highest initial production was observed for F3 Algilocal crossed goats. This production repres
more han 200% of the local goat performant the same lactation phad@amascus performances w
similar to those of the local goat. The peak patamsdllustrate that the earliest peak date comedsp tc
the F2 Alpine*local crossed goats. Also these ¢ had the highest production at the curve pc

Among studied genotype curves, the lactation cuofebe Alpine breed and crosses wure 1) looked
much better with a production peak quite high ahdamd persistence. During the first lactation gh
the performances of local goat population and Damsadreed were quite comparable in shape
magnitude, however, after the peak phase, the Darmmatairy performances became increasingly hi
than the local goat population. For Murciana, the tate: of persistence gradually lead to the produc
similar to Damascus goats (kig 1). Such aspects help to optimize the genotypesaggment an
provide scientific tools to optimise crossbreedatgns to improve caprine milk production under aa
breeding mode.

Conclusions

The shape of the lactation curve and milking patamseprovide valuable information about

biological and economiefficiency of the studied go: genotypesunder oasian conditions. Such res
seem useful for genetic improvem and herd monitoring of caprine livestock. In faehgtypic milking
merits, highlighted by Gamma model assessment,thetyptimize the crossbreeding of local goat in
aim to produce a new genotype both productive aagtad to the natural conditioof the oasian area.
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Abstract

Sensory properties of Cantal cheese from threevalgumt groups of 12 Montbéliarde cows fed hay (H)
and grazing on a high species-rich upland pastodemcontinuous stocking (C) and on an old lower
species-rich hay grassland under rotational stgci) were compared after 12 and 24 weeks ripening.
Cheesemaking were done on three consecutive dajislyn A panel test was performed by 10 trained
panelist. The H cheeses had more intense rind Gateare pronounced spot salience, less intense past
colour, less intense odour and aroma, higher boteur, and less persistent taste than pastureederi
cheeses. They had also firmer, less elastic ansl é@samy texture, in relation to their higher
polyunsaturated fatty acids (FAs) content acid9-C18:1/C16:0 ratio. Panelists were unable to
distinguish between 12-weeks ripened C and R cbdasa triangular test. Sensory differences became
perceptible after 24 weeks ripening when C cheesenhiore intense odour, more intense and persistent
aroma, sourer, more pungent and saltier taste fhaheese. The weakness of the sensory differences
between R and C cheeses could be due to interaafopasture species-richness and herbage phenology
with stocking method and diet cow selection.

Keywords: cheese sensory properties, milk fattgsaiipland pasture, stocking method.

Introduction

Changes in cheese characteristics are frequerlyrtesl by cheese-makers as related to the type of
forage supplied to dairy cows. On this basis, shaudies have been conducted to highlight thecedf

of animal feeding on cheese sensory propertiedeleifices between pasture- and preserved forage-
derived cheeses are well known (Mareinal, 2005). Pasture provides less firm, creamier, netastic,

and yellower cheeses, with a less sour and lessadatodour and a more intense sour and bitter taste
(Martin et al, 2005). A broad variability in pasture-derived ebe sensory properties has been reported
in on-farm studies, according to grazing managemieatianical composition and plants (or herbage)
phenological stage (Bugawd al, 2002). However, in experimental conditions, ditis known about the
effect of the stocking method and of pasture spetahness on cheese sensory properties.

The aim of this work was to compare, in controlbehditions, the sensory properties of cheesesatkriv
from two different stocking methods in an uplandaarcontinuous on a high species-rich pasture and
rotational on lower species-rich hay grassland. 3&esory properties were evaluated at two different
ripening times.

Material and methods

The experiment was carried out at INRA experimerfdain of Marcenat (mountain area of central
France) where three equivalent groups of Monthediatairy cows of which: the first (H) was kept indo
and fed with a concentrate and hay-based dietséltend (C) grazed, by continuous stocking at low
density (0.96 LU/ha), an heterogeneous high speitibspasture (74 species) of 12.5 ha; the thirfl (R
grazed by rotational stocking at higher densitp@ll.U/ha) an old and lower species-rich hay graskla
(31 species) of 7.7 ha. Milk of 2 consecutive nmtis was collected and cheese manufactured (9 cheese
overall) during 3 consecutive days in early Ju020Small size Cantal type cheeses (10 kg) were
produced with raw milk. The milk fat-to-protein i@twas standardized at 1.10. A panel of 10 trained
panelists analysed the cheeses after 3 and 6 map#rsng for a precise description of the cheese
sensory profile. The intensity of 32 attributes vgasred on a structured scale from 0 to 10. A gf&n
sensory analysis was performed between the C aotid@ses. The analyses of milk and cheese are
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described in Martiret al. (2009). The data were treated by analysis of mag&go assess the differences
among feeding systems, ripening time and theiraat#on.

Results and discussion

Results of cheese sensory properties are repart€dhble 1. The H cheeses had a more pronounced spot
salience, many more spots, less intense paste rctlan pasture-fed cow cheeses. The differences
between cheese from hay-fed and grazing cows veseritted by Coppet al. (2011) as might be related

to milk FA profile. The lower melting point of pase cheese fat could cause a loss of butter-dihen
curd during pressing. This could be deposited errithd, creating an environment less favourabliéo
development of the inoculated mould and bactenalired in spot development and coloration. Texture
was firmer, less elastic and less creamy for H tttanC and R cheeses, confirming literature results
(Martin et al, 2005). These differences may be mostly explaimedhe higher cis9-C18:1/C16:0 ratio
and poly-unsaturated fatty acid content recordedpésture-based milk (Bugawd al, 2002; Coppaet

al., 2011).

The C cheeses had a more intense odour and a nterseé and persistent aroma than H cheeses. They
also had less butter odour and tended to tasteeisand more pungent than the R and H cheeses. The
sensory differences found between H and pastuigedecheeses are in accordance with Maetiral.
(2005).

At 3 months ripening, only 35.5% of the assess@?scOrrect answers out of 62) were able to distsigu

R from C cheese (P > 0.05) by triangular test. Waakness of cheese sensory differences between the
two stocking methods is surprising, considering éfffect of botanical composition on cheese sensory
properties reported by Martet al. (2005) and may be explained by: (i) the strictibpg procedure and

the simultaneous milking and cheesemaking in theesanvironment for C and R groups, that may
minimize the effects of upstream environmental dexcton raw milk microflora (Verdier-Metet al,
2009); (ii) the uncooked hard Cantal cheese madehich the milk endogenous protease plasmin plays
a minor role on proteolysis, with consequent mialbanges in flavour and texture of cooked or semi-
cooked cheeses from different pastures (Bugduwal, 2002); (iii) the continuous stocking enables cows
to select more species with high palatability amlidy, mainly vegetative grasses, making botanical
composition and phenology of herbage ingested lmpWs similar to R ones. The rotational stocking,
was in fact devised to offer cows mainly leafy éeligrasses throughout the season (Catp, 2011).
Thus differences in between C and R may be lessrilaupt than expected. Lastly, (iv) the first segsor
evaluation, which did not reveal any differencewmsin C and R, was achieved only after 3 months
ripening of cheeses. This ripening time seems tadoe short to highlight diet effects on sensory
properties of Cantal cheese (Comtwal, 2009). In fact, 44.6 % of the panelists (25 cctremswers out of

56) correctly identified C and R cheeses at 6 n®rffh = 0.02) by triangular test. C cheeses were
characterized by stronger notes confirming the @mm evolution during ripening in cheese from high
species-rich mountain pastures already describd&bbgett al. (1999).

The 6 months ripened cheeses had a less intertse ddour and cooked paste odour and aroma, byt the
had more intense, more stable and more persigtemiaa than the 3 months ripened cheeses. Theytaste
also more salty, sour and pungent. These diffeenegardless the treatment, were consistent Wwéh t
ripening time-related increases in pH, dry mated proteolysis indicators (Martét al, 2009).

Conclusions

In our trial, carried out in controlled conditiorthe effect of pasture species-richness on chessso/
properties proved surprisingly weak, suggesting tither factors, such as herbage phenology, cow
species selection and stocking method may be iedolu determining cheese sensory properties. The
differences between the stocking methods becanueptisle only after long-time ripening.
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Table 1. Effect of feeding system and ripening tonecheese sensory properties.

ltem Treatment Ripening SEM Effects_and‘significance _
H R C 3 months 6 months Treatment RipeninfreatmentxRipening

Appearance

Rind colour 4.8 4,1 4,1 3,6 5,2 0.14 T e ns

Spot colour 62 61 57 51 7,0 0.11 i Hck Hick

Spot salience 59 49 4% 4,1 6,2 0.14 i Hck Hick

Spot quantity 6.7 57 54 52 6,6 0.13 b i il

Paste colour 37 6,6" 6,3 55 57 0.13 ok ns ns

Paste cracks L4 49 50 4,4 52 0.11 * ns **
Texture

Firm 7.2 58 58 5.7 6.6 0.11 ok ok ns

Elastic 3.4 45 4.2 4.3 3.7 0.13 * ** ns

Creamy 3.0 3.8 4.0 3.8 3.4 0.13 o o ns
Odour

Intense 5 52 5¢ 5.1 55 0.10 *ox ns ns

Butter 0.9 0.7 0.4 0.9 0.3 0.09 * b ns

Cooked paste 1.0 1.0 1.2 1.2 1.0 0.09 ns * ns
Aroma

Intense 50 54° 5@ 5.1 5.6 0.09 * t ns

Cooked paste 0.9 0.6 0.7 0.8 0.7 0.07 ns * ns

Stable 0.2 0.2 0.1 0.1 0.3 0.05 ns * ns

Persistent 5.0 5.3 5.5 5.1 5.4 0.10 T t ns
Taste

Salty 53 52 53 51 54 0.05 ns ** ns

Sour 14 1.4 1.8 1.2 1.8 0.11 T * ns

Pungent 1.3 1.2 1.6 1.0 1.7 0.11 T ok ns

Significance: ***, P<0.001; **, P<0.01; * P<0.5
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Abstract

The purpose of this study was to investigate thgairh of increased movement on different landscapes
lactating ewes and goats on bone metabolism.

A group of five adult lactating ewes and goats weyst on pasture at 2000 to 2600 m a.s.l. (alpind) a
400 m a.s.l. (lowland), respectively. Two ewes godts were equipped with a GPS receiver in order to
calculate daily tracks on the alpine landscape.ddiy milk yield was quantified and the metatarauzs
measured three times with peripheral computed toapdy (pQCT).

The ewes walked on average longer distances aneraub\arger altitude differences. They remained
mainly on grass-covered landscapes, whereas the g@ged in bush-dominated areas. The sheep from
both groups revealed an increase in cortical tlgsknbone mineral density (BMD) and bone mineral
content (BMC). The goats from the lowland groupeaded a decrease in BMD, whereas in the goats
from the alpine group a decrease in cortical thigknand an increase in BMC was detectable. The goat
produced significantly more milk than the sheepskheep, there was no lactation induced bone loss
detectable compared to the goats which could b&fpareduced by increased high impact movements.

Keywords: small ruminants, bone metabolism, exerdactation, high altitude

Introduction

During lactation, maternal mineral and bone metabois altered due to milk productioho meet the
high calcium requirements, a reversible demineatitia of bone takes place. Bone loss due to |lactasi
described in animals (Zemit al, 1999; Goneret al, 2005; Liesegangt al, 2006) and in humans
(Hayslipet al, 1989; Polattet al,, 1999; Laskewt al, 2010). In humans and in rats the BMD at the end
of lactation was significant lower compared to factating control groups. A study from Lovelaelyal
(2009) suggests that exercise may slow bone la@sgliactation due to the well known fact that
induces an increase in bone size, cortical thicknesrtical bone area, bone mineral content (BMC)
and/or bone mineral density (BMD) (Raabal, 1989; Hineyet al, 2004; Firthet al, 2010). BMD and
BMC can be determined by peripheral quantitativengated tomography (pQCT). The content of this
study was to investigate the impact of increasedam@nt on different landscapes of lactating ewek an
goats on bone metabolism.

Material and methods

A group of five adult lactating ewes (East Frisiaitk sheep) and five adult lactating goats (Saadery
goat) was kept on pasture at the ETH researclostatp Weissenstein, Albula, Grissons at 2000 026

m a.s.| (sheep alpine group = SA; goats alpinero®A). The lowland group, also five adult laatati
ewes and goats, was kept on pasture at the ETHrobsetation Chamau, Central Switzerland, 400 m
a.s.l. (sheep lowland group = SL; goats lowlandugre GL). At the beginning of the experiment, SA
were in lactation 98.4+ 1.96 d, SL 944 + 541 & ®.4 + 6.75 d and GL 93.4 £ 2.66 d. They were
milked twice daily and the milk yield was measurBdring daytime, they had access to the pasture for
10 hours. At night, they stayed either in the barat the pasture, depending on weather conditioums,
always treated the same way on high altitude anithénlowlands. Two ewes and two goats from the
alpine-group were equipped with a GPS receiver {#¢inG-Rays WBT-201, Taiwan) in order to
calculate daily tracks and the movement patterthefanimals. The left metatarsus of each animal was
measured with pQCT (Stratec XCT 960A, Stratec Madizechnik GmbH, Pforzheim, Deutschland) at
the beginning of the experiment and at the endhefexperiment at week 12 and 6 weeks afterwards at
week 18.
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The experiment is divided in the experimental perforeek 1 to week 12) and the post experimental
period (week 12 to week 18). In the experimentaiogke the animals were kept either at the alpinther
lowland pasture. In week 12, they were brought ladke home barn and both groups where kept under
the same conditions until week 18, when the fiaahgling was performed.

Results and discussion

The SA walked on average longer distances and edJarger altitude differences than GA. From the
beginning of the experiment, the SA and the GA ificantly increased the distances until week 6 and
week 5, respectively (Figure 1). In the second bhthe experimental period the SA covered sigaific
shorter distances, the distances covered by theli@Aot change significantly in the second halthoe#
experimental period. The SA remained mainly on gg@wered landscapes, whereas the GA stayed in
areas where bushes dominated.
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Figure 1: distance travelled by the SA and GA. sgnificant difference between timepoints in SA; z
significant difference between timepoints in GA; Significant group difference (SA versus GA).

The daily movement of the SL and GL can only besgad. Due to the fact that the pasture of the &L an
GL groups was smaller than the pasture of the algnoups and the landscape includes no hills, these
groups had lower high impact movements.

The goats compared to the ewes showed a signifydaigher milk production of 2.15 l/day compared to
0.73 l/day, respectively during the experimentalque

Table 1: results pQCT. Crt_thk = cortical thicknéssm); BMD_D = bone mineral density diaphysis
(mg/cn?); BMC_D = bone mineral content diaphysis (mg/cBly)D_E = bone mineral density epiphysis
(mg/cn?); BMC_E = bone mineral content epiphysis (mg/om); week; * = significant group difference
within species groups; Values with different lettérdicate significant differences (p<0.05) betwénre
points within one group

SA SL GA GL
w0 wl2 w18 | w0 wl2 w18 | w0 wl2 w18 w0 wl2 wl8

crt_thk |3.32 3.48° 358 [3.1F 3.3% 3.49 [2.9F 2.63° 258 [296 292 272
BMD D [940 *? 924" 990F [865*°886" 938 (826 750 722 | 811 817 737

BMC D (198 228 219 [20 230 224 |175 171* 171 | 185 187* 186
BMD E (560 551 561 | 532 566 612 |532 512 516 | 675 534" 465

BMC E |190 217 289 | 263 2200 309 [164 169 238 |160 181 176

The effect on bone in sheep was according to tikweamentioned studies on the effect of exercise on
bone. No effect of lactation was detectable, probd@ecause the milk production in sheep was low.
Goats showed different results in bone metabolismpared to sheep. The calcium concentration in
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sheep milk (1.93mg/qg) is higher than in the godkr(i.34mg/g) (Parlet al, 2007), still the goats lost
more calcium through the milk, because they produsignificantly more milk than the sheep. In
addition, within the group, the GA had higher myikld compared to GL, probably due to the fact that
they were on average in lactation for a shorteetihan GL. The loss of BMD in the epiphysis in Gle

is corresponding to the studies from Zenial. (1999) and Laskewgt al. (2011), where a bone loss is
described due to lactation located mainly in akeitis high trabecular bone. In the GA group, no loss
BMD or BMC in diaphysis or epiphysis was detectabie contrast, the BMC of the epiphysis was
increased significantly. This fact is probably doencreased movement straights on the alpine pastu
On the other hand, the cortical thickness decreaiggificantly. The reason for this decrease irticar
thickness might be the high milk production, altbbuhis would be in contrast to the above mentioned
studies, where lactation induced bone loss wasraebdenainly in trabecular bone. Interestingly, fimgb

of Lieseganget al. (2006, 2007) supported the results of the presamdy since decreased cortical
thickness during lactation in goats was also shiheir studies. In the goats, a significant difece
between GA and GL in the BMC in diaphysis was obsgrat week 12. The BMC was significantly
smaller in GA compared to GL. The reason for thight be the higher milk production of GA compared
to GL.

In conclusion, there was no lactation induced bloss detectable in sheep. In goats, lactation ieduc
bone loss could be partially reduced by increasedement straights.
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Abstract

In this present study we aimed to investigate theceof the administration of a tannin-neutralgiagent
(polyethylene glycol, PEG) to lactating local bregolats browsing a tanniferous fodder tréegcia
cyanophylla on the milk chemical composition and the averdgity gain (ADG) of the suckling kids.
Fifty four native goats (live weight 35.1 kg) angtg nine kids (average birth weight 2.0 kg) wesed.
The experiment was conducted until day 90 posupartiust before kidding, goats were allocated into
two equal experimental groups: a treated group &vheimals were orally drenched wiBG 4000 (20
g/d), and a control group (C), not treated with PEG. Milemical composition was studied at different
post-partum weeks: 3, 6, 7, 10 and 12 weeks. Dedight gain (DWG) of kids was determined at two
stages: 0-30 d (DWG1) and 30-90 d (DWG2). PEG hadeffect on any milk component at any
lactation week. Highest protein (3.49 %), fat (698Land urea (130.5 mg/100 ml) contents are obderve
at week 18 postpartum, remaining stable afterwards. The low@sies were observed at weék(®rea,
95.2 mg/100 ml), B (fat, 4.59%) and 7 (protein, 2.86%) postpartum and differences wéatissically
significant (P<0.05). Addition of PEG to the didtgmats had not significant effects on kid perfonce

In conclusion, the administration of PEG to lactgtgoats browsing the tanniferofisacia cyanophylla
fodder tree had no effects (P>0.05) either on gokt composition or on the suckling kids growtheasit

Key words: goat milk, protein, fat, lactation stagenin, PEG

Introduction

It is estimated that over 80% of the world’'s goapylation is located in Asia and Africa (Morand-Feh
al., 2004). Goat milk production is a dynamic amdwgng industry that is fundamental to the welllggin
of hundreds of millions of people worldwide andais important part of the economy in many countries
(Silanikove et al., 2010). Goat milk contains ahhgroportion of medium-chain fatty acids that can b
absorbed rapidly from the intestine, and are kntavhave a potential antimicrobial activity and reelu
cholesterol deposits (Shingfield et al., 2008)Timisia, fodder trees are very important sourcefood

for local goats, particularly under harsh condisioHowever, most browse species are dicotyledaats th
contain large amounts (up to 50% of the dry mattdr)polyphenols, many of them tanniferous
compounds (Silanikove et al., 2004). Polyethylelyeal (PEG), a polymer that binds tannins irrevielssi
over a wide range of pH and reduces the formatfai@mmnin-protein complexes in the rumen (Jones &
Mangan, 1977), has been administered to grazingsgoadeal better with tanniferous plants on the
pasture. The main objective of the present studytwassess effect of PEG on goat milk composdton
different stages of lactation and the daily weigin of kids.

Material and methods

The trial was conducted in a farm located in Nadhaulelegation of Zaghouan (north-east of Tunisia,
36°24' North, 10°9' East, at an altitude of 800 where goats are hand-milked once a day and kidding
concentrated during January and February. Kidsvaamned at 90 days of age. Fifty-four pregnant local
goats were allocated into two equal experimentaligs (Control and PEG) 15 days before parturition
and measurements were recorded from the first geostim day. Both groups grazed dacia
cyanophyllapastures for 5 h daily (from 11:00 to 16:00) andfteed during the night. Animals of both
groups were fed 300 g of alfalfa hay and 300 gasfcentrate offered in two equal meals. Goats in the
PEG group were drenched with 20 g PEG (moleculaghtel,000) dissolved in 40 ml water. Goats in
the control group did not receive any PEG. PEG a@dsinistered before kids suckled goats (in the
morning before grazing). PEG administration staliefbre kidding and was extended until weaning (90
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days age). Kids were weighed at birth, and when thhere 30 and 90 d old. Daily weight gain (DWG)
was calculated by difference during periods 0-3gsd®WG1) and 30-90 days (DWG2).

At five post-parturition times (3, 6, 7, 10 and W2eks), milk production was recorded following the
method proposed by Ricordeau et al. (1960) usingooin. Goats were hand-milked and samples were
taken out in plastic flasks containing 1 mg of darhate in order to avoid any possible fermentatibn
the milk. Samples were then immediately transpottetthe laboratory for analysis (fat, protein amdau
contents) using an integrated milk machine (Con#sif6300, Foss Electric, Denmark).

Offered diets Acacig hay and concentrate) were analysed for their @esnmomposition. Dry matter
(DM, method ID 934.01), ash (method ID 942.05) angle protein (CP, method ID 984.13) contents of
leaves and young twigs @&. cyanophyllaalfalfa hay and concentrate were determined folgwthe
methods of AOAC (1999). Neutral detergent fibre (R2nd acid detergent fibre (ADF) contents were
determined with the ANKOM fibre analyzer using tteagents described by Van Soest et al. (1991).
Total tannins (as tannic acid equivalent) and coedéd tannins (as leucocyanidin equivalent) were
determined irAcaciafodder following the methods described by Makka®(3). All chemical analyses
of browse samples were conducted at the Univeo$ibedn (Spain).

Statistical differences between experimental grdigpstrol vs. PEG) and lactation stage in fat, girgt
and urea contents of milk were evaluated by aralysvariance (Steel & Torrie, 1980).

Results and discussion

Chemical composition dh. cyanophyllgleaves and young twigs), hay and concentrateaws in Table

1. Cell wall components were higher in hay and stesh A. cyanophyllathan in leaves and in
concentrate, whereas an opposite trend was obstwé&P content. Leguminous shrubs and trees have
been used as feedstuffs for livestock in many regiof the world, mainly because of their high pirote
contents throughout the year (Ammar et al., 2004) ¢tan be attributed to the ability of these @datfix
atmospheric nitrogen. However, as many other br@pseiesA. cyanophyllds characterized by its high
tannin contents (72 g/kg DM in stems).

Table 1- Chemical composition (g/kg dry matterfidferent components of the ration

Feed Dry matter (g/kg)  Ash Crude protein  NDF  ADF Tdal tannin Condensed tannins
A. cyanophylldeaves 360 125 144 252 193 32 58

A. cyanophyllsstems 420 58 69 576 421 44 72

Hay 960 111 78 698 416 0 - e
Concentrate 880 99 152 282 173 e s

In this study, PEG was added to the diet of dairgtg to explore any effect on the chemical comjosit
of milk and results are presented in Table 2.dns®that tannin contents in the foliageAoftyanophylla
had not effects on milk chemical composition anchiaistration of PEG did not cause changes in milk
components (P>0.05). Even though, a numerical géiséght increase of protein was observed for the
treated group.

Table 2. Effect of PEG administration on chemiaahposition of goat milk

Control PEG sed P
Protein 3.07 3.16 0.092 0.365
Fat 5.39 5.16 0.170 0.193
Urea 117.1 112.2 3.51 0.163

These results can be mainly attributed to the tta&t local goat breeds of the Mediterranean basn a
well adapted to the Mediterranean scrubland, ctingismostly of high-tannin containing plants
(Silanikove et al., 2004). These goats are assutmeoe able to consume as much as 10 g/day of
hydrolysable tannins and 100-150 g/day of condete®uns without evidence of toxicity (Silanikove e
al., 1996). In our study, condensed tannin contentn in stems (72 g/kg DM) did not exceed the
threshold limit. Theoretically, large amounts ofdhylysable and condensed tannin-derived phenols as
well as other types of phenolic compounds may bsodied from the intestine in browsing goats
(Silanikove et al., 2010). Detoxification of tansify goats is based on enzymatic hydrolysis and
depolymerization of the ingested tannins (Silanékeval., 2004).
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Studies reported by Vasta et al, (2008) revealat éffects of tanniferous feeds on milk fat andtgiro
composition vary markedly with the concentratiortaxinins present in the feeds. In this contexth@ail

et al, (2000) noted that supplementation with Hag/of PEG had a significant effect on milk faptein

and lactose in goats. However, goats treated withgSof PEG (Decandia et al., 2000) showed a
significant increase in both milk yield and ureatemt, but there was not a significant effect ofk it

and protein percentages.

When lactation stages (3, 6, 7, 10 and 12 weeks$ wensidered (Table 3), effect of PEG on milk
composition was not significant (P>0.05). Milk fahd urea contents were numerically smaller at the
beginning of lactation (3, 6 and 7 weeks).

Table 3. Effect of PEG on goat milk compositiordéferent lactation stages

Stage of lactation (weeks) 3 6 7 10 12
Protein Control 3.23 3.01 284 3.23 3.06
PEG 3.20 289 289 3.75 3.05
Esd 0.218 0.204 0.075 0.388 0.076
Pr>F 0.9140 05694 0.5284 0.1859 0.9190
Fat Control 5.79 4.60 5.34 5.11 5.00
PEG 4.88 457 511 6.45 4.80
Esd 0.475 0.415 0.210 0.580 0.139
Pr>F 0.0611 0.9266 0.279 0.6532 0.1523
Urea Control 102.55 105.09 120.58 127.54 126.54
PEG 87.78 98.34 114.66 133.41 129.80
Esd 7.929 7.542 2.956 15.279 2.570
Pr>F 0.0687 0.3755  0.0502 0.7032 0.2102

Lactation stage had a significant effect (P<0.006f)the chemical composition of milk (Table 4).
Generally, highest values of protein (3.49 %),(681 %) and urea (130.5 mg/100 ml) were obserted a
week 10" postpartum and maintained constant till the endxpferimental period (12 weeks). However
the lowest values of these parameters are detatteeeks 3 (urea, 95.2 mg/100 ml),"§fat, 4.59%)
and 7" (protein, 2.86%) postpartum. Similar lactationaintls in milk protein Ghornobai et al., 1999;
Bhonsale et al., 2009) and fat (Bhonsale et aQ9208ontenthrave been recently reported.

Table 4. Effect of lactation stage on the chemioahposition of goat milk

Lactation stage (weeks) 3 6 7 10 12 sed p Diet x Iac;atlon stage
Protein 3.2 2.95° 2.86" 3.49° 3.06% 0.152 <0.001 0.260
Fat 5.34 4.59¢ 5.22% 6.31° 4.90% 0.280 <0.001 0.302
Urea 95.% 101.7™ 117.6™ 130.5° 128.2° 5.78 <0.001 0.511

ab. Cy/alues in the same line with different letterdefifsignificantly (P <0.001).

Regarding kid performances (DWG), there were ntedifices in kid birth weights and DWG between
control and PEG groups (Table 5). Our results aragreement with those reported by Infascelli et al
(2008), whereas Gilboa et al. (2000) found birthglvess and DWG significantly greater for kids whose
does received 10 g/day of PEG in their diet. Is thiter case, the tanniferous species grazedPigtecia
lentiscus,which has a high condensed tannin content, santheence of PEG should have been more
evident due to the higher intake of tannins indbetrol group.

Table 5.kid body weight (kg) and average daily gdiiday)

Control PEG
Birth weight (kg) 2.45+0.731 2.49+0.524
Weight at 30 days old (kg) 6.75+£1.123 6.97+1.393
Weight at 90 days old (kg) 13.85+1.041 14.15+6.95
DWGL1 (0-30d, g/d) 143.33+1.134 149.33%0.187
DWG2 (30-90, g/d) 118.33+0.154 119.66+0.117
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Conclusion

Results of this study revealed that PEG does affether goat milk composition nor suckling kid
performances. Milk composition varied significantlyring lactation with peaks in fat, protein aneéair
contents at week Ypostpartum. Further research on the effects @fitaron milk composition would be
timely, since potential effects of these anti-rtidnal compounds would depend upon the browse aepeci
consumed and the type and amount of tannins ingjeste
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