
Proceedillgs o/rile X/X JII/emmionaf Grasslaml Congress 2fX)J

Ecophysiology and management response oC the subtropical grasslands oC southern south America

EJ. BERREITA
Programa Plamas Forrajeras. Instituto Naciolla/llll'esrigacióll1gropecuaria (INIA). Estación Experimemal del Norte. RutaS. km 386. 4SOOO Tacuaremb6.

llruguay@tb.inia.org.uy

939

ABSTRACT
The sublropical grasslands of Southern South America (campos) are localed
approximately in the mnge of24° S lo 37° S lalitude. These grasslands are dominated
by CJ and C4 grasses, and in a lesser extent lO herbaceous plants, shrubs <lnd dispersed
trees, wilh sorne exceptions in particular regions. Previous lO the inlroduction of
large herbivores, allhe beginning oflhe XVII century,like cattleand horses, shrubs
and lall grasses dominated lhe vegclation. Then. associaled with greater grazing
pressure and partially due lO rire, the original campos are maintained, aClually in a
pseudo-climax herbaceous phase. These native communities are highly stable,
adapted lO long periods ofwater slress and Oooding. Campos are generally grazed
al continuos slocking all yearamund by sheep, caule and horses. Wilh theexceptions
ofthe secondary planl successions, Ihe summer growing species (C4) dominale lhe
campos vegelation, having a high relalive frcquency (75%). Continuos grazing and
coarse summer grasses contribute to decrease the frcquency of winter species (Cl ).

There is a high spalial and lemporal varialion in Ihe nalive communities relaled to
Ihe type of soil, lexlure, waler capacity, lopography, altilude, rnanagemenl, ele.,
which determinate the different proportions of vegetation Iypes and botanical
composilions. The temporal variation is mainly associated wilh c1imatic faclors,
principally rainfall, affecting the variability oflhe annual dry matter produclion of
campos vegelalion (CV = 40 lO SO%). The range of annual forage production of
campos vegelalion varies between 2.S (shallow and low fertilily soils) to 7.0 Ion
DM ha· 1(deep and ferlile soils). Mosl of the annual forage produclion is mainly .
concenlraléd in spring and summer, reaching 70-80% and 60-70% in shallow and
deep soils, respeclively. Grazing managemenl, and panicularly lhe slocking rate
Ulilised, is Ihe principal faclordelernlining changes in lhe bolanical composilion in
this type of vegetation. In general, Ihe use stocking rates grealer than I stock unit
ha· l , for longer periods, causes reduclions in forage prodllction, associated with
increases and decreases in Ihe frequcncy of produclive species and wcedslshrubsl
forbs, respectively. Pasture degradation is even grealer, when high slocking rales
areapplied in conjunction with lhe use ofhigh sheep/caulerulios (e.g. 5: 1). The use
of rotational grazing syslems enhances paslllre production by 12% as well as paslll­
re ulilisalion. When continuos stocking is applied, il is dirticult lo achieve pasture
ulilisalion grcater Ihan SO%. Avoiding ovcrgrazing in degraded vegetation, it is
possible to obtain a recovery in paSlure conditions, while the degradation callsed by
continuoscropping is unrecovcrable. Animal production is negatively affecled when
herbage mass or sward heighl are lower than 1000 kg DM ha· 1orS-6 cm, respectively.
Animal seleclivilY allows sheep and canle lO have a grealercrude prolein (33 and
22% respeclively) and melabolisableenergy (15 and II % respectively) levels Ihan
Ihose oblained in Ihe pastureofTercd. The use applicalion oflowquantities ofnilro­
gen and phosphate on nalive vegelalion increase forage produclion and nutritive
value by SO%, enhancing lhe contribution ofwinter species (el) in the sward. Legu­
me introduction by overseeding increases nalive pasture production by 60-100%
and paslUre nUlritive value by 50-100%, particularly during winter. This response
is associated with the contribution of Ihe introduced species and additionally by the
incremenls in proportions of lhe native winter species (Cl ), resulling in a higher
plan community biodiversity. IlllproVed paslures pennit to oblain 410 S times gre.1.ter
secondary produclion Ihan those unimproved. The generated scientific knowledge
has contributed to apply bcttcr pasture management practices, which resulted in
biological and economical benefils to the farmercommunity and Ihe whole society
in Ihe longerlime, wilh special careofanimal and planl communilies biodiversily
and waterconservation for human and animal use. 60th animals and plants will be
fora long lime our main source of food and fibre in lhe world, hence condilioning
our aClions and behaviour in Ihe manner lhat we conserve our natural resources for
Ihe future generalions.

lNTRODUCTION
This ecological region of South America is localed between 2S" and 36" Soulh
latitude.1t includes South Brazil, Easl Argenlinaand the whole Umguay, covering
an approximalearea of450.000 km2'ln Ihe North extreme oflhe region are found
elevalions near 900 m high, but the height is generally lower Ihan 300 m. The
wamlesl month average lemperalure (Janllary) is aboul 22"C, while lhe coldesl
month is aOOut 8"C. The rainfall values are higher from SoUlh lO North, from 1000
to ISoo mm respeclively. These rainfal1s are not markedly seasonal, bul is do
registered an ample seasonal and annual varialion, wilh periods ofhigh deficits or
excesses lhal provoke Oows, thOllgh droughts during spring and summer are the
ones which, mosl negalively affecl lhe forage produclion with the subsequent
reduction in secondary production, that according to Ihe deficil magnilude ils

consequences remain for years (Soriano, 1991; Deregibus, 2000, in press; Nabin­
ger, 2000. in press).

The mosl numerous botanical family and most important in Ihe region as well,
is the Cramilleae = Poaceae, wilh abotl1200 species, bctween warm season (C4)
and winler (C3) ones, being Ihis associalion a singular feature of Ihese pastures.
The most importantlribes are: Palliceae. Ihal ineludes the genus with the largesl
nllmberofspecies Paspalllm. Pallicllm.AxollopIlS, Selaria. Digilaria, clc.;Al1dro­
pogolleae, wilh the genlls Andropogoll, BotlJriochloa, Schizachyrillm, elc.; Era­
grostea, with Ihe genus Eragrostis, Distic¡'Ji.~, elc.; Ch/orideae, Wilh the gen LIS
Ch/oris, Elellsille, BOIl/e/olla, elc., wilh few species. The tribes of winter grasses,
where a large numberofcultivated species adapled to Ihese condilions. are: Poeae
(= FeslUceae), wilh Ihe genus Bromlls. Poa, Melica. Briza, Lolium. Dactylis,
FeslI/ca, ele.; Stipeae. wilh Ihe genus Slipa y PiplOchaeliwII, wilh most native
species; Agrostideae, with the genus Calamagroslis, Agrostis, elc., with scarce
spccier;. In general, Ihe exiSlence of winler species ir; associated lO soil Iype,
lopography, altitude, fertililY and caule managemenL Along wilh the Gramineae
livedifferenl vegelative Iypc species, belonging to olherbolanical families such as:
Composirae (=Asrer(u:eae), Legumillosae (= Fabaceae), Ciperaceae, Umbe//ife·
rae. Rubiaceae, Plal/lagil/aceae. Oxalidaceae. elc .. (Rosengurtt et al.,1970;
Boldrini,1993)

The natural paslures are the main source of foad for over 8S% bovi,pe and
ovineoflhe region. which, generally grass logether, mixed grazing, in mosl part of
Ihe region, Ihe whole year in Ihe open airo The bovine are aOOuI45.000.000, whilsl
Ihe ovine reach 20.000.000, though lheirnumber has remarkably dcereased in the
last ten years due to the intemalional wool prices drop. To callle and sheep must be
added horses, which, relatively short in number. share these grasslands too. Except
in cxtensive caule farming areas. in reduced ones, docs nol cxist a clear natural
pasluredifferentialion for each oneofthese animal species.

In Uruguay and South Brazillhe most orten used leml in vemacular language
lo refer lo natural paslures m grazing is campos, which, is defined as a vegelal
coverage conslillllCd by gramineae, herbaceous planls, bushes and shrubs. whcre
trees arerare (Berrelta and do Nascimemo, 1991). In Argentina the term pampas is
used, Ihough in Ihe Argentincan Northeast is used lOO the term campos or paslizales.
The lrees generally are at lhe edges ofwalcrcourses or in slony sierras where short
lrees are found spread. The low freqllencies oftrees would be rclated lO the region
wealherconditions, especially lO Ihe Soulh, due lO its being an environment wilh a
negative hydro balance during a large part of Ihe year anel due to ils llse for fuel
along with lhe population growlh, from colonial times.

In this work will be presented results of the response lo grazing management
obtaincd mainly in Umguay, on difTerent typesofnatural vegetalion managed with
difTerent slocking rate, grazing methods and sheeplcaulc relationships. AIso reference
will be done lO the inlroduclion of N lO Ihe ecosyslem, with Ihe applicmion oforganic
fertilisers or Ihrough lhe inlroduction of legumes in Ihe nalural pasture, without
deslroying the vegelal coverageand ils efTects on prodUClioll, qualily and OOtanical
composition of Ihe grass.

MAIN VEGETAL COMMUNITIES

Climax Vegetatioll
The scarcedata purveycd by the firsl colonisls ofthcse lands lel make some inferences
abolll the existing vegelation. The primitive population, due lO hunting in order to
get foo<! orinter-tribal connicts, had provoked changes in vegelation through the
use of fire, as the existing herbivores were small compared to current canle and
horses, being lhe mosl important the deer(Odocoileus bel.oarricus), who Iives 10­
gether wilh cattle, bul is displaced by sheep lhat in Uruguay have superaled
24.000.000heads, Ihough aClually lhis figure has reduce lO approximalely Ihehalf,
therefore the quantily ofcxisling deers is very sma]] and locatcd in prolceted area.
The ñandú (Rhea americana). a mnning herbivore bird ofaOOut I.S m high.lives
currently in eXlcnsive rangelands, where Ihe aclion ofman is rarely remarkable. In
Figure I the differenl stages ofvegetation are schemed, and the natural and anthropic
faclors Ihal acl in Ihese secondary successions with different degrees ofartificiali­
sation.

llle c1imax vegelalion, hypothetically, before the introdllction ofcattle breeding,
would have had a larger proportion of bushes and shmbs, particularly Ihe genllS
Bacc/wris. In sorne wetter habitat, could prevail big tall herbs and grasses, commonly
named slraws. Generally the campo would have more humidity due lO the big forbs
and bushes dead material accllmulalion Ihat would SIOP rain waters mn off, while
mulch would prolecl soil from walerSlress, thus keeping humidity excessesdllring
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Figure 2 • Vegetal community c1assilication aceording lo producliva types and ~
vegelation covered area (forbs. weeds, bare soil, mulch and stones).
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soiJ. Aftertwo or thrce year short cycle perennial specíes regin to increasc, decreasing
annuat and herbaceous weeds (raw campo). From the fourth or fifth ycar perenniat
species become prevalent, being frcquent sorne shmbs; the cacspitose grasses remain
as indivídualised luftS and appear new specics whilst olherexlinguish. Duringthe
subsequenl years perennial species become prevalem with a frequency of about
90%, plants lose their individuality when mixing lillers ofdifTerem species, lhe first
stages pioneer planrs go disappearing, and, a vegelalion with a struclure Iike lhe one
from the begínning is being recomposed, but inferior lO theexistíng before lhe crops.
Al this slage (recovered campo) the vegelalíon has a marked prevalence ofwann
season species (C4), and scaree individuals oflemperate (O) fine species. GeneralIy
sorne bushy weeds and coarse grasses as Bennuda grass (Cy"odoll dacr)'Joll) remain,
and in some silualions can have a frequency near 100%, decreasing rnarkedly pas­
lure quality and affecting negatively cultivatOO pastures by rcduced their persíslence.
Recovercd campo composed by native and adapled species. has a forage produclion
30 lO 50% lower to Ihe one Ihc paslure had before grazing. On the olher hand, the
nulritional value is also loweron dccreasing hígh qualily grasses and bcing rcplaced
by coarse grasses.

The use ofherbícide when direcl drilling, that has gained importance in the lasl
years, provokes too remarkable changes in vegelalion. After several years ofnon­
selective herbicides for annual wintercrops sow, native species trcnd todisappear,
annual summer growing plants reach a relative frequency ofaboul 75%. represenled
by Iwo species, appear sorne shrubs. and some rhizome or tuberose rool species,
having disappeared caespilosc grasses. Thís vegetation structure is situaled between
aftermath campo, due lo the high frequency ofannuals. and raw campo stages, due
lO some perennial species and bushes. 70% ofthe species rcgislered after hcrbicide
applícalíons are differenllo the original (Berrctta el aJ. 1997). These vegelation
modifications provoke a degradation of itselfdue lo good qualilY perenniat species
being subSlituled by annual and non-produclive bushes forcatlle feeding, affecling
Ihe prescrvation ofthe species lOO.

Campo Iypes
This vegctal coverage is variable in botanical composition and densily according lo
the geological maller, Ihal gives place 10difTerent texture, fertilily and depth soils,
topographic position, c!imale faclors and all.ilude. In order lO planl conununities
study, species are gathered in productive Iypes, which, relate their quality, producti·
vity and their relationship with grazing (Rosengurtt, 1946; 1979). This authar
proposcd Ihe c1assificalion ofproduclive types lO supply nutritional value data of
hundreds ofspecies composing paslure, in order lO be able lO rcason or Ihink of the
present and fulure campo management. This c1assificalíon was based on lhe
observation of localised area species and Ihe perfonnance evolulion of the grazing
animals. The hierarchy givcn lo species with thiscmpirical c1assification has been
proved by later nUlritive value analysis (Berrena, 1998 a).

In Figure 2 difTerent communilies developcd on difTercnt types ofsoil areob­
served, with differenl texlure and deplh. that have had been grazed by both bovine
and ovine, and equine occasionally, in differenl proportion, with fluctuating slocking
rales according wealhcr and economic variations, and, generally wilh conlinuous
slocking. Species grouping has becn made according produclive Iypes: within wceds
are included Ihose widc leafgrasses Ihm can be ealen by animals and olhercanbe
toxic, wilh variable height-from proslrated lo erecled habil. In Ihis group is also

Figure 1 • Scheme of relationships between clímax vegetation and humane activity
induced secondary successions.

Time

much looger periods. The annual native species and small forbs have probably a
rupestral origin; al prescnt the masl frequcnt annual species are exotic.

Cante and horses were the firsl domestic large herbivores introduced in the
region by me Spanish colonists in the beginning of the XVII century; the ovine
arrivcd in the halrarthe XIX century. Mao aClion, Ihrough lhecnlry orlhe domeSlic
animals in lile natural prairie sySlcm, has caused changes in vegetative types, so Ihe
grazing would be lile maio faclorthal keeps ourcampos in herbaceous pseudoclimatic
phase (Vieira da Silva, 1979).

The nalUral grasslands actual condition would be (ar apart of thcir nalural
polcmiaJ. In theclimax Ihere would have a prevalenceofbushes and taH grasses, of
low appelibility and scarce nutrilional valuc, lhough can be biologically producti­
vc, but oflow cattle and horses feedingaplilude. Therefore. the aClual silualíon of
pasloral disclimax seems lO be more apilo grazing animals feeding.

In rhis situation of pasloral disclimax, Ihe soillhal has never been cultivaled
can suffer from degradation, particularly due to high stocking rale grazing. It is
possíble to recover, exccpl. in !hose situations ofimpoverished and eroded soil extreme
degradalion, cxcludinggrazing fortong periods and wilh a carerul subsequent ma­
nagemenl. Theapplicalion oflow dose inorganic fertilisers and lhe introductiol1 of
legumes specíes ín some oflhese stages allow taking the pasture lO a beuercondition.

When arcas Ihal have been grazed forcenturies areexcluded from graz.ing, as
is Ihe caseof an arca ofthe "Glencoe" Experimenlal Unil, located in 32° 01' 32"
South lalilude and 57° 00' 39" Wesllongitude, belongíng lo INIA Uruguay, which
has becn excluded from grazing from 1984, is observed the beginning ofcaespitose
grasses Ihat fonn luftS, with lhe reduction ofsmall ones; also begin lO grow undcr­
bush'es and bushes Iike Eupatori/lm blltliifolium. 8accharis anicllJata, B. spicata,
and B. trimera, while B. coridifolia decreases for ils beíng a species Ihal thrives
when grasses are weakened due lo grazing. Afler six ycars B. dracllllclllifolia ís
regislered, a bush 3 m high, with branches easily breakable by domeslic animals. B.

artiC/lltlta population has remained for abouI five years, when planls have died
ahnost simultaneously: after a similar period l.he populalion has re - settlcd and
died again and actually new plants are developing. The primitive individuals of
E.blmiifolium are kepl and there are younger ones too. The size oflhe grass tufts
increases and decreases the number of individuals Iike Stipa neesiatw, Paspalum
diJatatum. CoeJorhachis se/loatla, Scltiztlch)'rium microstach)'lIIn. The grasses
that have very low frequency and scarce flowering under grazing conditions, like P.
illdecorllln, Schizachyrium imberbe, Digiraria salrellsü. have a large develop­
ment in thissitualion.lbe native's legumes, though low in frequencies, have also a
largerdeveloprnenl. With thecontinuation ofthe cxc!usion ofgrazing is also produced
a high storage ofmulch thal provokes importanl alterations in soil walerretemion,
which, togethcr with Iheheight ofgrasses and bushes, modify the microclimale. On
stopping the action ofa faclorthat has laken the vegetation to an new equilibrium
point, Ihis rclums to a similar level, though nol exactly to the fonnerone (Laycock,
1991). Therefore, the described situation can be somewhat similar lo the previous
to cattle imroduction one.

Tillage provokes dramaticchanges in Ihe botanical composition oflhe natural
paslUres, eliminaling a large pait ofnative flora. Once a campo is no longerculliva­
lOO diverse stages in difTerent lapses are delennined, according lO c1imate condition.
soil typeand grazing management. At Ihe firsl stage (aftemmth campo) lhe vegetation
iscomposed by gramineaeand dicotyledoneae arvense annual species, anthropophyte
generally,oflow forage value, sorne oflhem weeds, and a high percentageofbare



Procee(lillg~' of tl,e XIX /lI/emariOl/af Grassland COIIgress lOOI 941

Figure 3 - Relalive frequency (%) olthe most importanl species of a campo grazed by
0.8 AU ha". 211 sheeplcattle relalionship, in winters 1985 and 1992.

trealmenl (6.5%). Winler specics Carex SI)., Sti,mlleesialla and Oxalis sp. show
thesame panem Ihan in thc forlllcrcasc.

Annuai forage production calculaled as the average ofnine years, using a 1.1
AU ha· 1 slockillg rale, rotational slocking ¡ll1d low shccp/cattlc relationship, 211, is
12% higherlhan conlinuous slocking, high shccp/cattlc rclalionship. 5/1, and same
slocking ralc. Thc fomge produclion ofpastllres whose mallagcment included resl
periods is 10 % highcr than Ihe onc obtaincd wilh conlinuous stocking.
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GRAZING MANAGEMENT RESPONSES

included area nol covered by vegelation. constituted by bare soil. mulch and stones
(Berreua, 1996).

The species relalive frequency and therefore productive Iypcs change Ihrough
successiveseasons, espccially belween winler and spring, (110 2: 3 t04; 5 to 6; 10
to I 1). seasons very difTerent. Generally, forbsdecrease and vegelal coverdensily
increase is regislcred, as well as a finegrasses increase. with Ihe rela1'ivedecre.'lseof
coarse and hard ones.

These represenled siluations show Ihe communily varialions in nalural
grasslands as for densily. bolanical composilion and produclivity. which, makes
Ihat forage annual yicld to be distributed along a wide range. In shallow or low
fenililY soils Ihe share is aboul 2500 kg DM ha·1 (dry maller). in medium dcplh
soils reaches 3500 kg DM ha·l, in deep high fenililY and sandy soils produclivily
can surpass 6000 kg DM ha·1 (Rosengunt. 1943, 1946; Fonnoso. 1990: Serrena,
1991; Berrella and Bemhaja. 1991: Mas el 01.. 1991: Ayala el 01..1999). In grass­
lands with taH hard grasses (slraws) prevalence produclion can gel ovcr lhesc figu­
res, but are not palalable and animals callhcm only at exlremc silualions. 111is
annual produclion, for most communities, is concentralcd mainly in spring and
summer. being 80 lO 85% in sandy soils, and 60 lO 70% in autumn growth vegetalion.
The winter share ranges from 6 lO 7% in sandy soils lO ID lO 15% in communilies
wilh coal season specics.

Seasonal ch:mges are more or less regular in nalural pasturc ecosyslcm, bul
within seasons the uncontrollable innuence of wealher with lInexpecled evenls.
incrcases forage produclion variability, ando Ihcreforc has a marked innuence in
those scasons whcrc most of Ihe forage groWlh is produced (BelTeua, 1991). The
values ofthc mClcorological paramelers vary among years. and, can happcn altcnlate
long rainy pcriods with olhers witholll rainfalls. Climalic varialions afTccl difTeren­
tially forage growlh in differenl seasons. Summer daily growlh rale (DGR) has a
variarion cocfficicnl near40%, meanwhile Ihesmallesl variabilily scason isspring.
which coefficient is about 30%. being this varialion largerfor Ihe shallowcr soils. In
aulumn and winler Ihe DGR variation cocfficienl is bclween thc formerly named
values. Ifweconsidershoner pcriods, as Illonthly daily growlh, variability is mllch
higher, with variation coefficienl values belween 50and 70% forsummcr months.

Within thern it is possible loeslablish a relationship belwcen Ihe % ofspecics.
which eomposc Ihcm, and, Iheirpanicipation in soil eoverage. Theorctical sludies
(Dagel and Poissonet. 1971) sllow Ihat relalionship is in accordance to Ihe 20/80·
concentration law. Research made in different vegetation. show along scasons va­
riable relationships belwcen 30170 and 20180 (Olmos and Gordon. 1990). According
lhe numberofillvenloried specics. which, is generally high. abouI a dOí".en according
lO vegetation Iype. are Ihe ones who make the biggest conlribulion lO forage pro­
duclion. Their idcnlification is ofpan.icular imponance lO follow Ihe communilies'
cvolution and order callle managemenl.

Sludiesdone in difTerenl oommunities and seasons show thal thcre is a prevalencc
of warm season species (Gallinal el al.. Rosengunl. 1943: 1946; BelTclla, 1988:
1990; 1991: Fonnoso, 1990; Olmos, 1992; Boldrini, 1993). In alltumnand winler
the relalive freqllencyofwinlerspccies increases, bul does not prevail over wann
season ones. Wilhin winler species. about 50 % are small forbs and coarse grasses.
while fioeones are scaree. As fonnerlyexpressed.lhis prevalenceofsummergrowing
species is what explains Ihe higher produclion offorage in spring and summer.

Figure 4 - Aelative frequency (%) 01 the mast importanl species of a campo grazed wilh
1.1 AU ha'l, rotational sloc:king, 511 sheeJYcattle relalionship, in winters 1985 and 1992.

Theanimal rotational stocking and high ovinc/bovine relalionship combinalion.
wilh continous stocking. is lhe one Ihal inlroduces more modifications ioto the
vegetation (Figure 5). In Ihis case. Paslmllllll pliC(lflllulII, Al/dropogoll tematus

and CQelorJUlchis selfoalla. wann season grasscs. are negatively arrccted by winter
and grazing, particularly Ihe firsl one which has creel slructure, wilh long leafshealh,
and docs not adapllo gmzing in thcse condilions whcre Ihesward surface height is
lowerlhan 3cm high along scasons.ln Ihis silualion. small forbs begin lo be frequcnl,
winter ones. like Chevrelllia sarmentosa y Pamphalea helrophyla being this one
Ihe most frequcnl spccies in 1992.1l1e increase ofrelative frcqucncy ofthisspccies
indicales pasturedegradation. Thc incre¡¡seof Paspaflllll 1I0tatlllll soil coverage is
related lO ils proslralcd habil and to ils adaptation to Ihis grazing conditions. The
same happens lo rrifo/iwIlIJO!illlorl)/¡ul1I, low frequency, low produclion, tender,
cold SeaSOll,llalive legume. Palalable winterspecies. on f10wcring when Ihe herbage
mass is lower, do not reach seeding; Ihen Iheir persislence relies uniquely on in
vegetative reproduction mechanisms.ll1ese grazing conditions do not allow dead
material to accumulale. so N contenl is 1.5 %. In 'this silualion a dccreaseof pasture's
amount ofspecies is rcgislered.

Figure 6 schemcs fomlcrly analysed (Figures 3. 4 and 5) nalural pastures stale.
Slocking raleofO.8 AU ha-l. continuousslocking and relalionship 211 sheeplcattle

Effect 01 re/ated to graung lactors O" vegetatiotl evo/u/ioll
Main grazing faclors Ihal arreet sward botanical composilion are slocking rale,
grazing method and sheeplcattle relalionship. Figure 3 shows thecomp..'Uison bctwecn
main species relative frcquencyof a campo grassed wilh 0.8 AU ha·l(animal unit).
conlinuous slocking. 211 sheeplcalllc relationship trcalments in winters 1985 and
1992. In this silualion. Ihe slocking mle effecl is reduced: species like: Care:c SI)"

Stipa lIeessiollll. and Trifolillm pol),lIIorplllllll. all of Ihem cold scason (C3) oncs,
have theirconlribulion increased due lO a harder winter. On the other hand. wonn
season grasses (C4) like: Schizachyrium spicatlllll. Pllsplllllmpliclltu/1I1Tl y Cee/or·

hochis SeflOQlIll have a decrease in their soil coverage participation, due lO fonnerly
menlioned reasons, Ih:ll also stimulale the leaves senescence. This last spccies is.
furthennore, negativcly afTccted by grazing,even in slocking rales like Iheone uscd
in Ihis silumion. TIte tendency observed for Oxafis sp (cold scason spccies). could
be explained by an inerease in vcgctJ:11 coverage height incrcasc, which. afTccls Ihis
forb ncgatively.

Whcn grazing is done wilh a higher slocking rate, (1.1 AU ha· I). highcr shcepl
callle relationship (511) and rotalional stocking, Ihe cffecl of 1985's milder winter
on planl C3 and C4 planl conlribulion is also manifestcd (Figllre 4). The mosl
frequenl warm scason grasses in Ihis trcalment are: Schiz.acIJiriul1I .~picatum.

PaspalwlI pficatll/WII. Amlropogoll tematus, all of them coarse produclive Iype
(Rosengunt, 1979). Thesc spccies have a high senescence rale, for which Ihey store
dry leavcs in shon lapses. panicularly during winler. Resl pcriods (60days in Ihis
case), have allowed Ihese Ihree species lO 3ccumulaledry mallero This dead leaves
3CCumulalion makes Ihe crude protein (CP) content be inferior (5.7 %) lO Ihe fonuer

• Winter 1985 o WWller 1992
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Defer grazillg
On whole yearopen air-eondilions natural grasslallds grazing. animal produelion
pcr area unil is low. 50 - 70 kg I¡ve weight ha· l . Animal weighl inereases along
year's differenl seasons are \'ery variable. in function ofc1imate faclors and quantity
of forage available for animals (Pigurina el al.. 1998). For winlcr-feeding il is

convenienllo c10se nalural pasture paddocks dllring aUlUmn in order lO
slockpiling forage. in case Ihese pastures had winter speeies. Based on
differcOl scasans forage growlh. il is possible to reach wiOler wilh enoogh
herbage mass. When from 1300 lo 1500 kg DM ha· 1 are oblained, wilh
a S- 6 cm heighl al lhe firsl case, and 7 - 8 allhe seeond.larnbs neonalal
loses can be reduced frolll 20 lO 10 %. working wilh a stocking raleof5
ewes/ha during pregnane), lasl third (Molllossi et lI/ .. 1998a). Caltle
weighl increases during winler are about 200 g ¡m·l d· l , when offering
ISOO kg OM ha- l ; with no forage slorage loses in Ihis season are over
this figure (Pittaluga el a/.• 1998). When eold season grnsses are scaree,
aulumn forage aceurnulation musl be done during short periods. because

lhe ste.lrns lenglhening makes Quickly decrease forage qualily. Under Ihose autumn
low growlh and lose ofqualilY at enlarging Ihe resl period, aceumulated forage is
nol enough lo fulfil animal m:;eds and gellive wcigh gains (AyaJa el a/.. 1999).

N + P fertilisatiolJ
Relatively low and P~O.s dose ulilisalion (90 kg ha· l yl; 44 kg P~O.s ha·1yl)
fa\'our soil's trophic level inerease. specially iflhis fertiliser amount is applied divided

CAMCOSIMPROVEMENT
Thc low nalural paslures' winter growlh and Pand N deficiencies. in most soilsof
the region, has loo lO the introduclion ofN to the system throllgh lhe applicalion of
inorganic fcrtilisers or lhrough legumes logcther P fertilisalion in orderto facililale
Ihe lalter settling and production. Herbage fcrtilisation with P has searce impael on
forage ootanical eomposilion and produclion illcrease, lowcrthan 15%. due lO me
lo\\' frequency ofnative legumes.

of the associatcd vegclalion. In Ihis case prevail eoarse grasses. wilh rapid dead
leaves accumulation. whal reduces ils palatabilily and due lO Ihcir erected habit
reduce lheamounl oflight P. IIQ{(l1Ill1m gelS. Sloloniferous proslr.ucd habit species
(Figure 7).

lllis sloloniferous spccies is freqUCnI in most regian's gmsslands. Grazing intensity
3nd N diffcrcm levels havc marked incidence in tiller population. '111C number of
expandcd leaves per tiller increasesalong wilh N level reduclion, bcing Ihis number
as four. When lheamount of Nis rcduced. 51010n amounl in planlS' acrial OM ¡ncreases,
as a way of increasing environlllcnt explomlion in search ofmore fertilc places and as
arcservoirofN supply forgrowlh. On theolherhand, lcaves life span ¡ncreases wi1h
lower grazing inlensilies and wi1h moderalc N levels, varying bctwcen 21 and 31
days. This kind ofdelcnninalions allow lO adjust between- grazing resl pcriods in
grasslands where this specics prevails, as primary produclion can be increased. the
lalesl nol being reflecled in etTeclive animal production (Boggiano. 2000).

Grasslands wherecoarse C4 grasses prevail, wilh scarce and low pr<XIuclion
C3, grazed with 0.8 AV ha-l. year rOlational stocking rale foragc produclion is
23.4% higher than production wilh continual slocking and 211 sheep/caulc rela­
lionship produclion. Continual slockingand 511 sheep/cattle relationship only rise
forage annual prodllction in 12.2% (Fonnoso ;l1ld Gaggero. 1990). The grazing of
these vegelalion with 0.8 AU ha· l and high sheep/caule relationship favours Ihe
fonnalion of double slructure profile fommtion. wilh stolonifcrous shon grasscs
likeAmllolJ/ls ajJillis arcas. and olhcr arcas wilh coarse grasses, which. aecumulatc
dcad material. that cause forage wasle and a decrease in animal pr<XIuclion. This
silualion happcns mainly under rotalional grazing and C4 grasses promOlinggrazing
method. These vcgelalion's N values vary from 2.2% in winter. lO 1.4% in summer.

. Organic Maller Oigestibilily (OMO) varies belween 55 and 58% (Fonnoso, 1996).
The high grazing intensilY unifonn profile. ando mosaic double struClure thal happen
when low inlensity grazing is applicd. have also becn registered by Boldrini (1993).
Except in shallow soils campos whcre short spccics prevail. which do not accumul~le
dcad matter, being grazed only by sheep result in an illadequale grazing manage­
menl praclice given lheir preference for short and palatable grasses. rejeeting hard
and coarseones, what causes degradation in some arcas and forage wasle in others.
1'0 unifoml the vegetal covcr high ovine stocking Tates must be uscd. wha!' generally,
reduce animal pcrfonnance. Mixcd oronly oovine grazing, al10ws a beller vcgetation
control in Ihe region'sgrasslands.

Therc is a grazing mclhod etTecl lhal remains along time. In rOlale slocking
rate paddocks. even wilh relatively high stocking Tale and sheeplcaule relationship.
a higher regrowth is regislered in Ihose Ihat have hadconlinuous stocking rate and
equal or a lillle billower slocking rale. Therefore. grazing resling periods favour
pholosynthetic lissue rcbuilding. and Iherefore. plants abilily lO produce food for
theirown survival. High slocking rategrazing can increase hydro- slress eaused by
root system weakening. callsing exeessive over soil waterdrainage and humidity
evaporation. partielllarly in lhose vegetation which have degradalion.
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Figure 6 • Scheme 01 vegetation grcued with dillerenl slocking rates, grazing methods,
and ovinelbovine relaljonships.
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Figure 7 - Paspalum nolatum relalive Irequency (%) evolulion al continuous and
rotalionaJ stod<:ing, same stocking rale and sheeplcatlle 511 and 211 relalionship.
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has not provoked important changcs in the vegelalion (a). Ifbesides Ihe stocking
rale inerease. ovinelbovine relationship goes lO S/I, Ihe Subslitulion ofmore pro­
duclive spccics by less produetive ones bccomes remarkable (b).lf slocking rale
execedscarrying capacity, achange in vcgclal communily is generally produccd.
swilehing toa less produetiveor Icss valuable for animal fecding one, as~inled lO
ehanges in vegelative l)'peS (Formoso, 1987: Olmos, 1992). This happotls bccallse

seleeli\'egrazing places in a lesscompetitive position the most e.1.len planls. On the
olher .hand. ovine have a higher polcnlial than bovine lO provoke natural pastures
degradalion. In rotalional slocking paddock, dominant spceics are eaespitose ones:
the small forbs :tnd rosulate ones lrend todecreasc under Ihese eondilions (e). Possibly,
due loan exccssivc resl pcriod fortheanalysed vegetation lype. an increase in coarse
grasses sueh as Am/ropogolllemlll/ls, Arislida IIl"11gllayemis. Paspa/lI111 pliclIIllfum

y Schizach),rilll1l spiClltllm, is verified. Nevenheless. il is possible to bcHer
administraU~; and slockpiling forage for winlerlimes (Berreua, I998b).

According to slocking rate and grazing melhod. some species as Papa/11m
"olatum, vary their frcquency. which is increased al high slocking rales, and
continuous slocking. The decrease in relalive frequcney oflhis species. al rolational
stocking. isassocialed to an excessively long resl pcriod and to lhe \'egelative types

• Winter 1985 O Winler 1992

Figure 5 - Relative frequency (%) 01 !he mosl importanl species 01 a campo grcued
with 1.1 UG ha", continuous slocking, 5f1 sheep/catlle relatiooship, in winters 1985
and 1992.
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o Poa ianigera
.lolium rrultiflorum

e lotus comiculalus
o Piplochaetiumstipoides

• Bothriochloa laguroides

• Trirolium repens
• Slipa nusíana

• Vulpia australis

FIgure 9 • Frequency (%) 01 Ihe most imporlanl species in by legumes inlroducing
improved campo.

20

'0

100
l

J:

120

o '-"'''-.1-.1-
!N81 Sp81 1.88 lN88 Sp88 5089 !ltl89 Sp89 S!JiO 1.90 VWO

In siluations the campo has a high proportion of wann season species and win­
terones are annual, results are very different. Fertilisation at Ihe beginnings ofwin·
ler favours the prescnce ofannual winlergrasscs, Vlllpia ouslratis, GatldillioIragilis,
with a limited productive polentiallo the end oflhe season; de disappearance of
Ihese spccies at ending their cycles leave spaces thal can be occupied by other not
wanled planls. Spring fertilisation incrcased growlh towards summerending, when
summer grasses grow and fruclify. The Organic Mauer Digeslibilily (OMO)ofthe
fertilised forage was higher than the nOllreated sward (Formoso, Pers. Comm.).
Fertilisnlion Wilh N markedly increases spring and sumiller production, bUI wilh a
reduced effecl in winler. This nutrient stimulates the increaseofannual species in
dClrimenl of perennial ones (Ayala nnd Carámbula, 1994). The + NP fertilisation
increases 3 and 4 limes beefproduction pcr heclare compared wilh campos withoul
fertilisation applicalion.

''''1 _

LEGUME INTRODUCTIQN

Effecl oII!le inlrodllc/iotl oI/egllmes species 011 Ihe bolallical
compOSiliotl 01 'latural grasslaltds
The need lO improve Ihe natural paSlures ofUruguay primary production. as well
ns Ihcir qualily, has led to legumes inlroduction by zcro or minimum tillage lech­
niques, as one of lhe ways lo incrense secondary produclion. The yield of Ihese
improved paSlures is according tosoil and vegetalion types. 50 lo 100% supcriorto
paslures with no legumes introduclion, being winter yield up lO five times higher.
Secondary produclion is up lO six limes not improved grassland production. This
kind of nalural grassland improvemem nllows Ihe inlroduction of nitrogen to the
ecosyslem at a reduced cost.

Sward preparation for sowing is possible lO only through gr3z.ing, and no
herbicide applicalion. Oepending on vegetation composilion and wcathercondi­
lions, Ihis prcparalion begins al spring endings or summer with caule graz.ing: al
final stages, previous to aUlumn SO\'l. it is convenienl to use sheep to reduce grass
coverage up lo 2 cm, which, is ndequme for sccd proleeting. Through this leehniqtJe
il is possible lo get sure pinces for goad soil -seed conlacl. wilh no herbicide use,
which. in general. affeel negalively caespilose species (Risso, 1991).

Once lhe introduced species sculed, and along wilh time. one of Ihe mosl im­
portant observed changes in vegelalion is Ihe increase ofcool season species (C3)
(Berrena and LeVr3110, 1990: Bemhaja and Berrelta, 1991). In olher basaltic region
similar vegelntion, wann season spccies (C4) frequency is always higherthan win­
ter ones' (Fonnoso, 1990; Serrelta. 1990). Winler species relalive frequency is
aOOut75%. wilh similarvalues fornalivegrassesand introduced Trifolitllll repenso
Higherquality frequcncy increase makes forage Nconlenl be 3.2%.

In order introduced species lO remain in the paslure, Ihey are bound lO nower
and seed as a way lO ensure thcir nexI aUlumn regeneralion. going Ihrough summer
partly as planls and pnrtly as seed. This reduclion or total stock withdrawal nolonly
allows cultivate species resecding, but nlso would fruclify winter nalive species
such as Poo Itmigera, Stipa lleeSill1U1, Piptochaetillm stipoides and Adesmia
bicolor. Thcreforc,lhe preservation of Ihese species in natural grasslands is relaled
lO resl period which allow them lO nower and fruclify, and lO a trophic soillevel
increascas well.

In Figure 9 is shown mosl frequenl species' evolulion ofsoil covcrage oflhis
improvemenl with Trifolilwr repells and Lolllscomiclllat/lsvegetalion. It is impor·
tant lO mention the increase in lhe frequencyof Lolium mulliflonll", inlroduced by
animals and adapted lO new conditions. Botllriochloa lagllroides is the principal
summer spccies.
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SlDl1Il1er Autumn Winter Spring

Spring forage growth, forcampo + NP, is over 1600 kg DM ha· l , while, forthe
campo withoul NP. Ihe growlh is of abouI 1000 kg DM ha· l . Summer growlh is
c10sely linked lo rainfalls, thus being very variable. The annual incorporation of92
and 44 kg ha· l ofN and P20~ respcctivcly, allows increasing forage produclion with
an efficiency of7.5 kg DM per kg ofnutrient for the first ycar and ofaOOuI 24.0 kg
DM per kg of nulrient for the following years (Berrena el 01.. 1998).

Forage Nconlent is always superior for the fertilised canlpo. For nalural pastures.
the highesl N values are regislered in winler and spring, and the lowesl in summer,
when forage is ripe, and generally happen walerdeficiencies. Fenilised forage N
contcnls reach 2.3% in wintcr, meanwhilc nol fenilised is ofaOOull.7%; in spring.
these values are of2.8 and 1.9% respectively. In summer. values drop to 1.7 and
1.3%; in winterrisc lO 2.2 and 1.7% respectively. Taking winter forexample, nalu­
ral grassland produces approximalely 38 kg ha· l ofcrude prolein (CP). meanwhile
fertilised grassland produce aOOut 95 kg ha· l CP. The highesl content of P (mgP
gDM·I), as well as Nofgrassland forage is registered in winlerand spring, and the
lowest is regislered in summer (Berreua, 1998a). In the firsllwo scasons Ihe conlent
of Pis aOOut 2.3 mgP gOM-' for feniliscd case, and of 1.8 mgP gOM·1 for n01
fertilised case. In summer Ihese figures are 1.9 and 1.5 mgP gDM·I• respcclively.
and in aulumn 1.5 and 2.2 mgP gOM-1•

Trough Ihedifferenl scasons oflhe year winter species' relative frequency is
higher in fertilised campo Ihan in Ihe not fenilised. The increase ofC3 grasses is
related lo the addilion of these nutrients, which rise the lrophic level of the soil. The
stimulus lO perennial wintergrasses through fertilisation is a way lO change vegetal
coveragecomposition. improving winter produclion.

Productive winler species such as Stipa lIeesialla, Piptochaetillf1l stipoides,
Poa lanigera and Adesmia bicolor Irend lO increase their prescnce along with
fertilisation. Good quality wann season productive grasscs such as PlIspa/uIII
nOtalllln and P. dilalalllm, increase their frequency as well. Coarse grassessuch as
BOII,riochtoo 11Igllroides and Alldropogml lematlls are less frequent, ando
Sclliwchirillm S/JiClllllllI is even less frequenl wilh fertilisation as it is a peor
environment species, showing Ihe same behaviour in campo improvements where
as fertililY increases,lhis species decreascs ils frequency up lodisappearing. P. p/i­
catlllwlI alsodecreases along with fertilisation, although thisdecreasecan be linked
toan palatability increased since its lcaves remain grecn forlongerperiods than in
not fenilised campos. Nalive legumes increase Iheir relative frequency to values
c10se lO 5%. Weeds have a scaree participation and do nol increase wilh fertilisntion:
are represenled by Baccharis coridifo/ia, B. trimera, and Heimia sp.

in two, onehaJfon autumn beginning, and theotheroneon winlerend. This stralegy
can be followed wilh vegetalion which posses good wintcr pcrennial grasses at a
relalive frequency ofover20%. Aulumn application favours winter grasses growlh
and regrowlh, and the lenglhcning of waml season grasscs growlh period up lO
autumn beginnings; on Iheolhcrhand, wintcr'sendings fcrtiliscr applicaliqn. keeps
favouring winter species growlh. and makes the wann season ones regrow~ before.
Earlier regrowth ofC3 and C4 species as well as Ihe decrease in the resting period
ofC4 specics tcnd to reduce the period of low winler growlh (Bcmhaja et al., 1998).

As long as thetrophyc level ofthe syslcmgoes increasing. fertilised soil forage
produclion gaes. setlling down in a value thal is 60% superior to the one of Ihe
campo wilhout NP. The seasons which fertilisation can have more innllence from
caule managemcnt point of view are autumn and winler. The DGR in alllumn is
higher for fertilised soil (Figure 5). To reserve live forage. lO feed dllring winter
rcaring calcgories as much avine as bovinc, autumn growlh would be enough lO
accumulate over 1000 kg DM ha· l , besides available forage before paddock c10sure
or a marked stocking rate decrease. During winter, fertilised campo DGR is ncar
100 % superior to the campo nat nulricnts addcd.

o Carrpo • Carrpo + l'tP

Figure 8 - Four seasons daity growth rate (kg DM ha·' d·1) of nol - fertilised campo and
N+ P fertilised campo.
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In more degraded \'cgclalion. compased by unproductive coarseor Jow palala­
bility grasses, grass·like and foros. (he overseeding of legumes, induces as well
positivechanges. Lcgumes relativc frequency (Tri/olil/m repens, WlllS comicufallls)

is abou! 60%; productive native winlcr grasses, Slipa lIeesümll aod Piptoc}welium
slipoides aod acc1imated ones like Lolium multiflomm, ¡ncrease their frequency.
aod forbs aod unproduclive coarsc grasses are reduced (Berrella aod Rdso, 1995;
Risso and BerrclI3. 1997). Annual aod pcrenniallegumes ovcrseeding ih pastures
eomposed almosl exclusively by e3. with ao anllUal produclion of3400 kg DM h:r
1.lcads rorage produclion lO values of86OO kg DM ha'l (Ayalaer al. 1999; Berreua
et al.• 2()(X). When legumes are introduced inlo campos where prevail coarse grasses
and forbs. the resulting secondary production is similar to Ihose grasslands with
higher frequency ofnative fine grasses.

heights lO grasses' grecn Icaves. Gcnemlly. when accumulaled fornge is over2000
kg DM ha· l • the probabililyofdead malerial in animal diel increases, particularly in
canle case. Therefore me diet nutritional valuc decreases and possibly affecls
negatively animal and pasture prodllCtivily. In general. campo + NP and improved
campo'sdifferentcomponcllts venical distributioll followcampo trends (Monlossi
elld.. 1995b).

Gra1.ing conditions alter "nimal voluntary intake. "ffecling differcntial1y shecp
and cattle inlake. altering therefore the subslitution raleoflhe differcnt animal spe·
cies. 111ese animal selection studies shown that the commonly accepled subSlilution
rale of 5 sheep by I beef. is underestimated. and could achieve values of 7 to 1,
depending on the type of vegetation communilY, forage produclivily. structure.
nutritional value. animal c1ass, elc. (Montossi el a/.. 2000).

46.8
35.1
32.3
42.1
38.4
33.3

AOF(%)

1.34
2.11
2.54
1.95
1.98
2.27

tmproved Campo

1760

3920

TOWARDS AN ECOLOGICAL MANAGEMENT IN ORDER TO
PRESERVE CAMPOS' PRODUCTIVITY AND DIVERSITY
Natural grasslands are the region's beefand libre produclion main basis ando a latge
reservoir of indigenous grasscs and legumes, which need to be selccted and explore<!
in craps. Only through a deep knowledge of the morphological and physiological
charactcristics ofnativc spccies, we wil! be ablc to preserve and improve our natural

herbage and prolect soil from erosion and
degr.ldation. Rescarch carried out in the region
shows m"t nalural grasslands' potenlial is very
high, comparable tocropped pastures and wilh
much higher persistence and adaptation.

Studics carried OUI on natural vegctalion
dynamics undcr submission to man controlled
differenl factors show Ihal changes in them
are produced. These changes happen slowly,
beiog more important aloog the year, seaso­
11,,1 variations Ihan grazing. For longer lapse$,
conlinual stocking rate and high sheeplcattlc
relalionship provoke degradation in pasture
condition that is manifested by a dccreaseof
primary produclion. Oflen, due tocconomic
aOO social reasons, a high stocking rate is kepl,

lhalleads lo a lower animal production: highcr slocking rates can favour higher
benefits. bul high loses risk is higher too. The continuation and deepcning of natural
vegetalion study and its main componenl specics will a1low more adequately knowing
!heir production and persistence. II will as well allow beuer undcrstanding!he aetion
of those factors which, allow gelling a higher sccondary produclion, beefand \\'001
in ourcase, Ihrough a primary produclion increase.linked lO forage resource betler
exploitalion and prcservalion.

When stocking mtes are adjusted lO grassland potential, and grazing method
inc1udcs resl periods. it is possible to keep acampo in good conditions. wim variations
c"used by seasonal change.'l. 111e grassland ecosystcm is highly stable, and is capable
ofrecovering after violent impaclssuch admughl.

In nlOSI ofthe region campos cxisl high spatial variability. due mainly losoil
Iype. which combines with c1imatic varialions and managemenl practices impacL
This \'egelalion managemenl must be adjusted locomponem specics' morphological
and physiologic features, therefore, is convcnienl to manage thero separately.ln
order lO dcsign!he grazing syslem to applied is necessary lO Imow precisely thetype
of spccies preseot in each vegclation communilY. taking ioto accounl produclh'e
Iypes. panicularly when coarse and hard grasses prevail, because wilh long res¡

periods and insufficient instantaneous stocking rates can Ie..'ld lO their increase. The
most imponant management decision is lO detennine a right stocking rate, which let
:lchieving an animal performance goal for cach campo type, with no dClerioration
of the grassland ecosyslem, Each \'egelation has a potcntial produclion Ihat will
detenninc it carrying capacity. The biggesl problem in developing an optimal stocking
criterion for natural grasslands managemenl is me nced lo preserve forage in order
to use il al moments when grass growth is limilcd by humidily or low temperature.

Legumes species introduction. phosphorus fCl1ilisalion at sowingand phospho­
rus annual re-fertilisations, 3fld grazing managcmem lead vegetation, through a
slow biolic process, loa newequilibrium poinl whcre yield andquality aresuperict
lO the exisling ones al the slarting poin!. In order lO keep the pasture allhis new
equilibrium factors like grazing and fcnilis.... tion necd to beconlrOlIed veryclosely.
This cffcct is manifeslcd through vegetalion wilh winter species prevalence, when:
good quality perennial spccies areoutstanding.ll1is is a good altemative to increa­
seallnllal primary production, anel panicularly during winterlimcs, with noherbidde
use, preserving natural vegetation's prodllclive spccics.

111e rise ofsoillrOphic level due lO N and Paddition increases natuml herbage
produclion and qualily. This process is relatively slow, registering from theapplica­
tions firsl )'car. differences Ihat increase as increase ~he addilion ofnutrients. The
"disturbance" provoked by fcnilisalion Icads vegeL.1tion lO a new equilibrium poill.
wim changes io botanical composition consisting ofan increase in more prodocti\t
specics frequency, and thcrefore a larger secondary production. This technologJ is
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FIgure 10 - Vertical structure 01 a herbage mass of 2130 kg OM ha" sward prof¡le, in
winter (Adapte<! from Monlossi el al., 1998b). S = stem, includes Ieaf sheath. l = leaf.
fS = lIowering stem. O =dead material. G =green material.

(Adapted lrom Montossi ef al., 2000).

Forage 2916 1.33
Cow die! 1.79
Sheep diel 2.02
Forage 1180 1.60
Cowdiet 1.97
Sheep diet 3.18

Table 1 - Nulriliooal value ofdiet selccled by ovine and bovincon campo, campo + NP and improved campo, with dirferenl
spring herbage mass.

Diet mat is gathered by sheep and callle is ofhigherquality !han !he available
forage itself; t.hcscdifferencesare registered in the three considered plant conununitics
and in me four seasons afilie year. Sheep. in most cases, selecl a higher nutrilional
valuediet than cauJe. mus demonstfaling meir highcrability lO gmher higherqualily
components such as grasses green leaves, legumes and foros. As available forage
amounl is larger, quality values decrease. For a belter animal pcrfornlance!he herbage
mass must be over 1000 kg DM ha· l ; the figures shown in Table I for the three
communities vary abaut 1200 and ISoo kg DM ha· l , corresponding to variable
heights belween approximalely 5 ;lnd 9 cm sward sllrface height. Wilhin these va­
lues animals galher ,1 high quality die!.

In Figure 10 is shown the vertical distribution of a high herbage mass sward
componenls during winter. Most of forage is conccntr:Ucd in the sward base (O - 3
cm), where lie grasses dead leaves and alive and senescent slems. When herooge
mass is high, dead leaves spread along alllhe profile. in superior proportions and

SHEEP AND CATILE D1ET SELECTION
Infonnation generaled about bolanical composilion and nutritional valueofmediel
ofanimals grazingdifferenl vegetal communities has a high impact on animal feeding
strategy designo and on canle syslems foragc managemcnt.

In Table 1 are shown offered foragc and gathercd diet nutrilional values for
animals gmzing different vegcL.11 cornrnunilies during springlime.



Proceedillgs o[ lIJe XIX InteTl/ati01lal Grass1cmd COIIgress 2001

complementary to through leguminousspccies inlroduction and P addition campo
improvement, as well as temporary grass crops and cullivated pastures. Natural
campo fenjlisation allows rising vegetation production and qualityon soils whose

depth is not adcquale formost productive adapted foragespecies derelopment. On
theother hand. we IllUSt considercampo natural production and q~ality long lerm
benefits ofN and P fcnilising, afterthis SIOpS bcing applicd.

The addition of these nutrients. in panicular P. would help to give back to
natural campo sorne of what it has been depleted for centuries of gral.ing. since
cattle inlroc:iuction at the beginnings ofthe XVII cenlUry. besides contributing to
nalural grasslands animal and vegetal biodiversity maintenance. \Ve have to con­
serve ournatural resources, without degradation.thinking in a sustainabledevelop
in economical, ecological and socialterms.

Generated scientific knowledge has conlributed 10 apply beUer paslurc mana­
gement practices, which resulted in long teml biological and economical benefits
forthe fanners community and Ihe wholesociety, wilh special care for animal and
plant communities biodiversity and waterconservation forhuman and animal use.
Bolh animals and plants will be for a long timeourfoOO and fibre main source in the
world, hence conditioning our actions and behaviour in Ihe way that we preserve
our natural reSOllrces for fulure genenuions.
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