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José M; Toledo, Jillian M. Lenn' and Ralner Scbultze-Kraft , 
CUT .·Tropical Pastures Program 

, 

l. lntroduction 

Ru!llinant production in tropical reg10ns of. the world,· especially in 

tro~ical Americe, is based on the' utilization 'o! evailable native 
, 

grasslands wbere extensive Tanching. systems. baya developed. This is tbe 

case of ·the Ce~rados of Brazil, the Llanos of Colombia and Venezuela, 

the Beni savannas of Bolivia as' well as the nomadic herding in the 

sub-humid'belts of Africa. !hese animal product1on systems are generally 

1n balance with the available feed rasources¡ however" tbeir productiv-, ' , 
ity 'is very low due to s011 and climatic const~a1nts, for plant growth. 

The movement of African grasses into tropical Americs has been a major , 
déterm1nant of'cattle expansion in this région in tbe pasto !he grassés 

Hyparrhenia rufa and Panicum max1mum were 1ntroduced 'accidentally 

through slave ~rading in the late 17th and early 18th centuries. S:I:mi­

larly, Melinis minutiflora aud Brachiaria mutica were also accidentally 

introduced in the 18th century. (Parsons. 1972). !hese grasses rapidly .' . 
apread throughout the region becoming naturalized in spec1fic 

environments. fór example B. m1.1t1ca in the more humid flooded areas; ~. 
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minutiflOTa in the humid and ,subhumid Tegion~ with marked temperature 

fluctuations; H. rufa in:sub-humid to semi-arid envíronments with acid, 
. - - , , , 

medíum ferti1ity soils as in some areas ,of the Cerrados and Central 

Ameríca; while P. max!mum beeame naturalized in the lDOre humie!. 

environments with fertile so:l.ls. However, large areas of the tropical 

American savannas as w~ll as degraded lands in the humid' tropies 

remained with native species of low productivity where the aboye 

mentioned Afriean grasses were unable to nature1ize themselves. 

Origi.nally J eattle p1:oducti.on was 'based on prime fertile laud whe1:e 

settlers developed erop and animal produetion systems. As population 

grew, crop produetion expanded increasing the competition fer land with' 

,ca,ttle productien. Teday. tr~pical M,erica has mere than 20(1 million 

,head ef ca.ttle (about 171 ef the total world herd) and development is 

atrongly pushing eattle produetien to the peorer margi~al and frontier 

.lands (Toledo & Nores; 1986). 

The land endowment of tr,opicsl p.!terica is large .:!,n relat:l.on to 

population. However. the predom1.nant, very Beid¡ low fertility Oxisols 

snd. Ultisol$l are a major limíting factor to expandon of forage 

pToduction. Nativa gTBsslands w~ll not.support increased cattle numbers 

-per unit area, due 'to their low qua lit y and produetivity. For the 

effective expansion of eattle production in these marginal and trontier 

lsnds. the need fer the devel.opment of adapted and p1:oductive high 

quality grasses aOO le~umes illtO pasture and forage production systems 

W4S reeognized. 
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To fulfill this need for the beterogeneous comple.x of ecosystems and 

cattle production systems that exist in this region, a broad gene tic 

germplasm base is essential to screen .for the multiple roles vbich 

germplasm, must play. Sucb ,a base is being established tbrough extensive 

collecting of grasses and legumes in tropical Africa, Amerlca and 

Southeast Asia by ClAT' s ,Tropical Pastures 'Program (TPP) as vell as in. 

collaboration with other international (lBPGR, FAO, lLCA, etc.) and 

national (CSlRO, ORSTQ}!" EMBRAPA, ~IARDI, etc.) research organizations 

(Schultze-Kraft, 198~). A conslderable amount of germplasm ls also 

assembled tbrough exchange among lnstitutlons.' 

2. lmportnnt tropical pasture genera'and their origins 

. 
Tbe three major canters of origin and diversity of tropical pasture 

species are Africa, tropical America' and Southeast Asia. Africa is 

rec')gnized as the ma'jor source of valuable pasture grasses such as 

Andropo,gon gayanus!. Brachiaria spp.,.' Hyparrherlia spp., Panicum spp., 

and others. Tropical Amer:\.ca is the center of origin of some grasses 

such as Axonopus spp. and Paspalum spp., bowever, it is known more as 

the major source of tropical pasture legume genera including 

Aeschynomene, Centrosema, Desmodium, Leucaemi, ~lacroptilium, 

Stylosanthes, Zornia, .snd while Southea,st Asia is recognized as tlle 

source Qf legumes such as Pueraria and some important species of 

Desmodium and related genera (IUlliams, 1983; Clayton, 1983). 
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3. 'S1ze of germplasm collectiol;l 

From 1976 to 1985, CIAT's tropical pasture grass and legume. germplasm 

collect1on increased ten-fold from 1600 to 1.6.000 entries (F:lgure 1). 

The growtb in.legume germplasm was more or less'steady over the period 

however, tbe rate of growth of grass ~ermplasm increased during 1983 to 

1985 mostly. due to intensive collection of Brachiaria spp. in East 

Africa and by. the .. introduction of a Panicum maximum collection from 

ORST~l. As of October 1985; this collection included 3100 accessions of 

Stylo'sant,hes spp •• 1900 access:lons of Desmodium spp., 1500 access:lons of 

Centrosema spp.. 900 accessions of Zornia spp., 750 eccesslons of 

AeSdl)'1l0mCll.!. spp. and 120 accessions of Pueraria spp. as well as. 900 

accessions of Brachiaria spp., 720 of !. ~ximum and 100 of Andropogon 

SQ'j!I' .... us ·'(CiAT.' 1985; Schultze-Kraft. 1985). CIAT's tropical pasture 

germplasm collection' has been developed, through spec1f1c collection 

efforts as well as by exchange. Up,till 1983, 36% of the collection had 

been' obtained by exchange with otber inst1tutions. Tbe proportion of Che. . . 
colhction obtained through collaborative expeditions between CIAT ¡¡ni! . ' 

otber institut10ñs was 43%: of the total collection, the rema1~ing 22% 

correspond1ng to core-funded 1ndependent germplasm collections directly 

by ClAT scientists. 

Tbe CIAT collection is an áct1ve. wOl:k1ng collect1on assembled to serve 

as a base for select10n of germplasm for the ac1d poor soila in aub-

bum1d snd humid envir~n~ents. Consequently, its or1gin 1s largely froro 

such environments (Schultze-Kraft and G1acomett1. 1979; Scbultze-Kraft, 

1985). However, for soml! specios, mater1nl coll.ected on contrasting 
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Fin. 1. Increase'of CIAT's Tropical Pasture grass and legume g:i:rmpl¡¡:;m from 1976 
to 1985. ).f 
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medium' to lligh fertility soils with allnost' neutral pH levals, i6 

e::<hibiting outstanding adaptation to very acid, low fertility Oxiaols 

and Ultisols. This ia, for example. 'the case of 'Centrosema macrocarpum 

(Schultze-Kraft !! al., 1985) • 

4. ProportioU of the collection act1vely evaluated 

At the end of 1985, CIAT' s TPP germplasm 'collection numbered 

approximately 16100 entries (Table' l). At, this stage, a11 accessions 

obtained in 1985 are stUl in the process of p'ost quarantine health 

~ontrol aud iuitial seed multiplicstion. Of the total germplasm 

colleetion at 'tlle end 'of 1984, 63:7% were key genera specifical1y 

co11ected for aeid poor soils (Table 1). 

Tila 9020 secessions óf key genera for aeid, low-fer~ility soils,include 

Andropogon ga~llnus,. A::<onopus spp. , Brach1ar1a spp. • Hemarthria. 

Hyparrhcnia spp., Nelinis sPP:. Panicum sPP', and Paspalum spp., among 

¡¡resses (15.7%). es well, as the legumes (84.3%) Aeschynomene spp •• 

'Arachis spp., 'Calopogoniumsp~:, Centrosema spp., Desmodium spp., 

P\leraria spp., Stylosanthes spp., end Zornia spp. 

In the multilocation,evaluation and,selection activities oí CIAT's TPP, 

a large proportion of the collection has been actively a~d selectively 

screcned for its adaptation to major' eeosystems (Tabla 1). From 1916 to 

1985. 41.1% of'tlle acid.soil gcrmplasm was evaluatad and screened st the 

Carimagua Station for the Llanos ecosystem; from 1978 to 1985, 17.7% was 

eVllluated and Bcrcened at CPAC for thc Cerrados eco,system; while the 
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~n~tiai eXpO~UTe of actd soil germplasm te the humid t~opics ecosystem 

at the Pucallpa site began in 1985 with the planting of 8. 9%of tlle 

collection (Table 1) • 

Tabla l . . ' Ut1lization of CIAT Tropica¡ Pastures Germplasm. Collection 

Breakdown of Collection 

Total germplasm collection to 1985 ~ 

Germplasm presently under post quarantine health , , 

control snd !nitial seed multiplication 

Total germplasm eollection to 1984 . 

.Germplasm of key genera for acid poor s011s 

collected up to 1984 

Germplasm of key grass genera 

Germplasm of k8y legu¡:¡e ganera 

Multilocational screening by major ecosystems 

Llanos-Cari~~gua 

Cerrados-Br~s11ia 

1976-1985. 

1978-1985 

Rumid Tropics~Pucallpa 1985-

'" % of total germplasm collected to 1984. 

1110. 

. 16091 

1931 

,14160 

9020 

1418 

7602 

4300 

1600 

. 800 

** % of germplasm of key genera for acid poor soils. 

12.0 

88.0 

63.7* 

15.7** 

84.3** 

47.7** 

17.7** 

8.9** . 
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Tbe mose promising gc~plasm selected tor its adaptation and potential 

as pnsture plants' at major screening sites has passed to the 

International Tropical Pasture Evaluation Network (RIEPT) where 

presently about 400 entries are in the hands of 'scientists from national 

pasture research programs far final selection a~d technology adjustment 

for spec1fic sub-eeosystems nnd farming systems. 

5. Constraints for collecting and moving germplasm 

Basienll)', two kinds of eollccting operations are carricd out by the 

Tr()pieal l'astures Programo Firstly, as lIIuch variation .as poss:i.ble ls 

sO\lght in particular species. to solve well-defined pr·oblems. Por 

. eX4mple: specifie collecting expeditlons vere made in East Africa to 

collect gras!!> germplasm, espe.cially BraeM.aria spp., to obtain as much 

veriability as póssible in. the search for resistance to the major pese 

·spittJ.ebug (Ca.lder6n, 1983). S;l.milarly, both Desmodinm ovalifóliUll! and 

Pueraria phaseoloides vere spccifically collected in SoUtbeast Asia; the 

former because of the need for resistance to two important diseases stem 

gall nemátode and Synchytrium false-rust and the latter becausa of the 

need.for!. phaseoloidcs adapted to.dryer and less fertile environments 

(Pattanavibul snd Schultze-Kraft, 1985). In all cases, a considerable 

rangc of varilltion Vlas cO.llected. Secondly, . in specifie areas rich in 

legumes and grnsses, and of high risk with respect to ¡¡enetic erQ;ion, . . 

as much germplasm as possiblc, especially of key spec1es. is collectcd 

to preserve potentiall~~aluable germplásm. 
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. 
Collecting a\ld processing of tropical pasture germplasm ':f,s a specialized 

and costly oparation that 15 not expacted to be carriad out by many 

pastura researcn programs. In fact. aetive 'forage collection activities 

are only conduete.d by a faw institutions. International collec:ting 

expeditions have been and/or are carried out by CIAT frem Colombia, ILCA 

from: Ethiopia. CSIRO and QDPI fr91l1 Australia, rAO frol!! Kenya. 0li\STOM 

fTOIII Ivory Coast. UniversU:y of Florida. USA,. and IBPGR frOl!! Italy. 

These expeditions are mostly conducted as join~ afforts in collaboration 
. . 

wit.h tha respective national institution. Only in fev cases national 

• reseáreh organizations have earried out majar and systematic collection 

·expeditions. such as EMBRAPA and EPA1UG in Brsl!:il. 

" 

.~e main constraint.s are firstly. the limited numbar of experts :I:á 

fO'.l:age grass and, legume collecting due to the fact that expertisa in 

this field i8 largely developed by experiance and no formal training i5 

.available. Seconiily, the size of the target area to be collected in the 

three continents. especially. considering the . vide range of species 

involved and the wide geo~r~phical distrlbutions of many of these. is a 

major cons~raint. This implies tpat time and financing requirements are 

high. In tarms of eIAT's Tl'P most of the funding has come frolll c:ore 

budget however important IBPGR contr1~utions have enhanced our capacity 

for collecting·in Sout.heast Asia. 

Other constraints enco~ntered in the collection of germplasm are related 

to political matters: Those include the difficulty of obtaining 

pormission to colleet in SOrne countries dUB to non-technical reasons. 

This problem should be recognized by international forullls so that 
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. 
presently unutilized reaourcea could be·. used for the benefit of 1Il8nk.ind 

and preserved fro~ possible genetic aros ion due to population'growth and 

development • 

lnternational aud national regulationa ragarding the movement of 

tropical pasture ga~plasm among countries have tn be complied with. 

Bowevl!r. ve are experiencing a wide, range of intemational country 

control' levala ra:nging froro no regulations whataoever to extremely 

inflexible controle t'hat delay the efficient movement of experimental 

germplasm. Often, those countriea with the 1!lost strict quarantine 

ra,guletions for experi1!lental seeds are relaxed concernin& the 

introduction nf large sbipments'of commereial aeed nf tropical pasture 

cultivara •. TIle importance ofpreventi'llg ehe movement of .pests and 

disesses' between countries' snould ne recognized and specifie p.roeedures 

are being developed foro the speeies for which problema have been 

defined. 'TIlia has been done for several legUllles apeciea (Salas. and 

Lenné. 1985; Torrea snd Lenne, 1985). However. ~ith potentially valuable 

new forage speeies largely unk:nown pathologically. careful quarantine' 

pToc~durea are being followed after eollection either in the cauntry of 

collection or by tlle reéeiving eountry' to reduce to a luinimum the risk 

of introducing·seed-borne pathogens. 

6. Storage snd rejuvenatian 

The ClAT· tropical p~stures germplasm eollection 1s stored under 

medium-term conditions in CLAT's Genetie Resources Unit (5-8°C and 60% 

relative humidity). Two years. ago, a syate."at1.c aeed rejuvenation 
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progra,,;;: mtb the objective of obtaining aufficient aeed for long term 

storage '\fas initiated. As a first result, rccently approximately 11100 

accessions repreaenting 8 majar legume genera have been placed into long 

term atorage in laminated" foU baga at ':'lS·C to -20·C (Table 2). 

Improvement of the medium-" and long~term storage facilities of ClAT's 

Genetic Reaouicea Unit is in progresa, financed by the Italian 

government:. When completed, debumidified cond1tions mIl be available 

for aedium-term ~torage whi1e the increased capacity for long-term 

storage to 110,000 sam~es wi11 compIeteIy satisfy present and 

near-future needs. 

Xt 16 expected that movement o~ the wbole of the collection from medium­

to long-term atorage mll be completed within tbe next S-lO yeara. Tbis 

however viII take considerable resources on rejuvenating"and multiplying 

of &ccessiona. Additiónal funds are ne~ded to accelerate tbe movement of 

tbe collection to long-term storage. Empoosis is being give.n _ to key 

&pe~es"of such legumes as Stylosanthes, Centrosema, Desmodium. Zomia. 

Pueraria. "Aeschynomene and to grasses such aa Andropogon gayanus. 

~ra~iaria spp. ~nd Pan1cum spp. However, the oldest accessions of other 

spec:tes are also "rece1ving particular attention. 

'Witi't re1ation" to germpla:sm conservation, considerable research needs 

sUll to be done to determine optimum storage conditions in relation to 

seed longevity,particularly for grass germplasm. 

Tbe CIAT collect10n is as yet not duplicated and stored elaewhere. Tbis 

1s a risk due"to the pOSGibility pf natural disasters. Negotiations are 
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Table 2. Pasture germplasm in,long-terro storage (October, 1985) 

Genera 

Stylosanthes guianensis 
Stylosanthes hamata 
~mcroptilium spp. 
Vigna spp. 
Aeschynomene spp. 
Leucaena spp. 
Crotalaria spp. 
Puernria spp. 
'Desmodium ovalifolium 

Storage conditions: 
Température: 
Packed: ' 

3 13.9,m 
_15° to -20°C 
In laminated foil bags 

No. of 
Accessions 

540 
, 60 
141 

81 
243 
75 

134 
41 
81 

-1,396 

in progress in the sear~h for a duplicate site for long-term storage and 

tlle possibilities include CATIE in Costa Rica, EMBRAPA-CENARGEN in 

Brazil and CSIRO in Australia. However, a significant proportion of the 

promising key species ,of the colle'ction is already duplicated under 

medium-term, storagc. in CEN}~GEN, Brazil. In addition, the most,~romising 

accessions of ,several key grasses and legumes are in the hands of 

national, pasture ,research programs throughout Latin America as living 

collections within the scheme of the International Tropical Pasture 

Evaluation Network, RIEPT. 

7. Isailability of Tropical, Pasture Gertnplasm to Publicly Funded 

Resecrch and Development Agencies 

Accessions with promise as pasture plantE are available for distribution 

to publicly funded organizations. About 30 aeeds per accession are 
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provided free of charge. CIAT reserves the right to decide on the 

s·uitabil·ity of the materials requested in relation to the environmental . . 
conilitions in the region for which the material is intencl.ed. This 

reservation is not placed in order to restrict the free movement of 

germplasm but is necessary in order to conserve 'precious seed supplies 

of .pa-rticular materials. 

In cases where requests for large numbers of accessions are received it 

may be necessary to cha~ge a service fee. This is decided on a. 

case-by-case bllsis taking account of the species in question and the 

p::o!>lems associated with seed production • 
. ' 

Highl.y promising materialsin' larger qtiantlties for the establishment af 

agronomic trials are al so being made available to collaborating 

institutions throughout tropical A:nerica within the RIEPT. This is a 

coope·ratipg mechanism to evaluate new germplasm multil~catiom!lly that 

will be 'further discussed latero 

8. Relationship between the Tropical Pastures Program (TPP). and the 

Cenetic Resources Unit (GRU) at CIAT in the movement of 'germplasm 

Pasture germplasm enters the TPP through direct collection or exchange. 

as mentioned previously (figure 2). After passing through Colombian 

phytosanitary regulations. all germplasm entering as seed passes,through 

postquarllntine health control (inspection by plant pllthologists and 

entomologists) in the glasshouse. Germplasm then goes to initial 

multipliclltion at the field station at Quilichao. This has the advantage 
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of a~so allov1ng some initial characterization especially .of 

~orphological end forage charecters end seed production potential. ~st 

~portant for new unknown germplasm. Tbis is the responsihility of the 

. TP"P. In. some cases. meristem cuiture techniques have been used to 

intro~uce germplasm frem otber eountries. for example. in the case of a 

large collect1on of Braehiaria spp. from Kenya, Zimbabwe. Ethiopia, 

Bui~i. Rwanda and Tanzania. Tbis was done firstly because of some . . 

problems of obtaining seed from these plsnts.snd to reduce to á ~~um 

introduction of pests and diseases .frem Bast Africa. Meristem cultures 

were ,~hen grown into mature plants fram. which seed vas collected far 

in.irial germplasm evaluat10n snd seed.1m!ltiplicstion after phytosanitary . .' 

inspection. Tbis vas achieved by TPP ·in collaboration witb the GRU aud 
... 

CUT'" Biotecllnolosr Unit. 

Part of the seed resulting frem initial multiplication, goes to the GRU 

for conservatioll, maintenance and distributioll as vas described 

previously, the rest goes to TPP snd to RIEPT for agronomic 

. eharacterizátion. evaluation of adaptation' to cl1matic and. edaphic 

cond1t1ons and ~f resistsnce' to pests and disesses. 

Tbe respons1bil~ty for seed health testing 15 al so shared by the Plant 
. . 

Patbology Section af TPP and the Seed Health Testi~g Laboratory af the 

·GRU. Prior to the 1970' s, almost no \/'ork had been done on seed-borne 

pathogens of tropical pasture germplasm world-wide. Beéause of this. the 

Plant Patbology Section of TPP has taken this important research 

responsibility. Once seed-borne pathogens of tropical pastura germplasm 
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have ,been iclentified ' end charecterized and the appropf'iate seed 

detection methods developed, the Seed Health Testing Laboratory of che 

GRU assuules the respol1sibiIity for testing suspect seed. Accord1ng co 

che results, recommendations for"seed creatment based on che origin and 

descination of the macerial are then made by TPP. 

. ' 
Further research 16 needed on seed-borne pacbogens 'of these largely 

unknown plants. Financial ass1stance and expertise from specia1ized seed 

pathology institut1~lS such as the Dan1sh Seed Pathology Institute would 

be of'value to che effieient movement of some g~rmplasm~ 

As previously mentioned, ,the GRU has the importanc responsibility of ... 
maintaining tbe collection ineluding rejuvenation, storage, distribution 

and part of tl\e documentation proeess. 

9. The role ,o! breeding 

Un1ike crops, tropical pastures and forages ara not confined to ona, 

spacias, eme genus 01.' aven ona famil}'. Also un11ke crops. pe10ennial 

pastures are generally not managed ta maximize che genetic potential of 

t}le plant but rather to utilize' the naturally avaUable diversity of 

resources such as soil, and climatic conditions"'in atable long-term 

production systems. Especially in the low-input aystellls predominant in 

the marginal snd frontier lands, clase adaptation of species as well as 

ecotypes ~lithin species to the diversity of environmcnts i9' needed. 

There exists s trcmendous amount of nátural variability in chese legumes 

snd grasscs tne.t is just beginníng to be collected. evaluated and 
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recogn:i.zed. In th:!.s situat1an, it is 'obvious that the fírst step in 

searching for superior germplasm is the intensive evaluatíon af natural 

variabílity under different environments. Once the promislng species are 

identified and characterized ior speciiic environments, breeding may be 

considered as a strategy '01hen a sufficiently large a1llOunt' oi natural 
'. 

variability has 'bean explorad; when apacific problems have been 

'01ell-identified and parental ~terial selectad. 
. 

The CIAT Tropical Pastures' P,rogram garmplasm evaluation methodolagy 1a 

basad' on the multilocatianal ev~luation af n~turally· accu=ing 

va.ria'bil1ty of _terials collected in the ","!ld. l~, the spec1f1c case af, 

Stylosantñes ~ianensis, over l~OO access~ons vere intensivaly evaluatad 

in tbe savanna ecosystema oi tropical America from 1974 to 1980' (Lenné~ 

l!l'BS). l~ot nne accession was' found with the combination oi traits 

desi~ed. Some promising accessions w~th high forage production and 

quality as '01e11 as high seed produ~tion were susceptible to anthracnose. 

the 1IIOst eerious disease of this senus. At the same tiae, highly 

res$stant accessions with low seed production and lower forage quality 

and ljIroduction were ident1fied. A l!Iulti-iáceted breeding progralll was 

ther~fore initiated te combine the desired traits using pedigree 

, advar.:ce, bulk selection and natural selection under grazing (eameren !! 

al.. 1984; J.W. Miles,. personal communication). Selected' promising 

hybrids are now being screened in several savanna sites. 
" 
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10. Strategies of the Tropical Pastures Program in relation to 

efflcient evaluation and utillzation of ,germplasm 

The main strategy of the TPP ls to develop a broad geTmplasm base ~nd to 

systematically screen it to seleet material s adapted to the diverslty of 

ecosystema of tropical America (Toledo, 1985). The program has 'already 

estáblished three major screening sites and will establish a fourth in 

1987 in cooperation with National Research Programs. These are the 

Carimagua Research Station' in cooperation with lCA in Colombia. 

reprc'senting the Llanos or isohyperthermic savanna ecosystem (Cocbrane 

!l. al., 1985); the Centro de Pesquisa Agropecuaria dos Cerrados (CPAC) 

noar Brasilia in cooperation with ErreRAPA, representing the Cerrados or 

isothErmlc savanna ecosystem; and the humld tropics site in cooperation 

I'ltb, INIPA and' IVITA at' Puca11pa. Pem. In 1987, a fourth major 

scieeuing site will be established in Costa Rica, in Central Ameriea and 

• tl1e Caribbean. representlng the moderately aeld soils in eooperatlon 

with CATIE and IICA. These mejor screening sites constltute the base of 

&erlli~lasm. development. Here, geTmplssm experts, agronomists, pla~t 

pathologists, e~tOll1Ologists snd breeders york eollnborat1vely in 

efficient agronomic charaeterization, evaluation and selection oi 

germplasm (natural sud br~d) for adaptation to 5011 ~nd climat1c factors 

and reslstance/tolerance to prevailing pests and diseases (Figure 2) • 

,Seleeted germplasm passes into the pasture deve'lopment phase where n' 

lmi'-input philosophy i"s. empbasized in the development of technolog1es 

based on adapted geTmplasm that v111 make effic1ent use of nsturally 

available resources snd limitecj purchased inputs (Toledo, 1985). In this 
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phase, grasses and 1egumes are evaluated in associations witb the 

deve10pment of low-cost pasture establbhment methods; pastures. 

associsting grasses with N-fixing lagumas and optimbation of nutrient 

cycling tbrougb appropriate fertilizer use and grszing management 

(Figure' 2). !be plant nutritionist, soi1 microb10logists. animal 

production scientist, ecopbysiolog1st and pasture establbhment 

special1st col1aborate directly with each oeher and other program 
. 

scientists to develop promising adapted. germplasm into adapted 

productive pastures as efficiently as possible. 

.. 
. , 
On-farm research snd economic evaluation of pastures in pro4uct1on 

s)'stems g1ve .the opportun1ty for feed back' from .farmers includ1ng the.:ir 

• 'manllgement and utilization preference.s wh1ch 1s most 'important to the 

,rec..-ognition of their needs and to understanding problems which might 

hinder adoption (~oledo. 1985). !be economist aud farming s)'stems 

apecialist 1nteract 'closely to ensure the efficient movement of 

productive pasture germplasm :lnto farming systems. !bis' farming systems 

perspectiva is sn essential approach aud strátegy for:the program in 

ordet: to reliably' snd effectively deal with the complexities of 

ecosystemífarming system conditions where the adaptation ar.d different 

role of pastures will require different sets oi germplasm sud 

managemcnt. Although'the man-po~er resources in this group are limited •. 

close collaboration with .ational Research Programs not only in on-farro 

. trials and adoption surveys but alBo in methodological research b 

collaboratively developtng simple ,rel1able techniques for assessment of 

the potential role alld evaluation of new past:ure technology at farm 

lav,el. 
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Á majór constraint to the efficie~t,_ flow of germplasm thraugh a 

perennial pasture 'evaluation process can be inadequate seed production 

ta service the scientists working st variaus levels in the' programa 

i.e.~ on-farm research. anO., especially in the case of CIAT's Tropical 

Pasture Program, collaborative work with National Researeh Programa 

through the lUEPT. This is lIIagn1fied by the fact that' lIIan)' tropical, 

pe.ennial ,pasture species p.o'duce onl)' one crop ayear and. in lIIany 

cases, the seed pr~duction potential and appropriate conditiona required 

of new experimental germplasm are unknown. Át the aame time,. the range 

of ecosystem/farming systero complexes means that at any one time awide 

.ange of leg'umes anO. grasses often with quite o.ifferent seed production 

requirements are under product~on. This implie~ working st a number of' 

diffe-rent sites to satisfy thése requirements. The seed produetion 

specialist who collaboTates, closel)' with the economist and production 

systeros specialist in the Pastures in Production Systems phase to 

fulflll both the research role as vell as the basic seed production role 

to move germplasm efficiently. 

Á mtdtilocationai and dec.entralized approach is essential to moving 

germplasm as efficiently as possible fTom the major screening sites in 

each ecosystem,into the vide variety of environmental and farming system 

conditions in ,the marginal and frontier lands of tropical America 

(Toledo, 1985). 

RIEPT. the lnternational Tropical Pasture Program Evaluation Nel:.,ork. 

vas created by National Research Programs and CIAT's Tropical Pastures 

Program after recognition of the need for in situ pasture development 
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. (Toledo, 1982). National pasture research programs. large and small. 

are joined together and geared towards effieteut gennplasm evaluation 

and flow and development af new pasture teehnology based on adapted 

germplasm. 

RIEPT efficiently screens large numbers of experimental germplasm 

through a sequenee of regional trials (RT) A. B. C and D at over 170 

sites covering the aeid low-fertility lowland region of tropical Ameries. 

(Figure 3). As only those materials whieh ~ve passed through initial 

sereening at CIAT' s major sereening sites in the specifie ecosystems 

pass' to the RIEPT, germplasm with little value as pasture plants is 

elim1nated from wide-seale evaluatian. Tbis impraves the effieiency of 

.the proeess. Selections from RIEPT RT-A (evaluation of adaptation and 

survival af 80-150 entries) and RT-B (seasonal assessmen.t of produe-

tivity of 20-30 entries) are ~assed by National Researeh Programa into 

small plot pasture management trials under grazing (RT-C) and final1y to 

large plot pasture produetivity and persistence trials under grazing 

(RT-D) prior to release by the national program. to on-farm and seed 

industryexposure (Figure 2). 

Seed production technology and pastura technology adju6tment researeh 16 

earried out eollaboratively between National Researeh Programs and 

CIAT's Tropical Pasture Program during the advancement. of in situ 

selected germplasm through the dlfferent stages of evaluation 

(FigurFigure 2). Ibis ensures that released germplasm has the back-up 

of solid. pasture technology for its use by farmers and hélps in the 

efficient movement of germplasm. Ih1s 1s particularly ~port~nt in the 

case of seed production. W1th the grewth ef .RlEPT arid the advancement 
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mater1als to grazing trials and eventual releases, there ls. lncreasin¡ 

pressure to develop pasture seed production projects to produce 

promising experimental and basie seed to prevent bottleneeks to che 

efficienc germplasm flow to release and farmer. adoption. 

Througb 'this necworlt,' important economias of scale are being 'acbieved 

and National Researeh Programs are not only rapidly advancing promisirig 

germplasm into pastures. but are also exchang~ng methodologies for local 

adjustment of technology especially with respeet to management to better' 

suit ,the environmental and farEli.ng systems conditions encountered in 

areas of irnmediate 'lnfluanee. 

The organization oi workshops. training courses and the opportunlty to 

exchange experiences through the. CIAT bulletin ~'Pasturas Tropicales". an 

excellent communlcation 'mechanism ensures continuous interaction aeong 

members of this network and fosters more efficient germplasm 

utilization. 

Information flóws freely, in both directions from. both parta of' the 

evaluation process (TPP and RIEPT). In additlon, a11 data, cOll\:l.ng frolD 

evaluations made directly by RIEPT and CIAT's TPP are linked in a common 

data base. The.data base ls important to TPP·ln atoring all information 

from gerlnp'lasm evaluation and' development trials st major sereening 

aitea in each ecoayatem. that 18, detailed characterizstion of germplasm 

from collection site data, adaptation to specifie soil and climatic' 

conditions, agronomic charaeters, reaction to pests and diseases. aoil-

assoc1ated plant - animal interactions, sced production potential, etc. 

.' 
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At the same time, the development of,' the lUEPT 'data base and tlle 

metbodologies for statistieal processing of large numbers of data and 

lnformation coming from national programs in close collaboration wlth 

the ClAT Data Service Unit has be en instrumental and essential to the 

c::ross-lo¿ational analysis and documen'tation of the performance and thus 

Becure advance of germplasm tbroughout the network. 

,As a reBult oftbis collaborative continental effort on multilocational 

evaluation, screening. selection, technology development and transfer., 
. 

new cultivars of grasses and' legumes bave been released by national 
, , 

researcl1 programs in tropical America. In 1980. Andropogon gaysnus CIAT 

621 was released by ICA in 'Colombia snd E.."!:BRAPA in Bradl; and also 

released in 1982 and 1983 in Venezuela. Panama and Peru. 11; i6 

estima~ed that at present more th~n 200,000 ha llave been planted to tllis 

grass in tropical Amedea (Ferguson !! al., 1985), especially for its' 

toleranc::e to poor acid soils. drought and ~he major pest spittlebug • 

. 
In 1983, the flrst-,legume Stylosanthes c::apitata was released by lCA in 

Colombia snd' named Capiea (CIAT 10280). Thls ls a bIend of Uve 

aeeessions selected for its resistanee to anthracnose, the major problem 

for.Stylosantbes spp. in tropical America and its exeellent performance 

under grs.zing increasing animal productivity in association with ~ .. 

gayanus ,in the isohyperthermic ss.vs.nnas. 

Similarly in 1985, IVITA, Pueallpa, Peru reIeased Stylosanthes 
, . -

guianensis CIA! 184 as ev. Pucallpa for its resistanee to anthraenose in 

the hUlllid tropics ecosystem and its gocd performance under grazing in 
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association with Hyparrhenia rufa, A. gayanus and native grasses. 

Several promising grasses and leg~es are presently at the pre-release 

stage and .being exposed to farmers • ÁIDong these are eentrosema 

brasilian~ elAX 5234, ~. sp. nov. elAT 5277, Arachis pintoi elAT 17434 

and the grass Brachisris dictyoneura CIAT 6133. 

11. Cost of malntenance, processing aud utllization 

The collection aud ·exchange activities of germplasm in the Tropical 

Pastures Program constitute a .skillful and expensive operatian which has 

an e~timated 'cost ranging from $60-100 per gram of seed. This is due to 

the large expenditure on international trave1 and the need to caver 

three continents as well as the post collection handling (post 

quarantine health control). Aftar initial sead multiplication, the cost 

per gram of seed is reduced to about $6-8. 

Xhe process of storage, maintenance .and diatr1bution adds further to the 

cost of germplasm seed. Through a rough approximation lt la eatimated 

that five yeara of storage including one cycle of rejuvenation may cose 

blltween S5 and $15/gram. Consequently, the total cost of one gram of. 

seed fa: distrlbutlon to other inst·itutions ls estimated at $10-'25/gram· 

(for example approximately 500 seeds/gram f·or amall seeded lagumes such 

as Stylosauthes and approximataly 20 seeds/gram lor largar aeeded 

. legumes such as eentrosema macroca!p~). 

Once the first selectiona are mede, the subsequeut evaluation procedures 

'. .are handling lar,er· seed vol~es of fewer materisls. Cousequently • 

·although the investment in screening and, technology development ls 1arg~ 
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(Figure 2), .the cost of seed of seleeted mate.rials to be distributed to 

:¡lational research programs is reduced ~y large plot experimental lIeed 

lIlultip1ication. lt is estimated that one gram of seed distributed ta 

naUonal programs costs betveen $10 ta 12 for agronomic eva1uation 

trials in sma1l plots. If this selected distributed material has 

und!'lrgone manipulation in a breeding programo the' estimated cost' per 
" 

gram 1a 1ncreased to $15' te> 18. TItese f1gures'refleet tbetota.1 costs 

inc1uding 60% of the total annual budget of ClAT's TPF and'about 20% of 

. the Cenetie Resources Unit budget. TItis germplasm in different stages 

of ev~luation 1e freely distributedas experimental material to Bationa1 

'Research'Prcgrams especia1ly within the RIEPT • 

• ~& to lack of adequate $ermplaslll documentation (passport data) duri~g 

e~~ange activities bet~een institutions. colleetions consisting of 

'I!.~original lIII).terial very often iuclude' a considerable quantity of 

$emetic dupl::lcates. . TItis problem ::ls we1l-recognized' as a factor 

1ttaessing t:be cost of atorage sud handling oi: germplasm as wel1 as .' . 
affect::lng tbe eff1ciency of .evaluat1on. Attention ia ealled to the need 

. , 

te> solve this prablem (l) tbrough appropriate passport data recording . , 

and: ;trarismitting. ano (2) through the development of biochemica1 "finger 

point" techniques such· as ele~tropho.retic analysisof proteins and 

iS,ozymes • 

,12. Future collecting strategies 

Plans for future germp1asm collections are characterized by two· 

strategies: l. To continue broadening the genetic base af those species 
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whien 'on tne basis of ~ltiloeational evalustion are r~eognized ss key 

speeies for a given ecosystem, w::lth the aim to eventually select 

superior ecotypes for direct use or plant breed::lng. 2. To continue 

condueting exploratory collecting miss::lons by s&mpling in as yet 

overlooked or neglected regions, with the a1m to <a) preservegermplasm 

from. genetie eros ion , and (b) to extend the ava11able species end 

eeotype range in the éollect::lon for future' ::ldent::lfieation of ke,. 

speeies. 

Roth "types of colleeting missions are expected to be condueted in 

tropical America as .. ell as iu Africa aud Soutneast Asia. lt should be 

pointed out that Bueh expeditions~ are planned and carried Qut in 

efficlent. response to researeh develOpments. 'Iherefore, rather 'than 

eomplying wlth'a rigid time snd geographic frame work, they represent a 
. . 

flexible dynamic approach to salve problema and to overcome limitations 

encountered in germplasm evaluation. lt also should'be pointed out that 

the ident:!.fication of problema and limitations .;in germplaSlll evaluaticnÍ· 

i5 a very dynamic, . contintious process due to the natur~ of the plant 

material involved: e.ontrary to .. traditional crops, tropical pasture 

plants are exclusively wild, undomesticated species which are alcost Dot 

researched at all. 

The diversity of environments and farming systems in the tropical 

.. American lowlands has :-equired the development of a broad. ge1:1llplasm 

base. CIAT's TPP has npw accumulated a wealth of variability of grasses 

and mostly herbaceous legumes adapted to acia (pH 3.5-5.0), lo .. 

fertility soils which constitute El salid base for pasture techno-Iogy 
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development .for extensive and semi-extensive farming .systems in the 

~rontier, lands of tropical America. Altbough this germplasm base vill 

provide valuable pasture materíals for the more-intensive farming 

systems 01'1 1IIOderately acid solls tbat oceur in marginal lands in more 

populated arcas as in Central Ameriea, it i8 recognized that new 

'germplasm options, sueh as fodder speeies far cut and carry systems 

including legumioouB shrobs and trees, will be needed. Tbe expansion of 

the RIEPT and CIAT' s TPP research activities' into tbese marginal lIlnds 
, . 

1s demanding a widening of the genctie base to include more germplasm of 

grasses such as PennisetUM aud Tripsacum for cut ,and carry aud 

H¡paTrbenia spp. far the dryer sub-bumid conditiona in Central America; 

snd of legumes ineluding Acacia. Calliandra. Dendrolobium. Evthrina. 

Fle&Iingia. Gl.tricidia spp •• In order to facil:l,tate continue'd 

, coo~ration witb otber institutions aod to avoid duplication of efforts. 

the planned collection trips will be coordinated tbrougb IEPGR. 

furthermore. it 1s intended to continue efficient use of already 

existing co;lectioDs. by se1ective germplasm irttroductiona . from other 

institutions by exchange. 

... 
13. Con'cludins remarks 

During tbe last ten· yeara, considerable efforts have resulted in tbe 

development ef a bread valuable germplasm base for' tropical, pasture 

development with empha¡;¡is on acid. low-fertility so11s. le should be 

recognized. however. that there still exists a .. ea1th of untapped 

variability to be expiored and co1lected. In view of this., breeding, 

should on1y be considered after a sufficiently '"ide range of natural 
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variab:{.11ty has heen evaluated fer the desired characters.· 

• 

Tropical pasture ger~pla$m collection. maintenance aud conservation. 18 

a specialized expensive activity not expected to be carried out by many 

pasture research programs. To maxil:.dze. the effective utilization of 

cellected germplasm and :inforinatic:!n. it should he made fre.ely availabie 

to' national researcb' institutions. National pasture research 

institutions and ClAT's TPP have developed a well-structured evaluation 

scheme that eHiciently makes use of available germplasm providing a, 

mechaniSm for rapid flaw'frem introduction gardens to pasture evaluation 

und~r grazing and.on farro éxposure of the promising selected germplasm 

and pastúre tec:.hnology. 'rhl.S multi-institutional co-operative effore 

(RIEPT) ia already yielding new pasture cultivars of grasses and 

legumes . 
• 

Severalconstraints to the effective assembling of tropical pastura 

gerinplasm have been recognized. ''rhese :include: {l)limitations to 

c:.ollecting in SÓllle- countries ando regians due to non-technical reasons; 

(2) germplasm duplicaríon Que to inadequate passport data; (3) lack of 

info~t~on on seed-borne pathogens of little known genera; (4) Iack of 

information on optimum storage conditions especially for tropical 

grasses. International collaborative efforts are -requi-red to solve 

tnese problema • 

With respect to the efficient utilization of tropical pasture germplasm. 

tne _jor const-caintll" are tlle lack. of financial c:.ontinuity at the 

national program. level to maintain a rapid flow of germplasm throu¡;h the 

.'< 

• 
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evaluarion process as well as the problem of multiplying large enougñ 

quantities af seed af selected experimental materinl for advanced 

pasture evaluation and'transfer ta farmers. 
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