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1.0 S urnmary 

TitIe: 

Genotype x environment interaction in a eore eolleetion of the 
tropical eover erop and forage legume Desmodillm ovalifolillm 

Short Title: 

GenOÍ)'pe x environment interaction in J)esmodium Ol'nli(olium 

Objeetive of Researeh: 

To determine the effect of contras\lng edaphic and c limatic environments on 
producti vi ty, litter and for~ge quality- ,ncluding pal atability, of genotypes in a 
core collection of the tropical cover crop and forage legume f)pslI/ odium 
nva /¡fnlillm. Results of Ihls research wil1 contribute 10 identify: 

(/) gemlplasm with a potential for paswre improvemenl and soil consen'atloll in the 
humid and subhumid lropics. 

(c.! edapluc and climatic pattems of IlIches wilh high potential for the utilizarion of 
[)esmodium ova/ifolium. In aciditioo, information generated ",il! assist in the des ign 
of efficient nlture researeh strategies in Ihc genetic resources area su eh as n,rthcr 
coUection "f J)esmoc!illn1 ova/i(ol/Um gemlplasm in its center of diversity 

Abstraet: 

The Tropical Forages Program at CIAT aims 10 identify and develop legume 
and grass germplasm aclapted to acid, low-fe rtility soils in the humid and 
subhumid tropies, and thus to contribute to increased hvestock production and 
soil enhancement on marginal lands . 

Because of a se rie s of agronomic traits, D. ova/ifolillm has a particularly 
high potential to contribute not only to recla mation of deg raded tropical soils and 
to so il conservation, but also to persist under heavy grazing . Based on the 
experien ce with a commercial D. ova/ifvli/ltll variety which IS used as a cover 
legume in Southeast Asian plantation agriculture, however , livestock 
performance is frequ ently poor, mainly because of low acceptability and 
diges tibility of lhe legume. In D. ovalifoli/ll/l , thi s low forage quality is 
associated with high tannin conrent s which , however , seem lO be influenced by 

D 



edaphic and elimatie faetors . Preliminary studies with a Iimited set of genotypes 
suggest tha! the germplasm colJeetion of D. ollalifohllm is variable in this respeet 
as well as in dry-matter produetivity and other agronomie charaeteristics . 

During the past 15 years, CIAT has assembled, through plan! exploration 
in the wild, a significant germplasm coUeetion of about 160 accessions , out 
of which a core collection of 3 5 has been selected. In the present projeet, 
the eharaeterization and evaluation ofthis core collection is proposed for 
four eontrasting environments in Colombia, with the aim to clarify and 
quantify the effeet of soil and climate on agronomic attributes,and litter and 
forage quality faetors of the 35 genotypes, and to determine genotype x 
environment interaetions . 

Cooperating Partners 

(1) Tropical Forages Program, Centro Internacional de Agricultura Tropical (ClA T), Cali, 
Colombia 

(2) Department of Tropical Pastures and Forages, Institute of Plan! Production in the 
Tropies and Subtropícs, Uníversity of Hohenheírn. Stuttgart. Germany 

(3) Estación Experimental Macagual , Corporación de Investigación Agropecuaria de 
Colombia (CORPOICA), Florencia, Caquetá, Colombia 

(4) Centro Nacional de Investigaciones de Café (CENICAFE), Ch.inchina, Caldas, 
Colombia 

Names of Principal Scientists: 

CIAT 

• Dr. P. c. Kerridge, Project Leader 
• Dr. B.L. Maass 
• Dr. C.E. Lascano 
• Dr. M.e. Amézquita 

Staff to be Financed 

University of Hobenheírn 
• 1 doctoral student (3 personJyears) 

PARTNERS 

• CORPOICA: Dr. J. Velásquez 
• CENICAFE: Dr. S Suárez 
• Univ. of Hohenheim: Prof R. Schultze-Kraft, 

Project Co-Ieader 

• 2 diploma (M Se.) studen!s (1 personJyear) 

CIAT (and national partners): 
• 4 field laborers (8 personJ)'ears) 
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Budget Total and Breakdown by Activities and Year (Current US$): 

The total blldget is US$230, 400, broken down as follows: 

Item Year 1 Total Year 2 I YearJ l. 
.--................ -.... ····························l -·············--········· ........... , ---=. - -==--

ClA T and National Partners 

Personnel 

Research & Operatíons 

Materials & operational 
expenses 

Training & lnter-lnstitutíonal 
Cooperations 

Vehicle 

Indirect Costs 

TOTAL CIAT 

University of Hohenheim 

Personnel 

Materials & operational 
expenses 

Travel 

26,000 

4,000 

5,500 

4,500 

7,100 

47,500 

33000 

6,000 

9,000 

26,000 

6,000 

5,500 

5,500 

7,500 

50,500 

33 ,000 

2,000 

7,000 

2,000 

2,000 

1,000 

800 

5,800 

30,000 

3,000 

4,000 

52,000 

12,000 

13,000 

11,000 

. 15,400 

] IJ3, 400 

96,000 . 

11,000 

20,000 

lnctirect Costs I 
TOTAL CIAT ' . 48,000 42,000 37,000 I 127,000 

-... -.. =----,::-=:::::::::=-==-~:--.-:::::::::::L:::::::::::::::::::::::::=.::::::::::::::::::::::::::::::::::!::::::=::'::::::::::::: 
Grand Total . . .. '1' I 

. All P,!rtitds ' . 95,100 . 92,500 , 42,800 '1 23Ó,400 
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2.0 Background and Justification 

Fomge plllnfs iJl 'he tropics 
.viII COllc(,l1trafe 011 marginal 
ltll1ds ami in llgropasfortllor 
siTl'opa.5(oral ~ysfem.~. 

Leg/lmes playa sigll!ficaJlt 
/'Ole bOlltfor lil'esfock 
prod/lClioll ami .mil 
enlulIlcemenl. 

2. L Introduction 

In the future , the use of forage plants in the tropics 
will increasingly concentrale in two main areas (1) 
marginallands that, due lO c1imatic, edaphic , and/or 
lopographic constraints, do not allow crop produclion and 
where extensive, low-input paslure production is Ihe only 
viable option of land use; and (2) production systems with 
an integralion of livestock into cropping or tree plantations 
(agropastoral or silvopastoral systems). 

Low input requirements, tolerance of excessive 
grazing, and the ability lo contribute to soil conser\'ation 
and soil improvement, are considered to be key features in 
the development process of a forage cultivar for these main 
areas. Becallse of their ability lo fix atmospheric nitrogen , 
their deep rooting, and their high nlltritive value, legumes 
playa significant role both for livestock production and 
soil enhancement (Schultze-Kraft et al, 1993). 

2.2 The ta rget species 

Des/IIodillm ovafifoliul/I Wall-a species which 
taxonomically has recently been accepted as D. 
helerOClltpo n De. subsp . ovalifolium Ohashi (Ohashi, 
1991 )-is a legume nati ve to the subhumid and humid 
tropics of Southeast Asia. It combines a series of 
agronomic characteristics that are important in either of the 
aforementioned areas: It is one of the very few tropical 
legumes that has a slrong stoloniferous, creeping growth 
habit. Thus, it provides not only a very effective, erosiono 
preventing soil cover, which is tolerant to excessive 
grazing. but also forms persistent mixtures with aggressive 
grasses ofsimilarly stoloniferous growth habits , e.g ., 
Brachiaria species. 
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D. ovalifolium is lI'ell (Id(lflted 
to aeid. ill{ertile ~·(1ils. 

D. ovalifolium Izas I/ot beel/ 
H'ide(r l/sedlor pastllre 
illlprOl'ellletlf becallse Iziglt 
tlll/I/i/l contetlfo\" Icad to lo", 
palatllbilirylor cattle. 

BACKGROUNDANDJUSTlflCATION 

Desmodium ovalifolillm shows [lO specificity for 
Bradyrhlzobium strains In exploratory Iria ls it fixed the 
equivalenl of almost 90 kg atmospheric Nlha (CIAT, 
J <)81) In addition, it is one of the fe"" legumes available, 
that are shade toleran!. Aclaptalioll to acid , illferti le soils 
and low nutrient requi re ments a re particularly important 
features ofthis species (Grof, 1982). Because of these 
traits, D. ovalijrJli1lm is considered lO be a legumó with a 
particll1arly high poten ti al to recla im degraded lands in the 
tropies . 

Mainly beca use of its shade toleranee (Wong, 1991) 
alld oon-c limbi llg g ro""th habit, D . o.'alijoli"'l/ has , since 
many years, heen successfu lly used as a eover-erop legu me 
in Southeast Asian plantation agri cuhu re , e.g ., rubher, 
oi lpalm. Within lh e RI EPT netwo rk (R ed Internacional de 
Eva luación de Pastos Tropi cales ), the o nl y commercial , yel 
unnamed, co ver crop va ri ety has b.:en tes ted agronomically 
over a wide range o f s ites in tropical Amerie a. There, it 
has also s hown considerable p romise as a pas!ure legume, 
and was released for pas ture improvement in the humid 
tropies of Bahia , Brazil , as ev. ltabela (CEPLAC -CEPEC, 
1990). 

2.3 The problem 

This commerclal cover-c rop cultivor , however, has no! 
heen widely lItilized as apasture legume, because und er 
grazing it pro ved to be of lo"," palatability to cattle 
(S chultz~Kraft et al. . 1989); ~o did a few other 
expórimental lin~s. As a result, paslures tend to bec0me 
legume-dominant with time (~ g., CTAT. ¡ 990), alld 
Iives tock performance is subsequent ly ponr. Condensed 
lannins llave been associated with th[~ 10\V acceptabllity. 
al1d with low protelJl and cel1 wall dige~ tibilities (Carulla, 
1994; Lascano el al., 1994a) . 

Th e correspondingly slow late of litter dec()rnpo~ition, 
however,however. may "'ell be an advan tage for more 
effeetive 50il eover as demonstrated bv Budelman (1988) 
for Flelllingia mocrophy/la, whi ch has very high tanrlin 
content,. Nevutheless, for [l o1'C/lifo lil /l1l lO fulfíll its 
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L1AT Itas 1I.'selllbled a I{I/'Kc 
Kermplastll enlleeri"" rllroug/¡ 
"Ia/lf explorarioll in SOL/tl".'II'" 
-,hin dur;lIg rlte !J".,t IJ Jear.'. 

A ('ore eo/lecr;on hll.' "een 
selected, h(/.\ed (¡ti "I'iKi" (//1(/ 

011 {/ series (JI gCrlllf' / a .\11l 

eh a rllcteri:'(1 ti (111 "tira ntefers. 

BACKGROUND AND JUSTlfICATION 

ro lé as a legu me that en hat1ces soi l fe rtil ity and animal 
prod uction , lowe r tan ni" levels ancl hi .g her di gestlbility are 
importan! cri tena ror culti val' develol'ment In thi s speci es, 

2.4 The genetlc resources hase 

Prel imin ary s t uch es ",ith a lilllited set of genotypes 
sugg csted th at tannin le vels in n. ol'a l i/i,/i/l lll are 
in Oue nced by so il fe rtil ity and season (Sobri nho, 1982 : 
Sa linas and Lascano . 1983), O bservatiol1s rnad e in the 
hu mld trop ica l lo wl ands , s ug gest thal IJ (ll'o li{o lil"" is 
pal a tablé and we ll accepted by ca ttle i" th at envi ron rn ent, 
e g . in Caquetá , Colombia. and also in the hu mid tro pics 
of Bahia . Bra z il . (C IAT, 1990 \ In add ition, tanl1i n leve ls 
see rn 10 va ry among geno types like a range of o th er pl a nt 
charac te risti es (Sch u It ze- K ra ft a nd Bena vi des , 198 8) 

Tllls . however. needs to be cl ar ified ancl quan tified, 
rn a king e ffie ient use o f the collee tion o f a bout 1 GO 
acee s ions , that C IAT has assemb lecl cl ul'lng th e past I ~ 
ye ars thro ug h plan t explo ratio n in th e w ild in Southeas l 
As ia, the ce llter of diversity o f the spec ies. T hi s co llection 
represents a unique geneti c resource th a r has not been 
tapped as ye t, 

To reduce the total collectlon lo " manageable s ize, a 
eore co ll ec tion eo rnpos eu of 3 5 genotypes has been 
se lec t0d . bas ed 0 11 o rigill and eo ll ce tio n site descnpto rs . 
and on a S0ries of germplasm c!tarae!"ri zati on pa ra meters 
íllc\ucling fl.' wering time an d seed ing, and preli m'Inar,v 
qua lity a~S~5smen t 

2.5 ProjeC't outline 

Tlle eor~ ~ollect¡on w lil be establishcd at tour 
localiol) s in Colombia, with so" and c lima te charaetel .,lies 
as follows . Rainfall pa tterns of lhe four 10catlollS are 
showlI in Figure J. 
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T/¡e cote col/ec/iof/ 1I'í11 be 
('\'{/llltlled lIl/ol/rlll("(llio//.\ in 

Colombia. 

BACKGROUNDANDJUSTIfICATION 

I /) Wdl drained savalUla. Llanos of Colombia (CORPOICA
e IAT. Carilllagua research s tation). Soils : Oxisol. verv 
acid (pH ~4.0) . high Al satu!'ation (> 80~ ; ,) . lo\\' fertility. 
well d rained. Climate: Hot nnd 2300 ml11 alllll1al raillfall 
\Vi lll ~ llIont],s dr\' senson . 

(]j Humid tropics. Florencia. Caqlletá (CORPOIC\. 
Macagual re earch stalion). Soil s : Ultisol. acid (pH ?,5.0\. 
high Al satllmt;oll (> 70°/.). lo,," ferlilitv. moderate 
drainage . C limate: Hol and 3600 mm nnnllal rainfalllV.lh 
I.ltk dn sea SOn stress 

(3) Hillsidcs-dry. Mondolllo. Ca llca (farmers fie ld) Soils : 
Modera tel) acid (flH :::55 ). 10 \\' Al sa turat ion (;::20%). 
modera te fert ilit~· . well drained . Climate: Cool because of 
altitlldc ( 1"00 II l.a .s .l.) ami 1800 mm a nnlla l rainfa ll with 
billlodal dist ribution and d l'\ scason stress . 

14 1 Hillsides-"el. Chinchiná. Caldas (CENIC'.I\FE rescaTeh 
sta tion) Soils : Moderateh acid (pH :::5.5 ). lo\\' Al 
saturation (~30%). modera te fertilil)'. Clilllatc: Cool 
becallse of a ltitude (1400 m.a .s. 1.) and 1900 nlln nnntlal 
ralllfall \Vilh bimodal distriblltion mld little drl' sea son 
stress. 

As in Ihe loca t io ns se lectcd th e fac tor " tem perature" 

(hot vs . cool) is confounded \Vi!h so il " ac idily/fertility" 
(acid/ lo'" fer tilily \'$ . moder~ te l y ac id / moder3te fertility), a 
fertili z atiol1 t[ catme nt ",ith ¡wo leve ls ""il! be applied (Iow 

and hig h) in order to e h.llinat e thi s co nFoundil1g effe et: 
The low fertilization represents a mínimum input leve l and 

will b e adjusleel for the t\Va low-fertilitl' loeations 
"Llanos" and " ( aquetá " in areler 10 assllfe that plants do 

establish a nd produce. The hi g h level will be adjusted al 

e3c h locat ion 10 remo ve so il rertilitl' Slress eomplete ll' and 

tllllS to prol1lote g rowlh !leal' maxil1lum. 

T he ex perimenl \Vi II laSI fo r t\Vo anel a half l'ears and 
meas ur c ments w ill be carried o ut in the establishment 
ph ase (first G mo nth s) and during ol1e rainy and one drl' 

season of th e sllbsequenl production phase (24 months) . 
Measurell1 ents will conce ntra te 011 sta nelard agronom ic 
parameters , incluel.ng dr)' malter and sec el produc líon , 



C%mhian NARI \ awllocal 
ul¡j"er.~ities ",itl cotlahoratc ill 
tite {lrt!;c!Cf. 

BACKGROUND AND JlJSTlflCATION . .-

resístancc to pests , dl seas¿s anJ drought , and on litter and 
forage qua!ity factors related to tannin contents and 
digestibility , including palatability lInder grazing. 

Results will be s ubj ected to multi varoate statist ica l 
analyses , and wlll cons ide r rel ations be twecn agronomi c 
and qual ity measurements, and the e ffec ts o f locatio n, 
season, fe rtilization, genotype , and genotype x loca tion 
interaction. 

2.6 Ability of orgauizations aud individ uals to 
undertake the reseal'ch 

Tlle projec t's pri ncipal e l AT scient is ts Drs . p c. 
Kerr idge (p roject leade r), B . L. Maass, C. E. Lasca no, and 
M. C. Amézq uita have long· term expe rience in the 
evaluation of tropica l forage germplas m. namely in the 
areas of plant nll tr ition/soil fertil ;ty, genetic vari ab ilityl 
agro nomy, forage q llal ity/ani mal nut rit ion, and s tati stical 
analysis, respecti vely. T hey will be ab le lO prov;de the 
req llired local supe rvision lo th e doctoral sludent and the 
eventual M .Sc. and B .Sc. students . 

Since many years, the CIAT Tropical Forages P rogram 
(formerl y T ropical Pastures Prograon) has been cooperating 
c lose ly \Vlth the e olombian NARl ' s CO RPOI CA (formerly 
ICA) and CENICAFE, and with local lInivc rs it ies, that 
have faclllti es of agri cu lture and biology . The C'fAT 
sci entists \V iII lherefore be able to maintain the necessary 
links fo r an active participation of the national partners in 
th e prOJect. Drs Jaime Velásquez (CORPOICA) and 
Senén Suá .. ez (CENIC AFE) lIsed to be staff member and 
vl s i ting researcher, respecti ve ly , of lhe former el A T 
Tropical Pastures Prog ra mo The collaboration of 
CORPOICA-Macagual and CENICAF E ",ill essentially 
consist o f providing the required experimental area and the 
cor .. es pondi ng logistics, along witll active participatioil in 
th e pe .. iodic measurements, and eventual slIperv ision of a 
B. Se . student. Operatir,~al costs ",ill be borne by th" 
projec t funds that are admll\istered by CIAT . 

11 



BACKGROUNDANDJUSTIFICATlON _ ._._ .. _ .... __ ... _-_._ .. _--= ======== 

The German project partner al so contributes Wlth a 
longterm experience in collection and evaluation of 
tropical forage genetic resources (Prof. R. Schultze-Kraft , 
project co-Ieader) . The doctoral student is Mr. Axel 
Schmidt who has an 8-month field-work experience with 
tropical forage legume evalllation in Colombia; he speaks 
Spanish flllentJy 

2.7 Agricultural development and ecology 
implications of tbe project 

In either aspect the project is highly relevant 
Varieties of Desmodium ovalifolium varieties that 
combine productivity and an acceplable level of forage 
quality wilh the ability lo thrive and produce on marginal 
lands with infertile soils , will contribute to increased 
livestock production. 

In addition, they will provide building blocks for 
de veloping sustainable land use systems in the humid and 
subhumid tTopics through their ability of soil conservation 
and soil enhancement . They may even be used in 
reclaming afeas with degraded so;ls . 

lIl1 



3.0 Project Objectives 

TI/e project IUls a clear gOI/I, 
",lrieh eomplemen's a",1 
i/ltegrates i/lto tire re .• earc/r of 
,Ir" CIAT Tropical Fomge .• 
Program, 

n/e exp ected out/lIIts will he/p 
ide/ltirY tite ec%giel/I nicltes 
for tire utilizatiol/ orD. 
ovali foliulll 

Goal 

To cootribute to s usta inable ag ricultura l produetion on 
acid so ils in the hum id ancl s ubhumid tropi c$ throug h 
appropriate use of available plan! genetie res ources of rh e 
cover e rop and forage leg ume Deslllodil//n ol"alifalilllll 

Project Purpose 

To assess th e ag ronomic and forage quality potential 
of D. ovalifolil/lll based on a eore co ll ee rion, at 
repres entati ve high -ra infall loeat ions in Colombia. 

rhe speeirie obj ee ti ves are 

(i) To eharactcri ze aod eva luate the eolleetion io temlS of 
important agronomie eharacteristics and liner/foragc 
quali!y, !he lancr ",ith emphasis on tann in contents, 
degradability/diges!ibility, and palatability to canle. 

(i i) To detemlÍnc' the effeet of soil fertility and elimare on 
agronomic eharacterisries and litrer/forage quality. 

Oh) To identify genotype x envirorunent interactions with 
respect to agronomie eharacteristics and liner/forage 
quality. 

Project Outputs 

The ex peeted outputs from the abo ve objecti ves are: 

• Identificatian of superior genotypes ,,-irb a potential ror 
pasture improvcOlcnt aud soil conservation for edaphic and 
elimat ie environmcnts as rcpresented by one ar more of the 
four experiment lacations . 

• Identification of cdaprue and c1imatic environmcnts ",here 
the potential of D. ova!i/iJ/iwn is particularly high . 

m 



Re.mlls 0/'1 lilter und fiJruge 
quolify willllssisf research in 
IIIlIltipulpose frees ond 
s¡'ruhs. 

PROUECTOBJECT~~ 

• Broadened knowledge about the effect of soil fertility and 
c1imate on Iitterlforage qua lit y of legumes, that contain 
tannins . This is also highl)' relevant to the work ",¡tb 
multipurpose tree and shrub legumes . 

• Identification of regions, in tbe species' center of diversity, 
from where most promising genol)'Pes of D. ovalifolium 
originated and wbere future germplasm collection missions 
should concentrate, consequentlv. 
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Figure 2 

Project Description 
Work Breakdown Structure Linking Project Activities to Project Outputs 

Identified superior 
genotypes and 

environment x quality 
interactions known 

f> Prepare soil and plant eore 
eolleetion at 4 sites 

1+ Evaluate agronomieally eore 
eolleetion 

f> Analyse forage quality and 
anti-quality eomponents in 
laboratory 

1+ Study acceptability for eattle 

f> Study litter quality and 
decomposition, and root 
biomass produetion 

'+ Analyse data 

Program Goal 

To contribute to sustainable agricultural production on acid soils in 
humid and subhumid tropics Ihrough appropriate use of available 
plant genetic resources of the cover erop and forage legume 
Desmodium ovalifolium. 

I 

Project Purpose 

To assess the agronomic and forage quality potential of D. 
ovalifo/ium based on a core collection, at representative high
rainfall loeations in Colombia. 

Identified environments 
with high potential for 
growing D. ovalifolium 

1+ Sample soil at 4 sites and 
perform analysis 

1+ Record elimate at 4 sites 
and perform analysis 

1+ Analyse performance and 
quality data in relation to 
environmental data with 
multivariate statisties 

1+ Analyse RIEPT data 

'+ Develop a GIS map 

Identified regions of 
genetic resources with 

highest potential for 
utilization 

~ Analyse data with reference 
to origin of material 

1+ Characterize the 
germplasm eollection by 
isozymes 

'+ Analyse data with reference 
to origin of material and 
quality traits 

1+ 

r 

1+ 

~ 

'+ 

Training and 
dissemination of 

information 

Supervise researeh of 
undergraduate and 
graduate students from 
Colombia 

Supervise researeh of 
doctoral and diploma 
students from Germany 
Foster research linkage 
with local institutions 
Conduct annual workshop 
to plan and discuss project 

Write-up of theses; publish 
research ameles 

1'r(JJ«1 Dt:wI(}(»IOIl O¡JW 
,,:~]Jm 
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4.0 Work Plan 

Tite projccl will be 
coordinoted by the Tropiwl 
Forages Program. ami bolh 
Colombion and Germa/l 
students a/lli scielltisls will 
carry out the researcl1. 

The principal activities and subactivities of the project 
as they relate to the project's outputs are ilIustrated in 
Figure 2. Figure 3 shows the project organization 
concerning technical reporting and financial management. 
The implementation schedule, showing the beginning and 
duration of each main activity, is shown in Figure 4. 

The execution of the project wilI require three years. 
The project will be coordinated by Dr. P.C. Kerridge, 
Leader ofthe Tropical Forages Program, ClAT, with 
assistance from other scientists from ClAT and staff from 
the University of Hohenheim, Germany. 

The research wiII be carried out by students and staff 
of German and Colombian Universities and ClAT 
scientists (see also 5.0 Training) . 

Figure 2 shows the breakdown of the project st.ructure 
with descriptions ofthe activities . Detailed descriptions 
of the proposed activities folIow. 

4.1 Identified superior genotypes of D. 
ovalifolillm witb a potential for pasture 
improvement and soiJ conservation 

Core colIection 

The experiment wiII involve the evaluation of a core 
colIection (35 genotypes) of the ex situ coIlection of 
Desmodillm ovalifolillm maintained in the ClAT 
germplasm bank. This core collection has been assembled 
based mainly on origino However, agronomic and quality 
data, such as growth habit, flowering pattern, tannin 
content and relative palatability obtained in previous 
evaluations have also been taken into account (Table 1). 

Presently, seed of the 35 genotypes is being increased 
to make further evaluation possible. 

m 
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CIAT Research 
Project Coordinator 

Figure 3 

Project Organization Chart 
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Director General/Research 

CIAT Tropical 
Forages Program 

CIA T Deputy Director of 
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CIAT Project 
Support Office 
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CIAT Senior 
Research Staff 

University of 
Hohenheim 

CORPOICA 

CENICAFE 

,---'------,. 
·Financial Analysis 
I and Reporting 
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1, Monitoringl 
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Figure 4 

Implementation Schedule of Activities by Quarter (Q) 

, ' , 
, '~¡, 

~ , 

1995 1996 1997 ' ,'., 

¡/,"¡ ,~ ~;, ' 
Af!tivity , e :Q1.1 ·Q2 ,1 Q3J04 ;' tlF I .;tu l Q3' 1 :Q1 1: Q2 ,l Q3 ' + 04 ", ''''¡ioS''''· , ' '",,:, " '04 

.. 
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FIELD EXPERIMENT 
Establishment of experiment .m -Agronomic evaluation of establishment 
Agronomic evaluation of production 
Underground biomass production 
Litter studies 
Acceptability trial , e 

LABORATORY WORK 
Sampling 
Laboratory quality analysis ::J liliiii 
Isozyme characterization 

DATA ANAL YSIS 
Environmental data of experimental sites i.=I r- -Environmental data of origin -Agronomic and production data 
Litter/forage quality data - .. 
Acceptability data -Isozyme data -Combined, multiple analysis 

GIS MAPPING 

WORKSHOPS :::J 1::1 -
PUBLlCATION OF RESULTS - ¡-- ... 

_ German Ph .D. students _ Colombian 8.Sc.lM.Sc. students _ German M.Sc. studenls ----~:~_u\llI:'J,tW 
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Table 1: Origin of core collection of Desmodium ovalifolium 

Country 01 
origin 

Thailand 

Vietnam 

Malaysia 

Indonesia 

Without 
information 

Accessions 
(No.) 

21 

3 

5 

4 

2 

Range of 
latitudes 

19N-6N 

15N-12N 

6N-2N 

5N-4S 

Range of 
altitudes 

25-900 

150-900 

30-80 

40-120 

Table 2: Surnrnary of characteristics of locations 

Al 

Range 01 
rain1all 

1160-4540 

1840-2200 

2150-2900 

1840-3190 

Dry 
Location Acidity saturation Fertility Temperature season 

stress 

Llanos/ 
Carimagua H H L Hot H 

Humid Tropics/ 
Caquetá H H L Hot L 

Hillsidesl 
Cauca M L M Cool H 

Hillsidesl 
Chinchiná M L M Cool L 

H = high M = moderate L = low 

ID 



WORK PLAN _._._ ...... _ .... _ ... _ ...•.. _-----_._ ... _ - _.-._--_ .... __ .. _ ......... _------ -------_ . . -.-._-._.-._ .... __ .... _-

Appropril/le slllfislics will be 
applied lo ana/yse lite 
cllmplex dala set~. 

---------------------

Sites for evaluation 

The evaluation will be carried out in different 
ecoregions in Colombia_ The most important features of 
the fOUT sites selected are mentioned in Section 2.5 and are 
summarized in Table 2. Each site will be characterized in 
terms of soil physical and chemical properties_ During the 
duration of the experiment soil moisture will be 
monitored, and climatic data will be recorded (i .e., day/ 
night temperature, relative humidity, rainfall) . 

Experimental design 

The core collection will be planted al each sJle in a 
split-plot arrangement with two replications_ The main 
plot will be fertility level and the subplot genotypes. 

The main plot will be the fertility level applied (Iow 
and high) and the sub-plot genotypes_ 

Measurements 

Measurements and evaluations will be carried out in 
the establishment phase (6 months) and during the 
production phase (1 & months) as detailed in Table 3. 

Analysis of results 

Common deseriptive statislies will be applied to 
explore Ihe data generated _ Analysis of varianee will be 
applied for all variables measured or evaluated to 
determine differences between genotypes, environments, 
and the interaetion of both. Correlation analysis will help 
understand the interdependence of agronomic and quality 
factors. Analysis of slability of both data seIs, such as the 
Stability Index of Eberhart and Russell (\966), will be 
performed to identify superior genotypes across ecoregion, 
not only in terms of agronomic performance but also 
concerning litter/forage quality features F or example, 
Keller-Grein el al. (1993) conducted this kind of analysis 
of performance across species and accessions in ¡he humid 
tropies of South America_ 

lll1 



Table 3: Evaluation parameters and methods 

Establishment phase 

Agronomic measurements will be taken monthly. 

1. Number 01 plants 
2. Soil cover (%) 
3. Incidence 01 pests and diseases 

Production phase 

Agronomic measuremenls will be taken every 6 and 8 weeks in the periods 01 maximum and 
minimum rainlall, respectively, lollowing a unilormizalion cut. The melhodology applied will be 
modilied based on Toledo (1982). 

1. Plant height and lateral extension (cm) 
2. Forage yield (biomass production g/m') 
3. Leal:stem proportion (%) 
4. Flowering date (days after transplanling) 
5. Seed yield (g/planl) 
6. Incidence 01 pesls and diseases 

Quality measuremenls will be carried out on leaves 01 4-6 weeks-old regrow1h which were sampled 
twice during the period 01 maximum rainlall and twice during the period 01 minimum rainlall. 
Laboratory analyses will be carried out utilizing the same methods as Carulla (1994). 

1. Crude protein (%) 
2. Indigestible N (N in ADF) 
3. Cell wall conlent (NDF) 
4. In vitro digestibilily (DM and cell wall) 
5. Extractable and bound (Iiber and protein) condensed tannins 
6. Capacily 01 tannins to bind protein (radial dilussion assay) 
7. Relative degree 01 polymerization 01 tannins (i.e., Iype 01 tannins) 

Acceptability measurements as reported by Maass (1988) and Thomas and Schullze-Kraft (1990) 
and detailed below, are planned on 4-6 weeks-old regrowth, once during the period 01 maximum 
rainlall and once during the period 01 minimum rainlall. 

The relative palatabilily 01 genolypes 01 O. ovalifolium will be measured in Caleteria-Iype 
trial. Four groups 01 animals (2-3 animals/group) will be adjusted lor 3 days in one 01 
the replications 01 each lertilizer plot. Following adjustment, each group 01 animals will 
graze one 01 the lertilizar plots for 3 days. On each day the genolype being grazed will 
be recorded at 10-minutes-intervals. A palatabilily index will be calculated for each 
genolype within each fertilily level. These palatabilily indices will be complemented by 
measurements on forage utilization (i.e., forage on olfer before and after grazing). 



WORK PlAN _._ ......... _ ... _._ ... _._-_ ... _ ....... _-_ ... _._ .. -_ ... _ .. _---_ .. _---_._.~ ...................... ........... _ ...... _--- -_ ... __ .......... _._---

¡yfultil'Oriate sllltislics help 
t1iscriminllte the l1Iost 
importllnl em,ironmellllll 
Jllc lors Jor peiformal1ce (It/(l 

qua/it)'. 

4.2 Identified edapbo-c1imatic environments 
witb high potential for growing D. 
ovalifolillm 

Analysis of trial results 

With the pUfpose of identifying the edapho-c1imatic 
pattern for growing D. ova/ifoli/lnl, multivariate statistics 
will be applied to reduce the climate and soil variables 
measured to the most important ones. Similar analyses 
have been performed previously at CIAT with the legume 
SI)'/osan/hes guianensis (Amézquita et al. , 1991) and the 
grass Andropogon gayan/ls (Amézquita et al. , ¡ 989), 
where Principal Component Analysis and Step-wise 
Multiple Regression Analysis helped discriminate the most 
important environmental factors. The resulting factors will 
then be subjected to statistical analysis to estimate the 
effects of location , fertilizer within location, genotype and 
genotype x location interaction , through Analysis of 
Variance. 

Response variables of the genotypes such as yield and 
quality will be related to an "environmental index" which 
combines edaphic, climatic and biotic indicators , resulting 
from a Principal Component Analysis on environmental 
variables that explain the largest proportion of variation 
among sites. 

GIS map 

Given the identification of particular environmental 
factors the basis for a map wiU be developed in 
eollaboration with the Geographic lnformation Systems 
(GIS) Section at ClAT, which will indicate regions of 
highest potential for growing Desnlodi/lln.ovalífo/iunI as a 
cover crop and/or for pasture improvement. Data produced 
within the RIEPT network in the past 15 years, by 
evaluating the commercial genotype of D. ova/ifoliuln 
(accession CIAT 350) over a wide range ofsites in the 
American tropies , will also be utilized to generate thi s 



ACTMnES ANO OUTPUfS 
======~- =- -- -------------

Tite regiofls 1I'ith higilest 
potcntialfor growing D. 
ovalifoliulD lVill be indicared 
in {/ map. 

map. Recently such a map was produced to ~termine 
potential growing areas for Lellcaena leucocephala in the 
Americas (Lascano et al., 1994b)_ 

4.3 Broadened knowledge about the effect of 
soil fertility and cIimate on littel' and forage 
quality 

Previous exploratory studies at CIAT (unpubl data) 
suggest a close relation between Iitter and forage quality 
parameters. In the present project, studies of litter 
decomposition will be carried out al the four locations by 
applying Iitter-bag techniques. Litter decomposition 
determined by percent of organic matter remaining in the 
litter bag, and the extent of release of N and P from the 
litter will be measured (e.g., Rao et al, 1992; Sarrantonio, 
1991). 

The resulting rates of decomposition will be submitted 
to Correlation Analysis with forage quality parameters, 
with special emphasis on lannins and cell wall components 
such as fiber Soil fertiJíty and climatic differences of toe 
fom sites will be taken into accoun!. 

4.4 Identified l'egions in the centel' of diversity 
of D. ovalifolillm with genetic resources of 
highest potential fol' utilization 

Isozyrne characterization 

A coaracterization of the entire germplasm collection 
of D. ovalifolium maintained at CIA T will be carried out 
by isozyme analysis applying polyacrylamide gel 
electrophoresis (PAGE). Recent studies, utilizing this 
technique, revealed considerable diversity in germplasm 
collections of legumes, such as Arachis pintoi (Maass et 
al, 1993; Bermúdez and Maass, unpubl data), 
Stylosanthes capitata (Marulanda and Maass, unpubl 
data), and S gllianensis (Maass and Ocampo, unpubl. 

SI 



Gelletic dh'ersify (lml ifs 
re/afioll with use/uF traits will 
be stllllied througlz isoz)'me 
ChllrrlCreri;;atioll, 

1 tlellfijicatioll ()f cellters o/ 
hiodil'ersity lI'i ll assist il1 
de.l'igl1illg €:I situ a/Ul in siru 
conSer1'lltiml sfrategies 01 
genetk resoli rces. 

WORKPLAN 
. _ .. __ ._---_ .. _---- -_ .. " .... " ..... - ... _-_ ... __ ._-" .. ---_ ... _ ... _-----_.-._ .... _._-_ .. _ .. -,----------, 

data), and helped stratify genetic diversity These studies 
are being developed by undergraduate students of a 
Colombian university for their theses. 

Data analysis 

In the subsequent data analysis of banding patterns 
and single bands, the genetic diversity of the collection 
and the genetic similarity of accessions will be described. 
For this purpose, Correspondence Analysis proved to be 
mos! usefuL Geographic centers of diversity will be 
identifíed by relating diversity structure to the origin of the 
specific accessions, These data will be also related to 
agronomic performance and quality data, Furthermore, it 
will be analyzed how well the core collection represents 
the en tire collection, concerning isozyme analysis 

Finally, correlations of isozyme banding patterns and 
quality traits, particularly tannins, will be sought for the 
purpose of identifying a simple marker which may help 
speed up future germplasm screening for tannin contenl. 
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5.0 Training 

Sludentsfrom local 
unil'enilies 1I'ill he gil'en the 
opportu/1i(v for t!tesis 
,.esearch. Women are 
etlcouraged 10 participate in 
the projecf. 

Tmilling o.fjullior 
r<!.~ellrcf¡cr.~ is fln import(l/It 
componen.t of tlle pn~iect. 

5.1 Training of Colombian scientists 

The project will provide the opportunity for four 
Colombian undergraduate stlldents from the universities at 
Palmira (Universidad Nacional), Villavicencio 
(Universidad del Llano) , Florencia (Universidad del 
Amazonas) , and Manizales (Universidad de Caldas) to 
conduct their B.Sc. thesis research at the experiment 
locations Cauca, Carimagua (Llanos), Macagual (Caquetá) , 
and Chinchiná (Caldas) , respectively . According to its 
gender policy, CIAT will take care that both female and 
mal e students will participate in the project if they are 
equally talented . Their thesis subjects will be in the area 
of underground biomass production of D. ovalifolium 
genotypes . 

A M . Sc. thesis opportunity for a Colombian scientist 
is also included in the project. The thesis subject will be 
in the are a of evaluation of plant characteristics in D . 
ovalifolillm that are relevant for soil reclamation, 
including litter qllality and descomposition. 

5.2 Training of German scientists 

A German doctoral student from the University of 
Hohenheim will carry out the main part of the project. He 
will work under the local s upervision of the project leader, 
Dr. P .C. Kerridge , and Dr. B .L. Maass. His work will be 
complemented by short-term studies (6 months) of two 
German diploma students ("MSc students") whose thesis 
subjects will be in the are as of: 

(1) GIS mapping regions ,,,ith high potenlial for growing D. 
ovalifoliwlI as a cover crop and/or for pasture 
improvement; and 

(2) biochemical characterizalion of D. ovalifolium genotypes 
by isozyme electrophoresis . 

ID 



6.0 Expected Patentable Research ResuJts 

CIAT endorses the principie of free access to research 
results. It supports this through publication of research 
findings in international journals and in-house documents . 

There are no patentable reslllts anticipated in this 
project. 
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7.0 Funding Requirements 

7.1 Budget 

The budgets for C IAT ~nd the Uni ve rs ity of 
Hohenheilll appear in T able 4, The CIA T budget incllldes 
the part of the national panners, that will be administcred 
byCIAT 

7.2 Budget Dotes 

Personnel 

• Tile 4 field labore rs budgeted for ClAT refer to I labore rl 
location during 2 years and are the absolllte minimum of 
support persOlUlcl required lO carry out the projeet , 

• n,e German doctoral Sludent (budget eqlli,'alcllt to BA TIII 
2) "'di carry out tile main part of the projee!. He I\'ill be 
supported by 1\"0 Gennan diploma students C'MSe 
sluclcllts"): the stipends ofthe latter (DM 5,000 eaeh) are 
equivalenl to the diploma stlldellt seilolarships gnUltcd b,' 
the Eisclen FOLmdation and inelude their intemational 
tra,'eI from aJld to Germany, 

Resea rch and openltional expenses 

• As the projeet ineludes a grazing phase to determine 
variation in palatability, in addition to eonUllOn expcr;,nent 
establishment costs, feneing and "ater SllppiY for eattle is 
requircd, 

• The projeet requircs freqllcnt travelling bel\\'een the four 
loeations , Thereforc a 4-,,'hecl-drivc vehicle necds lO be 
assigncd during the tl-\'O years of Illcasurements i.n the 
fíeld 
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Table 4 

Centro Internacional de Agricultura Tropical - CIAT 

BMZ - Ganotypa X Envlronrnent Interaction in tila Tropical Caver Crop and Forage 
Lagurne Desmodium ovalifollum 

Proposed Budget in US$ do liara 

Une item Yaar1 Yaar2 Yaar3 Total 

CIAT 
Personnel 

FI8Id IBbourers (4) - 8 "m/yrs 26,000 26,000 52,000 

Total personnel 26,000 26,000 52,000 

Research and Operations 
Supplies and servlces: Fencing, land p<eparatbn, 

fertilizar, ...... ter supplies 3,000 3,000 6,000 
Laboratory anelysis 1 ,000 3,000 2,000 6,000 
. Total researeh and operations 4,000 6,000 2,000 12,000 

Training and 1m.r-ins1i1utional cooperation 
BSc Sludents (4) 2,000 2,000 4,000 
MSc Sludents. (1) 1,500 1,500 3,000 
Workshops 2,000 2,000 2,000 6,000 

Total training and Inter-institutional cooperation 5,500 5,500 2,000 13,000 

Vehicle lease 4,500 5,500 1,000 11,000 

Indirect costa (20% Excluding vehicle) 7,100 7,500 600 15,400 

TOTALCIAT 47,100 SO,500 5,600· 103,400 

HOHENHElM UNIVEASITY 
Personnel 

Doctoral student (1) 12 mo/yr 30,000 30,000 30,000 90,000 
MSc Student (2) 6 rro/yr 3,000 3,000 6,000 
Total personnel 33,000 33,000 30,000 96,000 

Materials and operational expenses 
Uerature searches, photocopies, 

telecanmunications, lrelght expenses, 
publications 2,000 2,000 3,000 7,000 

Portable corrputer 4,000 4,000 
Total rnateriais and operational expenses 6,000 2,000 3,000 11,000 

Tra ... 1 
Local (Doctoral Student) 2,000 2,000 2,000 6,000 
Intemational (Doctoral Student) 2,000 2,000 4,000 

(Supervisor) 5,000 5,000 10,000 
Total Travel 9,000 7,000 4,000 20,000 

TOTAl HOHENHElM UNlVEASITY 42,000 37,000 127,000 
GRANO TOTAL 92,500 42,600 230,400 
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FUNDING REQUIREMENTS 

• The doctoral studcnl ,,011 need aecess lo computer 
faciliti es a l each of the four loeations, Since this e:umot 
be gllaranteed, a portable eompu ter "'ith sorne basie 
soft ,,'are is r~qllired (Hohenheim budget) , 

Training and interinstitutional cooperation 
(CIAT budget) 

• Prov lSion is made for tr¡¡ ining of up to four B,Se, sludents 
rrom Colombian unj,'crsit ies ,vho \\'ill reee ive a small 
allo,,'once lo do his/her tbes is resC3rcil, and for one MSc 
student also froll1 a Colombia n uni, ersitl' 

• Tile Ivorkshops budgeted refe r lO 2-day meetings at CIAT 
"ith the pa rt ieipation of CIA T seientists, the doctora l 
sludent. and the Colombian project partners and their 
rcsea reh assistants. at the beginning of ) ears I and 2, a nd 
at the cnd o f the projeet. in order to diseuss researeil 
mcthodology det:lils of resea reh , projeel progrcss, 3nd 
final rcsulls , 

Travel (Hohenheim budget) 

• Thc amount budgcted for loe31 tml'el re[crs lO an absol ule 
minilllLl!11 nccessary for thc doctoral studcnt to movc 
bel\l ccll the four loealions. ¡"el, petral for the veh,icle, 

• T ile inlemaliona l tra vel (US$ 14,000 for lhe sup0rv isor 
and lhe doctoral sludent) illeludes a prm isioll for an 
eventua l participation in ao international congrcs~, 
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Rainer Schultze-Kraft 

German Project Coordinator for University of Hohenheim 

German 

Germany 

Field work for doctoral thesis 
Centro Internacional de Agricultura Tropical (CIA T) 
Cali, Colombia, 1976 

Dr. agr. degree 
Justus Liebig-University Giessen 
Thesis subject: Studies on the suitability of the legume 
genus Stylosanthes for pasture improvement in tropical 
savannas of South America such as the Colombian Llanos 
Orientales". 
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Agronomist degree. Dipl.-Ing. Agr. 
Agricultural science studies, majoring in plant production 
Justus Liebig-Univesity Giessen, Germany 
Diploma Ing. agr. 
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German, English, Spanish - fluent 
French, Portuguese - working knowledge 

University of Hohenheim, Germany 
Institute of Plant Production in the Tropics and Subtropics 
Professor, Tropical Pastures and Forages 
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Centro Internacional de Agricultura Tropical (CIAT), 
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Tropical Pastures Program (TPP) 
Germplasm Agronomist 

• Head of the TPP Germplasm section: Collection, 
introduction, preliminary evaluation and multiplication 01 
tropical lorage germplasm. 1976 

• Head 01 the TPP Germplasm Development Uni!: 
Coordination 01 research activities 01 seven TPP 
sections (Germplasm, Breeding, Plant Pathology, 
Entomology, Regional Tríals, Agronomy-Llanos, 
Agronomy-Cerrados). 1980 - 1985 

• Head of the TPP section Pasture Agronomy/RIEPT
Llanos: Species evaluation and selection under cutting 
and grazing in the Llanos ecosystem, including on
station research at Carimagua and Villavicencio (Meta, 
Colombia) as well as coordination of RIEPT (Red 
Internacional de Evaluación de Pastos Tropicales) 
network tríals. 1989 - 1991 

Justus Liebig-University, Giessen, Germany 
Institute of Plant Production 
Scientific Assistant 
Januáry, 1973 - April, 1973 

Consultant for German Ministry of Econornic . 
Cooperation (BMZ), Perú 
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August, 1972 - September, 1972 
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INSTITUT FÜR PFLANZENPRODUKTION 
IN DEN TROPEN UNO SUBTROPEN 
Pror. Dr. Rainer Scbultze-Kraft 

PoStaosebrift I Mailinl address: 
Uoiversitit Hobea.heim (380), 0·10593 Stultl&r1 

Dr. Peter C. Kerridge 
Tropical Forages Program 
CIAT 
Apartado Aéreo 6713 
Cali, Colombia 

Dear Dr. Kerridge, 

Appendix B 
PartnerConfirmalion Letten 

Hausadresse: 
70599 Stuttgan -Hohenheim 
Kirchaerstr. 5 
Telefon: (01 11)459 - 2164 
Telefax: (0111) 459 - 23 04 

E-Mail: ¡a,u80@ d,Oruhll (Bitaet) 

I August 1994 

1 am writing te confmn my coromitment and that of the Department of Tropical 
Pastures and Forages of this Institute, te the special project entitled "Genotype x 
environment interaction in a ·core collection of the tropical cover crop and forage 
legume Desmodium ovalifolium" whicb will be proposed te BMZ. 

Sincerely, 

Prof. Dr. R. Schultze-Kraft 
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Corporación Coiomlnana de lnvestlgaómlcs Agrope"wrias 

CURPOICA - el M i\CAgU AL --= -~ -:--,= . '-:'-,-,. , .. ----:...:....:.---,~ 

Maca~u~l, 10 de ~gu8to de 1994 

Doctora 
KMIGl'ITF. MAASS 
F'rofcAffin rte Foru • .ies Tropü.:"les 
CIAT, Cul1 

: ~-=-- . 

No. 194 

Encontramos interesante la propuesta para el proyt!clo nlntcr"~ción 
¡¡enoCipo por medie) amb.tente dc una colección de Desmodium 
ovalifolium - cultivo de cobertura y leguminosa forrajee" tropical", 

Como consideramos que es le proyecto Intenta desarrullar Wla "~pcci" 
promisoria apropiada a sistemas ~ostenible9, estamos muy 
interesados en colahorar con el el AT y otra:; institucione.s para 
llev(1r Il cao" 1"", difct"nte.s ucCivid;¡de,,_ 

Nosotros contri'bui remos con lo Que el pruyecto re4u.i.crn. en .. reos 
parél los exper .imentu:> y oficina para 01 per!'<onal invc~tigador. 
ademS", consideramos necesario poder teller ' acceso a la información 
v ~l gcrmoplasma que se requiera en futuras investigaciones. 

C\Jf I1i,,1 saluuo. 

~ALVAlJOR ROJAS (;üIlZilLEZ 
l.Li..recr.ot" el t·tacaguHl 
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CUraD NACIONAL DE INVlITIUCIONII DE CAn .. 'UIO UIIIEMUIA " 
ChlIIchln' • CaJdM • Colombia 

llAGO. 1994 

Señores 
CENTRO llITERNACIONAL DE AGRICULTURA TROPICAL 
PR<X;RAMA DE PAS'OOS TROPICALES 
Att. Dra. Brigitte L. Masss 
Cali 
VALLE 

DIR 

Asunto: Genotype x Environment Interaction in the Tropical 
Cover e rop and Forage Legume Desmodium ovalifolium 

El Centro Naci onal · de Investigaciones de Café (CENICAFE) de la 
Feder ac i ón Nac i onal de Cafeteros de Colombia. desea colaborar 
con CIAT y otras instituciones en el Proyecto sobre De...,diUII 
ovalifolium. 

Debido a la necesidad de desarrollar esta especie promisoria 
bajo diferentes condiciones ambientales para un uso apropiado 
bajo sistemas de producci6n agropecuaria sost·enibles, hay la 
necesidad de ejecutar el presente trabajo clave para el desarrollo 
y protección del medio ambiente. 

La localidad en Chinchiná, en la Subestaci6n Experimental La 
Romelia, suelos Melanudans a 1370 m de elevación se localiza 
dentro de la zona media de la ladera colombiana, entre l os 1000 
y 2000 m.s.n.m. La zona es diversa en hidrología, suelo y 
vegetac i 6n . . De otro lado, es frágil y el suelo y su pr od uctividad 
desaparecen facilmente cuando no reciben el manejo apropiado. 

De!llllodi..... ovalifolillll es una leguminosa promisoria para la zona 
media de ladera colombiana y la zona Andina Americana para el 
aumento de la productividad y en el mejoramiento de la protección 
del suelo y del medio ambiente, y por 10 tanto CENICAFE colaborará 
en la medida de sus posibilidades para que se lleve a cabo el 
presente proyecto. 

Atentamente, 

~ADBN¡S~ 
Director 

c .c . Programa de Agronomía 
Disciplina Quimica Agricola 

3203 
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CIAT has in-house facilities for the production of high-quality training materials 
and video programs for scientific and extension agricultural activities . 

This proposal was produced and published , using CIA 1's computer layout and 
graphic composition facilities and outside low-cost copying services. 


