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Monday. 2 December 
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and Externa! ReVIewers Jo.sef No.sberger 

Tropical Pastores Program 
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Target EnV!fomnent 
Coft'ee Break 
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09 15 10 00 
10 00-10 30 

1030-1100 

Reg¡onal Gennplasm Evaluatton 
Methodolog¡cal Challenges m Pasture 
Research 
DISCUSSIOD 

Germplasm Case Stud1es 

1100-1130 
1130-12 00 
12 00-1230 
12 30-14 00 

Brachiaria spp 
ArachlS pmtOI ( 7"""' ve. k 1) 
DISCUSSIOn 

Lunch 

Resource Inte¡rat10n 

14 00-14 30 

14 30-15 00 
15 00-15 30 
15 30-16 15 
16 15 16 45 

Integrauon of Savannas and Improved 
Pastures 
DISCUSSIOD 

CotTee Break 
Expenences at the R/D Interface 
DISCUSSIOD 

Chazr Fúemon Ton-es 

Raul Vera 
JamesM Spam 

JohoMdes 

Carlos Loscano 
Opener Oswaldo Voysest 

j;;,t." ~{Y¡ /es 
ve Lapoutte ¡ 
Pedro Argel ,/ 

Opener Juha Komegay/ 

Myles FIS~-4 J 
Opener Gerardo Habzch 

John E. Fergusonl 
Opener LUis Smunt 
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Tuesday. 3 December Chazr Fúemon Torres 

Pasture-Based ProductiOn Systems 

08 00 08 45 
08 45 09 30 
09 30-10 00 
10 00-10 45 
10 45 1115 
1115 1145 
1145 12 15 
12 15 14 00 
14 00-15 30 

15 30-15 35 
15 35 16 00 

16 00-18 00 

Product10n Aspects 
DISCUSS!Oll 
Coft'ee Break 
Processes Affectmg ProductiVIty 
DISCUSS!On 
Conclus10ns 
General DISCUSSion 
Lunch 
Meetmg of Program Collliillttee (PC) and 
Externa! Consultant (EC) Wlth seruor 
staff of TPP Interactive quest10n and 
answer sess10n 
Coft'ee Break (Drrs Terrace) 

Rlchard Thomas 
Opener Robert Zetgler 

ldupulapah Roo 
0pener Jeffrey Wlute 

Raul Vera 

Meetmg of PC EC Program Leader (PL) 
of TPP and Deputy Drrector General (DDG)_ft{;L.$. 
to d!Scuss pomts needmg clanficat10n 
(Board Room) 
PreparatiOn of the components of the first 
draft of the PC report on the TPP by PC 
and EC 

(Note Aftemoon free for aii seruor staff not mvolved m d1scuss10ns) 

) 
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Wednesday. 4 December 

Genenc Resources Umt 

08 00-08 20 
08 20.08 55 
08 55-09 20 
09 20.09 50 
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09 55 1015 

-?10 15 10 35 
1035 10 55 
10 55 1100 
11 00-11 10 
1110.11 20 
1120.1140 
1140.12 30 
12 30.14 00 

General Introductmn 
Tropical Pastures Germplasm 
DJScussmn 
Phaseolus Bean Germplasm 
User Perspective 
DISCUSSIOn 

CotTee Break 
Mamhot Germplasm 
User perspect1ve 
DISCUSS!On 

Seed Health Laboratory 
Summary Progress and Prospects 
General DJscussJon 
Lunch 

Cassava Program 

14 00-14 30 lntroductmn 

SessiOn 1 Germplasm Development 

14 30.15 10 
15 10.15 25 
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Germplasm Overnew 
CotTee Break 
Crop Physmlogy Its Contnbuuon To 
a Breedmg Strategy 
DiSCUSSIOn 

Sess1on 2. Crop Protechon 

16 25 17 05 
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Steve Beebe 
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Mabrouk El Sharkawy 
Opener Elao Guunaraes 

Crop Protectlon Research 
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Thursday. S December Chazr Douglas Lamg 

Sess10n 2. Croo Protectton (Contmued) 

/os 00 08 30 Advances m Research and Implementauon 

08 30-09 00 
of Cassava Crop Protecuon 
DISCUSSIOD 

AnnBraun 
Opener Cesar Cardona 

Sess1on 3. Crop Mana¡¡ement 

Jo9 00-09 40 Crop and Sml Management Research ReuúumJt Howeler 
09 40-09 55 CotTee Break 
09 55 10 25 Integraung Crop Management Components for 

Sustamable Product1on RaulMorerw 
Opener Albert FIScher 1025 1055 DlSCUSSlOD 

Sess10n 4. UtihzatJon and Marketm¡¡ 

10 55 1135 

1135 12 05 

12 05 12 35 
12 35 14 00 

Cassava Uuhzatwn and Markeung 
A Product Development Approach 
lmprovmg Small Scale Cassava Starch 
Extractwn Processes 
(presented m Spamsh) 
0JSCUSSIOD 

Lunch 

Chnstopher Wheatley 

Gerard Chuzel 
Opener Jacquebne Ashby 

Sess10n S. Re!!Ional Collaboration 

14 00-14 15 
14 15 14 50 

14 50-15 10 
15 10-15 25 
15 25 16 00 

16 00-16 30 
16 30-17 00 
17 00-17 30 
17 30-19 00 

Introductlon 
Latm Amenca Lmkmg Cassava Research With 
Development The lntegrated Cassava ProJeCts 
Concept Bernardo OspUUl 
Afnca CIAT's Collaborauon With llTA Marr:w Porto 
CotTee Break 
As1a What Have we Aclneved and Where Are We 
Gomg? Kazuo Kawano 
OJScusswn Opener Roger Kirkby 
The Way Ahead Rupert Bew 
General O!scuss1on 
Meetmg of EC and PC With members of the Cassava 
Program m the Board Room to discuss general 
aspects of the Cassava Program and first draft 
on the PC/EC report on the Program 
(Coffee avrulable at 17 30) 
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11 os 1125 
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Chmr Gustavo Nores 

Presentatmn of other Programs and Umts of CIAT 
H1ghhghts of ActiVItles 1990 1991 

Presentat10ns by Bean Program and 
Dtscusston Douglas Pacluco 
CotTee Break 
Perspectlves on Rtce Blast Research 
Molecular Markers for Marupulatwn of Rtce 
Blast Reststance Genes 
Populatton Structure and Dynarrucs of the 
Rtce Blast Pathogen 

Cesar Mart!neZ 

loe Tohme 

MomsLevy 
Synthests of a Rtce Blast Reststance Management 
Strategy Robert Zergler 
Cjosmg Ceremony 

Employee Recogrutwn 

1991 ORPA Presentatwn 
Closmg Remarks on Behalf of 

the Board 
Closmg of APR 1991 

Lunch 
Meeting of the EC and the PC wtth the 
Program Leader of the Cassava Program 
and the Drrector General to clanfy 
pomts related to the PC report on the 
Cassava Program and finahzatton of the 
first draft of PC report by PC/EC 
on the Program (Board Room) 
CotTee Break (Drrs Terrace) 
Meeting of the EC and the PC wtth the 
Umt Head of the GRU and the Deputy 
Drrector General to clanfy pmñts 
related to the PC report on the GRU and 

Luaa de Vaccaroj 
Gustavo Nores 

Richard Flavell 

Luaa de Vaccaro 
Gustavo Nores 

first draft of PC/EC report on GRU (Board Room) 
Meeting of the DG and the Management Comrruttee 
wtth the PC and the EC to dtséilss the overall 
outcome of the Intemal Program Revtew process 
mcludmg the first draft of the PC report 

(Note Aftemoon free for all seruor staff not mvolved m above meetmgs) 



Saturday. 7 December. 

08 30-1700 

Sunday. 8 December 

FmalrzatiOn of the report by the PC 
(Coffe Breaks 10 00 and 15 30 hours) 

Departure of Board Members and Externa! Consultants 
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TROPICAL PASTURES PROGRAM 

EXECUTIVE SUMMARY 

ObJectlves and strateg¡es 

The obJeCtlve of CIATs Tropical Pasture Program for the penod 1986 1991 

has been to contnbute to the 1mprovement of beef and IIlllk productwn m the ac1d 

smls of the troptcal lowlands by means of 1mproved grass legume pastures wtth tts 

mam emphas1s placed on Latin Amenca and the Canbbean. In so domg the Program 

amted also to contnbute to econom1c growth and socral welfare and to support the 

development of sustamable tropical farming systems based on produCtlve and 

pers!Stent pastures 

Dunng the penod under reVIew and as consequence of changes both m the 

external and also m the mstltutwnal enV!Tonrnent, the Program gradually mcorporated 

new spectfic obJeCtlves and new strateg¡es to accompl!Sh them The tmtlal emphas!S 

regardmg mcreased hvestock productwn on marg¡nal smls so as to release ferttle lands 

for crop produCtlon (CIAT m the 1980s reVISited, 1985) has remamed a dommant one 

throughout the penod Nevertheless the dynarrusm expenenced by the economies of 

the reg¡on and 1ts effect on the hvestock sector led the Program to mclude also other 

perspect1ves Thus at the beg¡nrung of the penod (Annual Report, 1987) the mam 

research strateg¡es were based on the broaderung of genettc vanabthty through 

colleCtlon and h1ghly seleCtlve breedmg, and the screenmg of forage germplasm for 

adaptatiOn to bwphys1cal constramts m the mandate area. These two mam strateg1es 

were supplemented wtth the development of low extemal mput, and low nsk 

techmques for the estabhshment of grass legume assocratwns Half way through the 

penod the need to develop a more mechamstic understandmg of the processes 

underlymg tropical pasture adaptatton, pers1stence and produCtlon was recogmzed 

Consequently the need to develop an understandmg of sml plant ammal mteractwns 

m grazed pastures was mcorporated as a sig¡uficant Program strategy It should be 



noted however that the adoptlon of tlns new strategy was only made poss1ble by the 

eXIStence of pers1stent and produetlve speC!es 1dentúied prevwusly by means of 

mass!Ve evaluatlon of hundreds of accesswns m the Program s maJor screenmg s1tes 

and through RIEPT Progress made m pursumg th1s new strategy 1s reported m severa! 

of the followmg chapters 

In a sliDliar vem, the Program also 1dentúied the need to progress beyond the 

formal on stauon stages of pastlire evaluatlon, to mcorporate graz~er s perspectlves 

mto 1ts screenmg mtena. Intlmately related to th!S challenge was the by then 

apparent concem regardmg the lack of instltlitlonal means for effeetlve dehvery of 

emergmg pasture related technolog¡es at the leve! of most countnes m the mandate 

reg¡on, Th1s defiClency was most notable ¡n, but not restncted to the seed sector 

Surmountlng these defiCleDCleS was essenual to be able to doCllment the techrucal and 

econoiD!c feas1b1hty of usmg grass leg¡¡me pastlires Th1s theme evolved towards the 

end of the penod under reV!ew and was mmed at overcoiD!ng the doubts m th1s type 

of technology aroused by the consequence of well meant but techrucally weak pastlire 

development programs 1IDplemented m severa! countnes m the m the late 1960 and 

1970's The Program reallocated funds to pursue these new lnltlatlves and also 

redes1gned the objeetlves of sorne of 1ts Sectwns Even more slgruficant though was 

the fact that the Program thus began to explore the hiD!ts of orthodox research and 

even overlap m sorne areas trad!t!Onally hnked Wlth technology transfer and 

agnCllitural development To accomphsh these Objectlves Wlthout oversteppmg m the 

domam of Nauonallnstitlitlons the Program developed stlid1es m a small number of 

carefully selected contrastlng cases It was hypothes!Zed that these lnltlatlves would 

also proVlde methodolog¡cal 1ns1ghts while serVlng as a testbed for sorne of the new 

approaches bemg researched Severa! examples of these cases are mcluded m the full 

report 

In concluswn 1t lS posrulated that the Tropical Pastures Program responded 

dynanncally to changes m perce1ved needs regardmg research and development, whlle 
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mamtaunng its central focus on explmtmg natural geneuc vanability m forage 

germplasm for adaptauon to aCld sods of low fertility 

The setung 

The obJeCUves strateg¡es and mode of acuon of the Tropical Pastures Program 

have been and are mfluenced by many factors These can be grouped mto those 

belong¡ng to the overall econormc envrronment, those dealmg wtth the Natwnal 

Insutuuons wtth whlch the Program collaborates and those mtrmsiC to CIAT itself 

Smce pastures are seldom ú ever an end product by themselves pasture 

research has to take mto account the trends of the mam products of pasture 

utilizauon. In the tropical lowlands of Latm Amenca and the Canbbean. these are 

beef and nnlk produced by rummants drrectly grazmg pastures Prevwus Annual 

Reports m both the correspondmg Introducuons and the chapters dealmg wtth 

Econormcs have dealt extensively wtth the trends of beef and nnlk produCUon and 

consumpuon m the mandate reg¡on and therr !mphcauons SIInllarly all of the recent 

ISSues of Trends m CIAT Commodlues contam detaded analyses What follows 

therefore lS only a bnef summary of the most recent trends 

It lS well known that on average 70% of the populatwn m the reg¡on of mterest 

lS urban. and thls trend contmues unabated The tmphcatwn 1s that most of the beef 

and nnlk produced on pastures will benefit pnmanly urban dwellers lt iS also well 

known that the Latm Amencan populatwns have much larger levels of meat 

consumptwn than those of other developmg nauons In effect, meat consumpuon was 

318 kg per capita m 1989 wtth beef representmg 46% of the total, poultry 34% and 

the remammg bemg porlc. The unsausfied demand for beef and mdk has been well 

documented, as has the large demand elasUClUes for even the poorest segments of the 

populauon. Unfortunately growth rates for meats m general, and beef m parucular 

lag behmd populauon growth (Table 1) wtth the only excepuon bemg poultry In the 
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case of beef 1t has been well documented m the recent past (CIAT Strateg¡c Plan 

Supplement, p 66) that beef producuon ts mcreasmgly bemg diSplaced towards more 

margtnallands wtth a subsequent reducuon m producuon per head 

Table 1 

Product 

Beef 

Mllk 

Poultry 

Pork 

Growth rates of arumal products and of human populatwn m tropical 
Latm Amenca. 

1961/69 1970/79 1980/89 

% per year 

32 26 10 

47 33 22 

101 10 1 44 

31 28 06 

Human populauon 
28 24 22 

Smce the 1960s, poultry product10n and consumptlOn have mcreased rapidly 

In effect, total producuon of meats m tropical lA m 1970 was 5 2 milllon metnc tons 

of which poultry represented only 14 1% whereas m 1989 out of a total of 9 7 milllon, 

lts contribuuon rose to 35 1% The respective percentages for beef were 63 5 and 

46 2% Nevertheless the raptd growth expenenced by poultry as consequence of 

technologtcal mnovauons and gram substdtes has tapered off and there 1s some 

eVIdence that the pnce rauo between the two meats ts now favonng beef (Table 2) 
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Table 2 Pnce ratio between poultry and beef 

Country 1980 1989 

Brazii 052 060 

Colombia 057 073 

Venezuela 049 057 

T1ns bnef update together With numerous preVIous analyses (Trends m CIAT 

Commoditles vanous Issues) remforces the notlon that cattle producuon Wiil remam 

Important m tropical Laun Amenca for the foreseeable futllre a perceptlon clearly 

shared by TAC and the CGIAR m recent documents (TAC 1990 TAC, 1991) In tlns 

context, there has been a tendency m recent years to pay mcreasmg IIDportance to 

research on pastllres and forages for dual purpose systems (beef and nnlk, based 

mostly on crossbred cattle) m the tropical lowlands (TAC, 1990) The Program 

antiCipated this trend m 1987 when new Initlatlves dealmg With on statlon and on farm 

pastllre evaluatiOn begun receivmg senous consideratlon. More recently though doubts 

have begun to emerge regardmg the futllre role of those systems m terms of nnlk 

produetlon, part!Clliarly With the operung up of econom1es and the consequent dnve 

for mcreased effiCiency and speCialJ.Zatlon Thls IS a dynamic sitllatlon whlch will 

reqwre constant morutonng smce It has IIDportant 1IDphcatlons for forage Ideotypes 

for dúferent produetlon systems 

The effeetlveness of research camed out by the Program depends heaVIly on 

the eXIStence of Nauonal lnstitlltlons that assign pnonty to the development of 

Improved pastllres The extent to which thls cooperatlon has been successful m tropical 

Amenca Is Witnessed by the conunued qualitatlve and quantltatlve growth of RIEPT 

and has been paralleled by a sigruficant effort m trrurung Nevertheless dunng the 

penod under reVIew and part!Clliarly over the last two or three years, economic 

reforms Implemented m vanous countnes and aiiDed at decreasmg pub he expenditllres 

have had negatlve 1IDpact on the operatlonal resources avaliable to many NARDs (see 
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survey m Sere Mesa y Franco 1991 Documento de TrabaJO No 80) and, to a lesser 

extent, has contnbuted to a loss of human resources On the other hand, there IS 

anecdotal eVIdence of an expandmg su1te of nongovernment and quas1 government 

orgamzatwns active m agncultural development and technology transfer These two 

contrastmg trends place d1fferent demands on the Program. but may also offer new 

opporturutles ThiS Annual Report mcludes bnef accounts regardmg the mteractlon 

of the Program Wlth sorne of the new actors, mcludmg pnvate mdustry nongovernment 

orgamzatwns graz¡ers cooperat1ves and others ThiS evolvmg Sltuatwn will also requrre 

contlnued morutonng to assure that the Program finds effectlve research and 

development IDStltutlons Wlth which to cooperate 

It 1s appropnate to bnefly reVIew the histoncal evolutwn of mvestments made 

m the Program and to examme the denved benefits The total budget of the Program 

grew from 3 9 m 1980 to US$ 7 9 million m 1989 The flow of total expenses 

accumulated over those ten years amounted to $96 5 milhon (US$ of 1989) It has 

been estlmated (Rlvas y Toledo 1991) that the net present value of the benefits 

accrued, based on the addltional beef and nulk produced by the new cultlvars IS $ 

5060 millions which IS eqmvalent to a benefit of about $ 55 for every dollar mvested 

m the TPP These estlmates therefore tend to support the contentlon made by JarVIS 

and Sere (1991 Doc de TrabaJO No 80) that there has been undennvestment ID 

tropical pasture research ID Lat!n Amenca by the respective countnes and confirms 

the value of such research 

The thrrd and last d~menswn of the settlng m wh1ch the Program has operated 

over the last 5 years, IS that of CIA T's overall obJectlves and strateg¡es The changes 

m objectlves and strateg¡es expenenced by the TPP over the last few years were bnefly 

reVIewed at the beg¡nrung of the present Introductwn This evolutwn naturally 

reflected not only current thmkmg m the Program 1tself but also 1ts relevance to 

CIA T's goals The mcreasmg 1mportance ass1gned to natural resource conservatlon and 

management led the Program to beg¡n research to document the contnbutlon of well 
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managed grass legume pastures to sml enhancement and to more efficrent product1on 

systems Sorne of those 101tlat1ves are dealt With m vanous chapters of the present 

report Similarly the Program has been recogruzed as bemg able to contnbute to the 

des1gn of more productlve and sustamable agr¡Cllltural systems and as such 1ts staff 

made valuable contnbuuons to CIATs ClliTent Strateg¡c Plan. In fact andas has been 

mdicated prev10usly sorne of the research actlVItles undertaken by the Program smce 

1986 predated IOltlat¡ves that would qUite naturally fall m a natural resource 

management program Tlns was the express10n of the Inherent recogruuon by the 

Program, made exphcrt 10 drl'ferent opporturuues that legume based pastures not only 

proVIde mcreased beef and mllk at reduced econonnc cost, but are also assocrated With 

decreased envrronmental degradat1on and nsks 

lnternatlonal cooperation 

The process of decentrahzat1on 101t1ated earher advanced further dunng the 

penod under reVIew In 1986 RIEPTs AdVISory Comnnttee decrded to diVIde a large 

network mto four subnetworks namely those for Central Amenca and the Canbbean, 

Uanos, Cerrados and Hunnd Trop1cs thus parallehng the decentrahzatlon of the 

Program 1tself Each of the subnetworks was to be coordmated by the respective 

reg¡onal AgronomiSt. The last of these reg¡onal agrononnst was outposted m 1987 to 

Costa Rica, 10 a J010t proJect With IICA and the M101stry of Agr¡criiture of Costa Rica 

Very effectlve field and log¡stlcal support was obtamed from two farmers cooperatlves 

and a vocauonal agr¡Cllltural school, whlch made avaiiable field facrht1es office space 

and other support In parallel With thls IOltlative agroecolog¡cal stud1es m Central 

Amenca were 101t1ated by the Agroecolog¡cal Stud1es Urut The mformation 

subsequently collected 10 the reg¡on has been of use not only to the Program but also 

as bases for the elaboratlon of CIATs Strateg¡c Plan. 

Also Withm the realm of RIEPTs actiVItles a substantlal number of techrucal 

meetlngs and workshops was held Two very large techrucal meetmgs of the Central 
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Amenca and of the Hunud Troptcs subnetworks were held The first of these took 

place m MeX!co m 1988 and was attended by pasture soentists of Panama, MeX!co 

Central Amenca and the Canbbean. The meetmg of the Hunud Troptcs subnetwork 

was held m Luna, Peru m 1990 and brought together the largest number of 

partlctpants and techrucal papers ever presented m a meetmg of thts nature The 

proceedmgs of both events contam a wealth of mformauon on germplasm screenmg 

pasture estabhshment, grazmg expenments and development related proJects and 

proV!de an excellent mstght mto the quahtaUve and quantltatlve evolut10n of RIEPT 

In this respect, the last three years have Witnessed a large mcrease m the demands for 

seed of advanced matenals accompamed by the more pressmg need to develop human 

resources m seed muluphcat10n The need to tmplement seed multlphcauon 

mechamsms m the reg10n led the Program to carry out workshops at the natlonal and 

regiOnallevel A total of 8 workshops mvolVIng over 100 partlopants has been held 

to develop nauonal plans for forage seed mult!phcatlon and to follow up on those 

plans Thts has been an extremely successfuluntlaUve that has begun to have a large 

unpact m many countrtes espeoally those m Central Amenca. 

A stnular approach was taken earher regardmg the need to develop both the 

experuse on, and the supply of Rlnzobtum moculants An mtenstve trammg effort was 

carned out m the penod 1986-1988 m techrnques dealmg With Rhtzob!Um management 

and muluphcatlon. Parallel to that actlVIty sunple metbodolog¡es to detect the need 

to moculate were developed and amply demonstrated m field trtals m several member 

countrtes of RIEPT 

A very unportant aspect of mternational cooperat10n and mst1tut10nal 

strengthemng lS that dealmg With more formal traunng than the precedmg truttatlves 

At the begmmng of the decade many countrtes of tropical Latm Amenca totally 

lacked tramed staff and m many countnes troptcal pasture research dtd not formally 

eX!st To meet thts need the Program regularly offers a trrumng course to pasture 

researchers from February to Apnl followed by an optlonal penod of speoahzatlon 
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m one of the Program s Secuons This yearly course IS generally attended by 

approxunately 25 partlCipants and m the penod 1986 1991 a total of 299 tramees was 

rece1ved This has been a cnucally 1mportant mechaniSm to develop expemse m the 

area of pasture research 

Germplasm develo.pment 

The !denuficatlon and development of selected forage germplasm adapted to 

the prevailmg edaphic biotlc and chmauc constramts of the mandate area constltutes 

the mam area of research 

As IS known, untll the creatlon of the Program there was a marked v01d of 

pasture germplasm adapted to the aCid oXISols and ulusols of tropical Amenca Dunng 

the penod under reVlew the Program contmued ~mplementlng 1ts mam strategy to deal 

Wlth thiS ISSUe namely that of expl01tlng the natural gene tic vanabllity of a Wlde range 

of unknown or httle known grass and legume speCies whlle restnctmg plant breedmg 

efforts to highly desrrable speCies m which discrete tra!ts need to be mcorporated or 

1mproved ThlS strategy rehed upon assembhng a large colleCUon of tropical pasture 

plant germplasm, mostly through direct collecuon m the centers of ongm. Dunng the 

penod under reV!ew the number of direct collect10n expedittons decreased relatlve to 

the begmnmg of the decade and those that were undertaken, were generally more 

closely foCllSed The most s1gruficant effort m thiS area was the collecuon of BrachUUia 

undertaken JOmtly Wlth ILCA and Afncan Natwnallnstttutlons m 1985 This collectwn 

was rece1ved m CIAT begmnmg m 1986-87 Although at the time of thiS wnung a 

small proportlon of the lnltlal collecuon has not yet been rece1ved, 1t 1s clear from the 

evaluatlon of these matenals camed out m al! of the Program s maJor screerung s1tes 

that thiS matenal holds enormous potentlal S1gruficant progress has been made m the 

charactenzatlon and evaluatlon of th1s collectwn, mcludmg basehne stud1es of mode 

of reproducuon, preparatory for breedmg aCUV!tles In this context, the cooperauon 

Wlth Dr CaCiida do Valle EMBRAPA CNPGC Brazll was Instrumental m the 
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mtroductton to CIA T of an mduced tetraplmd sexual that can be used to develop 

mterspecúic hybnds m tlus predommantly apmmct1c genus 

A number of relauvely modest collectmg exped1t1ons was undenaken m 

countnes of S E Asia These rumed at enlargmg the collectton of sorne key 

legummous speC!eS mostly m Desmodzum spp and related genera. One result of these 

expedltlons 1s a number of woody legume speC!eS that begm to show s¡gmficant 

agronmmc potentlal for highly aCld soús a condlnon for wh1ch no shrub or tree speC!es 

are presently available 

Lastly a number of bnef exped1ttons was carned out m vanous Latm Amenca 

countrles m cooperat10n Wlth Nanonal Research lnstitlltions to enlarge the collect10n 

of already 1dent1fied key genera and speC!es such as Centrosema Stylosanthes and 

others 

As consequence of these actlVIties IIDtiated over 15 years ago CIA T now holds 

approxunately 22 000 access10ns of tropical legumes Wlth a smaller but s1gmficant 

collectlon of tropical grasses also Th1s collectton !S paralleled by approxunately 4 000 

access10ns of R1uzob1um 

In the penod smce 1986 breedmg actlVIties have been concentrated m three 

mrun areas An !IDponant breedmg proJect 1mtiated m 1981 was completed, rumed at 

mcreasmg seed y¡eld potential of Stylosanthes guzanenru while mruntammg or 

mcreasmg antbracnose res!Stance and plant VIgor and pemstence under grazmg 

Advanced progerues that show the desrred trruts are CIITrently under testmg at vanous 

locations A second !IDponant IIDtiatlve was a senes of srudles on the cross 

compatib1hty between Centrosema speC!es m preparat10n for an evenrual breedmg 

project A number of mterspeC!fic hybnds was obtruned that conmbuted to 1mprove 

our understandmg regardmg mterspecúic compatibilities This 1s essential1f des1rable 

trruts from d1fferent speC!es are to be combmed Nevenheless, a breedmg proJect has 

not been !IDtiated pendmg clearer defirutlon of the potential of tlus genus m dlfferent 

productton enwonments The thrrd and maJor breedmg act1V1ty has been the one 
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already referred to m relatwn to BrachUJTla 

Germplasm screenmg has reqwred a great deal of work auned at developmg 

and adaptmg appropnate methodolowes Most notable m tlus regards lS the work 

related to plant pathology and entomology As md1cated above the mam obJecuve of 

the Program lS to 1dentúy trop1cal pasture specres that are res!Stant to maJor pests and 

d!Seases In thlS context, a p10neer effort m the 1dentlficatwn and assessment of fungal 

d!Seases of the mam trop1callegume specres was completed Thls has been recogmzed 

as a maJor worldWlde conmbutlon m an area whlch has generally lagged behlnd crop 

pathology Swultaneously progress was made m evaluatmg the mcrdence of sorne 

maJor d1seases and m estabhshmg future research pnontles regardmg a deeper 

understandmg of the1r ep1demwlogy Sorne progress has also been made m the 

development of screerung techruques for dlseases such as anthracnose rhlZotocma 

follar bllght and the stem rot nematode 

In the area of vrrology the Centrosema genus appears to have the largest 

number of vrruses four up to the present twe These are all potyvrruses and as such 

are seed transm1tted Tbls then becomes a concem for seed sh1pments and the 

consequent quarantme wphcatlons Nevertheless good ant!Sera have been developed 

that make efficrent detectlon poss1ble Also vrrus free seed has been produced Only 

one potyvrrus, closely related to the peanut mottled vrrus has been 1dentlfied m 

ArachlS p111to1 An anuserum has been developed, and untll the present tlme 1t lS 

unclear ú the vrrus lS seed transm1tted The recent 1dentlficat1on of a Vln!S m a 

BrachUJTla bnzantha lS an area of concern. and work on 1ts 1dentlficatlon lS m progress 

The most wportant crment grass pest throughout tropical Amenca lS the 

sp1ttlebug (severa! genera and specres mcludmg Anaelom10, Zulw etc) that affects 

among others specres of Brach1ana Screenmg for splttlebug res1stance has 

tradltlonally rehed on natural mfestatlons whlch are generally unpred1ctable and of 

varymg seventy Over the last four years a maJar Program aet1Vlty has been the 
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development of reproductble and rehable methods to assure umform mfestauon of 

germplasm under evaluatlon. The first techmque to overcome the above constramts 

cons1sted of estabhshmg the tested matenals m old pastures of Brachuma decumbens 

that had a hlstory of repeated 1nsect attacks This was a successful development but 

1t IS also hlghly time and labor consunung If contammauon of expenmental matenal 

With control plants IS to be avmded A parallel effort has been carned out to 

artifictally rear the wect m the laboratory and screen house thus assurmg an 

abundant supply of eggs for artifiCial mfestation m the field Successful methods for 

artifiCial rearmg have been developed that make poss1ble harvesting eggs for mass 

field mfestatlon of hundreds of access10ns The mecharucs of successful field 

mfestatlons IS sull bemg researched as there appears to be a large degree of egg 

predauon, at least under sorne ctrC1lmstances The observat10n that sorne res1stant 

access10ns of Brachuma jubata lead to Insect malformauons and death resembhng a 

hormonal diSfunction ongmated a JOmt effort Wlth Comell Uruvers1ty and the B10logy 

Research Urut to 1denufy the respons1ble agent(s) Prehnunary work suggested that an 

ecdysone hke compound may be assocrated Wlth the diSturbance wh1ch nllSes the 

poss1bility of developmg an ant1body that would serve as a rap1d and effictent 

screerung techmque Work m thiS area IS sull m progress 

An IIDportant pest throughout the savannas of tropical Amenca are leaf C11ttlng 

ants They severely affect the establiShment of sorne key grass spectes such as 

Andropogon gayanus and also of crops such as nce Progress has been made m 

understandmg therr ecology ThiS knowledge IS hlghly relevant to agronmruc practlces 

that may dependmg upon the ctrClliDStances destroy ant nests such as time and depth 

of land preparat10n. A number of projects so me of them m cooperation Wlth the Rice 

Program are m progress 

Germplasm screerung m the Program s maJor centers has made s1gruficant 

progress over the last four years 

Work at Carlmagua has led to the release by ICA of Centrosema acutzfollum 
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cv V1chada and of Brachzana dzctyoneura cv Uanero Usmg sliDllar methodolog¡es 

ICA also 1dentúied and later released Brachzana bnzantha cv La Libertad It should 

be noted that numerous Natwnal lnst1tuUons have followed a similar approach to 

ICA s m the sense of usmg the research strateg¡es and methodology of the Program 

to evaluate a vanety of germplasm beyond that provtded by CIAT thus leadmg to the 

Identúicauon and later release of a number of pasture culuvars A full hst of released 

culuvars IS mcluded m the report 

At Canmagiia, evaluatwns of Category II germplasm have Identified over the 

last 4 years a number of promiSmg new legiime genera and specres most of them 

agronomically httle known H1ghly prom1smg accesswns appear to eXISt m spec1es such 

as Calopogonzum mucunozdes Cratylza argentea, Dzoclea guzanenslS Centrosema 

rotundzfolzum and Desmodzum velutmum among others The best accesswns of these 

specres will be mcluded m small plot, grazed tnals (Category ill) to determine 

palatabihty pemstence and compatibihty wzth grasses m nnxtures The above hsted 

legiiffieS mclude a wzde range of specres and hab1ts wzth very different potentlal uses 

On gomg expenments m Category m mclude multilocational trials estabhshed 

m vanous countrles and envtronments to select naturally persiStent matenals of 

Centrosema spp the evaluauon of a woody legilffie Flemzngza macrophylla assocrated 

With two specres of Brachzana and the study of hlghly promiSmg accesswns of 

Brachzana bnzantha and of Panzcum mawnum prevtously selected for therr adaptatlon 

to acrd smls m assocration With Centrosema acutlfol!U111 From the above bnef hsung 

of acUvtUes It should be obvtous that a totally new generatwn of legiiffies and grasses 

has reached an mtermed1ate stage of evaluauon. 

Work at Pucallpa (Humid Trop1cs) started m 1986 has led to the evaluauon of 

apprOJamately 800 legiiffie accesswns and 250 grass accesswns A similar number 

apphes to work m Costa Rica. 
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Ongomg work at both the HuiDld Trop1cs center of Pucallpa and that for 

Central Amenca, located m three s1tes of Costa Rica, have confirmed the W!despread 

potenual of two key legumes for margmally better smls These are Centrosema 

macrocarpum and Arachzs pmt01 In the former case a large number of access10ns 

appear to be equally proiDlsmg so that m both locauons a phys1cal IDlXture of 

access10ns will be promoted to grazrng tnals and for on farro testmg by collaborators 

m the vanous countnes The marn ISsue to be resolved m the case of C macrocarpum 

IS Its persiStence under grazmg Closely lrnked to t.hls ISSue lS the potentlal role of that 

legume m more mtens1ve produCtlon systems such as dual purpose systems 

The Wldespread adaptatlon of Arachzs pmtoz to the wetter enVIronments of 

tropical Amenca has now been amply confirmed Tnals at Pucallpa, Carimagua ( on 

heavy so!ls) the Andean Pledmont, and at vanous s1tes m Costa R1ca leave no doubt 

regardmg Its long term pers1stence under severe grazrng pressure and Its compatlbility 

Wlth aggress1ve grasses such as Brachzana spp and Cynodon spp In fact, the remarnmg 

ISsue m grazed pastures based on t.hls legume lS management praCtlces that favor the 

grass, rather than the legume PreCisely t.hls aggress1veness lS what makesArachzs such 

an attractive legume for cover crops under a vanety of perenmal tree crops mcludmg 

coffee and rubber where It very effect1vely smothers weeds An mtngumg poss1bility 

that needs more stud1es lS the prospect that sorne access10ns may even be adapted to 

the harsher and dner Cerrado enVIronment, as a recent tnal see1ns to suggest 

lt lS now abundantly clear that Arachzs pmtoz 1s a h1ghly proiDlsmg legume but 

unfortunately the genetlc vanability that eX!sts m the present colleCtlon lS extremely 

limlted The Program has 1dentified enlargmg the colleCtlon of t.hls and related 

speCies as a top pnonty Indeed, an IIDtlal colleCtlon tnp JOmtly orgamzed With 

EMBRAPAs CENARGEN was undertaken m 1991m parts of the States of Mmas 

Gerrus and Babia. Other collect10n tnps are presently bemg orgamzed 

A large vanety of woody legumes 1s bemg evaluated for the HuiDld Trop1cs 
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Wlth a vtew towards therr potentlal role m agroforestry Large genetlc vanability eXIsts 

m the collectlon of speCles such as Flemmg¡a spp Tadehagl spp Cratylw argentea, 

Codanocalyx gyrouies, Desmod1um velutmum and Ca]anus caJlln It IS currently 

estnnated that very good adaptat10n to extremely aCld and mfertJle smls IS avaJlable 

A yet unresolved ISsue 1s the nutnt10nal qual1ty of these speCles smce there 1s evtdence 

for the presence of antlquahty factors mamly polyphenols Nevertheless there IS also 

prehmmary evtdence that at least m sorne of these speCles there IS geneuc vanability 

m thiS trrut also 

Lastly s1gruficant progress m Category 11 evaluat10ns lS bemg reahzed m the 

Cerrados after several years of slow advances A number of factors has contnbuted to 

tlns changed scenano mcludmg the mvolvement of a much Wlder range of germplasm 

than m the past, ad¡ustments m evaluat10n methodology and recogmnon of the 

eXIstence of a vanety of envtronmental ruches Wlthm the Cerrado There 1s now httle 

doubt that a Wlde range of legume and grass speCles have substantlal agronmmc 

potenUal for the 'varzeas or lowlands of the Cerrados For the larger and most typ1cal 

Cerrado envrronment, Wlth 1ts very poor soJls prolonged dry season and large dlsease 

potenual (for sorne key legumes) legume speCles such as Calopogomum spp hold 

promiSe A large collectlon of thiS speCles has been assembled and 1s bemg tested 

There IS evtdence of large vanab1hty m adaptatlon, productlVIty and morpholog¡cal 

charactenstlcs Sorne selected access10ns of a number of Stylosanthes spp mcludmg 

progerues of the breedlng pro¡ect referred to earher are equally prom1smg and requ1re 

Wlder tesung throughout that ecosystem Sirmiarly access10ns of Centrosema 

brasllumum appear to deserve Wlder tesung m a vanety of settlngs These 1ntt1auves 

awrut clanficauon of the mecharusms of cooperatlon between EMBRAP A CPAC and 

CIAT that will make 1t poss1ble to proceed to Wldespread testmg of these matenals 

Regardmg grass speCles a number of Pamcum mcmmum and Brach1ana 

bnzantha access10ns have been promoted to advanced categones at both Pucallpa and 

Costa Rica These hlgh qual1ty trop1cal speCles hold speClal prom1se for the more 
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IDtens1ve productton systems enV!saged for those reg10ns and for so!ls of moderate 

acrdlty lt should be recalled that a large Panzcum maxunum collect10n was assembled 

by the Program severa! years ago from a vanety of sources IDcludiDg Orstom, ILCA 

and others 

In the context of the Cerrados a number of Paspalum spp !S beiDg tested that 

appear to have s1gruficant potentlal both for the "varzeas and for the lngh Cerrados 

Out of an !IDtlal set of 250 access10ns 12 have been advanced for further evaluat10n. 

There !S ample eVldence of a Wlde range of d m. y¡elds and, more 1mportantly of 

dlfferences ID regrowth at the onset of the rams Evaluatlon of the large (>450 

access10ns) Brachzana collectton has contiDued at CPAC CNPGC (Campo Grande) 

EMGOPA and at CEPIAC Bah1a A small number of access10ns approXlmately 16 

have been preselected for res!Stance to sp1ttlebug and agronmruc attnbutes 

Pasture management and utlhzat!On 

Dunng the penod under reVlew the research actlV!tles grouped under the above 

utle have gradually evolved from mostly empmcal stud1es to a more balanced IDlX of 

both empmcal and mechamstlc studles 

Orthodox grazmg expenments have conunued at all rnaJOr screerung s1tes The 

most excrtiDg results from the Cerrados refer to the long term pers!Stence of selected 

grass legume assocrat10ns accomparued by very btgh we1ght gams IDcludmg acceptable 

ammal performance dunng the long dry season. An expenment IIDtlated m 1987 

based on Andropogon gayanus and a ID!Xture of Stylosanthes spp contmues to 

demonstrate the key role of grazmg management m determliDng an1mal performance 

and pasture pers!Stence and stab1hty After four years under grazmg the pasture 

mamtains a legume content of 25-40% ID a range of grazmg systems whde other 

systems have led to drastlc declines m legume percentage Legume based treatments 

have been able to mamtam the arumal s we1ght throughout the dry season, whereas 

an1mals on pure grass pastures suffered severe we1ght loss As consequence of th1s 
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contmumg expenment, there 1s now sohd eV!dence m support of the feas1b1hty of 

grass legume pastures for the Cerrado 

Nutnuonal stud1es camed out m grazmg expenments at Canmagua have 

defimuvely demonstrated that 1mproved grass specres are deficrent m protem unless 

assocrated Wlth legumes Tlns deficrency leads to lower voluntary mtake and we1ght 

gam On the other hand ammal performance on nauve grasses !S constramed by low 

voluntary mtake of digesuble energy In thlS case the supplementauon of nauve 

savanna Wlth small areas of sown grass legume assocrauons leads to 40-50% mcreases 

m we1ght gam per head At the sarne ume research begun m 1989 1s begmnmg to 

quantüy the 1mpact of system mtens¡ficatwn on the dynam¡cs of nauve plant 

populauons m savanna These are ~mportant studies ¡f 1t 1s antlcrpated that as 

consequence of market forces productlon systerns will be mtenslfied m the savanna 

regwn Wlth the mtroductlon of agnCilltural crops and sown pastures 

Ammal performance on sorne of the newer assocrauons has been very hlgh 

IndiVIdual we1ght gams of 190 kg per year averaged over 4 years m a B dlctyoneura 

Arachu pmtoz pasture far outstnp preVlously reported results for other assocratlons 

Eqwvalent gams per ha have reached an average of 600 kg per year 

The evaluauon of assocrauons for milk producnon 1s an lllltlatlve 1mplemented 

m 1988 Results obtamed m Quil1chao show an mteract10n between an~mal genotype 

and pasture type Cows of medmm milk potenual (8 10 hters per day) demonstrated 

a 20% dlfference m m1lk y¡eld between assOClatlons and pure grass pastures whereas 

that difference was only 13% or less Wlth crossbred cows milkmg 56 kg/day 

A s¡gmficant arnount of methodology has been adapted and developed 

regardmg grazmg expenmentatwn. Tlns has been made available to RIEPT V!a the 

pubhcauon of two manuals Also a workshop on grazmg methodolog¡es was held for 

researchers already actlve m that area Another area of methodolog¡cal development 
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JS that related to quahty evaluanon Tins 1s pamcularly relevant to the screerung of 

woody legume speCles A number of methods for tanmn quantúicauon has been tested 

and 1s bemg apphed to a range of dlfferent speCles 

Begmrung m 1988 the Program begun assembhng a multJdJsclphnary 

team to mvesugate mechanJStlc processes m grazed grass legume pastures With 

emphasJS on nutnent cychng The team JS made up of an ecophys10log¡st a N cychng 

speClaiJSt, a plant nutnuon SClennst, a rummant nutntlorust and a savanna ecolog¡st 

The team, With the further support of a so!l fertlhty SClennst, has 1mplemented a large 

central expenment and a number of satelhte expenments that beg¡n to y¡eld the first 

results Smce these are still h1ghly prelmunary no results are ment10ned m the present 

summary but a detailed analysJS JS mcluded m the mam body of the Annual Report 

In the meanume substantlal progress has been made m understandmg and quant1fymg 

sorne of the mam components assoClated With persJStence and productlVIty of grazed 

systems and sorne of the mteracnons present when annual crops are mcluded m the 

system. Work With a S!IDple N cyclmg model has pomted out the 1mportance of pasture 

htter m recyhng that element Fleld work has demonstrated the eXIstence of large 

dlfferences m htter decompos1Uon rate between legume speCles whereas httle 

d1fference eXISts between the grass speCles stud1ed so far It has also been 

demonstrated that at least under sorne soil condlnons (hght texture soils) a s1gruficant 

N transfer to the assoCiated grass occurs much earher than antiCipated and m the 

absence of grazmg arumals Studles With stable carbon JSOtopes are beg¡nrung to 

quantúy the extent and rate of contnbut10n of C3 legumes to s01! orgaruc matter m a 

number of dlfferent pasrure assOClatlons 

The contrasnng strateg¡es developed by a Wide range of legume and grass 

speCles adapted to aCld soils JS bemg exammed m relat10n to soil texture and at 

contrasung levels of fertil1ty It JS now obVIous that a number of well adapted speCles 

preferennally part1t1on the products of photosynthes1s towards underground b10mass 

when soils are of very low fert1hty Also adapted legumes are much more effiClent m 
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P uptake than grasses desptte lower root bwmass Tlns phenomenon 1s partly 

assoaated Wlth nucorrh!Zal mfectlon and Wlth the presence of aad phosphatase In thts 

respect, 1t ts mterestmg to note that phosphatase acttVlty decreases markedly m 

grasses at htgher levels of feruhty but 1t lS retamed by legumes The 1mphcauon 1s that 

edaphically adapted legumes do not show a typtcally adaptlve response to sml fertJhty 

By mamtammg high phosphatase actlVlty they mamtam htgh levels of P uptake less 

root bwmass and pamuon more of the dry matter to shoots 

Regardmg plant growth rates and populauon dynanucs under grazmg, a number 

of theorettcal relattonships between leaf area, growth and other parameters were 

developed at the begmnmg of the penod under rev¡ew Ongomg field expenments 

have proVlded a wealth of data. Despite the mherent vanabthty of field data, good 

progress has been made m fitung data to the theoreucal models wtth a number of 

grass legume assoaauons which will serve to test hypotheses regardmg plant dynanucs 

under a vanety of enVlronmental and management scenanos and therr physwlog¡cal 

responses 

Pasture based product10n systems 

The Program has a small team of saenttsts that deal Wlth the use of 1mproved 

pastures m both eXISUng and m conceptual productlon systems 

Econonuc studtes have conunued to doCIIIDent the 1mportance ofbeef and nulk 

m the dtet of even the poorest segments of Laun Amencan populattons These results 

once agam reaffirm the relevance of tropical pasture research m the contment Further 

studtes have addressed the soaal benefits to be expected from mvestments m this type 

of research and have concluded that they may have been sigruficant undennvestment 

m pasture research m the reg¡on as a whole Those results denved from general 

econonuc studies have been recently further supported by exanunmg the costs 

assoaated Wlth the release of new tropical pasture Cllluvars m RIEPT m relatton to 

expected benefits accrued from the mcremental product10n of beef and nulk These 
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JSsues were bnefly referred to m the mtroducuon to the present summary 

MlcroeconOJruc analyses of pasture performance m a fanmng systems context 

have been camed out for a vanety of setungs In general and regardless of the 

country considered these stud1es demonstrate the econonuc attractlveness of improved 

pastures m relatlvely more mtens1ve systems such as dual purpose producuon systems 

Investments m sown grass legume pastures become even more profitable lf a crop can 

be used to estabhsh them or to renew old degraded pastures In th1s context, the Rtce 

and Tropical Pastures Program begun m 1988 a JOmt proJect to determme the 

feasibllity of undersowmg pastures Wlth nce m the high plams of Colombia. Tius was 

made possible by the development of adapted low mput reqwnng upland nce !mes 

Three consecutlve years of research have clearly demonstrated that th1s approach was 

correct Hlgh nce y¡elds of over 3 metnc tons per hectare have been obtamed even 

when the crop was undersown Wlth farrly aggressive pasture spee1es Followmg 

harvesung, the maJonty of the pastures thus estabhshed were ready for grazmg This 

!IDphes a reducuon m establishment time from about one year when pastures are 

estabhshed by themselves Wlth pasture fertlhzatlon, to about 150 days when they can 

use the residual feltlhzer left by the nce crop Animal performance m these pastures 

JS bemg morutored The results of the two first years under grazmg suggest that they 

can mamtam somewhat h1gher stockmg rates and substantlally lugher md1V1dual we1ght 

gams than SIIDllar pastures estabhshed alone These results also serve to support much 

earher findmgs regardmg the potentlal of sorne of these pasture speC!es to respond to 

lugher fertlhty levels 

A number of on farm lnltlatlves was undertaken dunng the penad 1986 1991 

m cooperaban Wlth Nabonal lnstltutlons The report mcludes mforrnatwn on lnltiatlves 

!IDplemented m a) the plams and the Andean piedmont of Colombia, Wlth ICA and 

vanous development banks and other agents b) the Caquetá Department, m the 

Amazon basm of Colombia, Wlth the local Uruvers1ty ICA, a graz¡ers assoClatlon, a 

number of goverf!IDent instltutlons and NESTLE b) northern Cauca, Colombia, m 
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assocratJ.on wtth CVC, a nongovernment mstJ.tutJ.on (FUNDAEC) a gnwers 

assocratwn and others d) m Guápiles m the Atlannc coast of C Rica, wtth CATIE 

and the Mlmstry of AgnCIIlture e) m Pucallpa, wtth IVITA, f) m Silvarua, Gmas 

Brazll, wtth EMBRAP A CP AC Also a bnef mentJ.on JS made regardmg other 

untJ.atlves of lesser unportance 

On farm work m the plams of Colombia has the longest traditJ.on m the 

Program. Havmg begun wtth the &m of testmg the bweconom1c performance of grass 

legume pastures m a reduced number of ranches 1t gradually evolved to support a 

Carunagua lD.ltlatlve unplemented m 1986 to proV!de techmcal support to graz~ers 

mterested m the new pastures In 1988 ICA mstltutlonahzed the proJect wtth the 

creatJ.on of an office (CRECED) m Puerto Lopez charged wtth technology transfer 

The Program lD.ltJ.ally proVlded strong support m tr&nmg and m field actJ.Vltles 

mvolv¡ng both the development of seed supphes and on farm pasture establishment 

and management. Over the penod 1988 1991 these act!VltJ.es were gradually and 

successfully transferred almost totally to the CRECED The conttnued expanswn of 

these actJ.VltJ.es has made 1t dlffiCIIlt to aCCllfately assess the unpact on the reg¡on, but 

1t JS esumated that the project has proVlded techmcal support and seeds for the 

establishment of approxunately 20 000 has of sown pastures wtth grass legume 

assOC1atlons representlng about 50% of that total The actJ.VltJ.es regarding seed 

multlphcatJ.on have had an equally great unpact, leadmg to the emergence of new seed 

producers mcludmg both establJShed pnvate firms, mdiVldual graz1ers and new 

mstJ.tutJ.ons that became heavily mvolved m that effort. 

A sliDllar lD.ltlatlve although of less magrutude was unplemented m the hUIDld 

trop1cs of Peru, around the crty of Pucallpa On farm testlng of grass legume pastures 

wtth small resource poor settlers was begun m 1987 A parallel effort was made 

regardmg seed multlphcatlon, g¡ven the total absence of an estabhshed seed market 

and of seed producers On farm testlng has demonstrated s1gruficant d1fferences m 

mi1k producnon by dual purpose cows between grass legume assoc~atlon and the 
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correspondmg pure grass controls On average dtfferences of about 13% m favor of 

the assoClatlons were found The magrutude of these dtfferences 1s closely comparable 

to those found on statton at Qwhchao Colomb1a, for ammals of slmllar mean IIUlk 

y¡eld An tmportant outcome of thlS proJect was the s1gruficant but unant1e1pated effect 

of fue management, as practlced by settlers on the botarucal compos1t1on of the 

pastures used Expectmg large between and Wlthm farm vanablhty a cocktail of 

prorrusmg legumes was used m estabhshmg the pastures It was subsequently found 

that S guUlllenslS cv Pucallpa was able to SUTVlve and pers1st well when subjected to 

yearly burns whereas other legumes decreased markedly In those cases where 

pastures were not burnt, other legumes notably D ovaJ¡fol¡um have made a more 

tmportant contnbutton These results support the use of rruxtures of legumes rather 

than the use of a smgle spee1es Act1vtt1es regardmg seed multtphcatwn were successful 

m developmg an expanded supply creatmg what lS stlll only a nascent market, and m 

1denttfymg and promottng new producers There 1s evtdence that Nattonal lnstttutlons 

supported by an outs1de donar Wlll be able to take over both the on farm testmg and 

seed muluphcatton rruuattves m the very near future 

Evolymg Qp_portumties 

Desp1te an essenually Latm Amencan mandate the Program has gamed 

worldwlde recogruuon for 1ts efforts m developmg grass and legume germplasm for 

aCld smls Based on the behef that selected matenals may have a Wlde range of 

adaptatlon, and that the methodologies developed and adapted dunng the evaluatwn 

process have Wldespread apphcab1hty the Program antlClpated the evolutwn from a 

regional to a global mandate Thus m 1989 a modest networkmg effort was 

undertaken m West, subhurrud Afrlca Wlth the support of IEMVT and m cooperatwn 

Wlth ILCA. Along s1rrular hnes m 1989 Natwnal lnstitutwns from SlX South East As1a 

countnes agreed to create a regional network. In 1991 and thanks to the finanClal 

support of AIDAB the first steps to tmplement tblS network were undertaken m 

cooperatlon Wlth CSIRO 
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The Program also successfully antlcrpated the need for forage legumes d1fferent 

from the traditional berbaceous specres Begmnmg approXImately m 1986 a modest 

effort of collectmg woody legume specres m acrd smls was begun wbile prunanly 

collectmg other more tradltlonal, specres The cballenge posed by severa! of the most 

promiSmg woody spec1es IS a familiar one to the Program, namely one of defimng 

potenual ruches and uses and of screenmg for quahty m addltwn to adaptaUon and 

forage producuon. Progress along these hnes will be found m the present Report 

' 
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CASSA V A PROGRAM REPORT 1987 1991 

EXECUTIVE SUMMARY 

Tlus report presents the work and achtevements of CIA T's Cassava Program over the penod 
1987 1991 The penod corresponds to one m whtch total world cassava productiOn rose 
from 137 mlihon t m 1986 to 150 null1on t m 1990 a growth rate of 2 3% per annum 

The Cassava Program at CIA T forrns part of a global cassava research and development 
system Togetber wttb tts stster program at the lnternat10nal lnstttute of Troptcal 
Agnculture (liTA) the Program generates baste knowledge on tbe crop and develops 
tmproved component technologtes tratns nattonal cassava researchers and extens10n leaders 
and proVIdes an Important hnk between tnstttuttons m the developmg and developed world 

At headquarters the Cassava Program undertakes strategtc and apphed research of global 
stgruficance The Program ensures tbe mtegratton of tts actiVlttes wttb tbose nattonal 
cassava R&D systerns m the Amencas Asta and wtth liTA m Afnca through regiOnal 
collaborattve prograrns and proJects 

Dunng the penod 1987 1991 tbe number of seruor staff postttons wtthm tbe Program 
mcreased from 9 to 11 These human resources were complemented by sCienttfic personnel 
contracted through a number of speCial projects 

HEADQUARTERS BASED RESEARCH 

Cassava Gennplasm 

Collectton. charactenzatiOn and conservatton The recetpt of cassava germplasm access10ns 
from liT A and from Astan natiOnal programs constttutes the basts for cooperatton m Afrtca 
and Asta. Recent germplasm mtroductiOns from Braztl wtll g¡ve proper representatton to 
one of tbe nchest countnes m terrns of genettc dtverstty A complete morphologtcal and 
biOchenucal charactenzatton of access10ns m the germplasm collectton ts allowtng tbe 
detectton and ehnunatiOn of dupltcates A core collectiOn representtng tbe overall genettc 
dtverstty has been defined and will be avatlable m 1992 for dupltcatton m anotber 
mstttutiOn An rn vztro and field collectton of wtld Manzhot relattves has been truttated 
Sorne of tbe speCies are already mcluded m crossabtbty studtes b10chenucal and molecular 
charactenzatiOn 

Breedmg The ecosystem approach to cassava breedmg has been expanded to mclude 
senuartd areas, where cassava can contnbute to the allevtatton of food shortages As a 
result of a cycltc process of selectiOn and recombmatton over more than ten years a large 
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number of eh te clones for hunud and subhum1d lowland trop1cs and h1ghland trop1cs have 
been JdentiÍled Over the last f!Ve years 15 vaneues denved from CIATs gene pools have 
been released m 9 countnes m Latm Amenca and As1a A w1de range of genet1c dlVerslty 
has been mtroduced to Afnca from CIA T mcreasmg the potenual1mpact of liT A s cassava 
breedmg program on that contment A prom1smg collaborauve effort Wlth Braz1han 
mslltullons to develop cassava germplasm for senuand and subtrop1cal reg10ns of the world 
has been Imllated A part!c!patory research model has been developed m cooperauon w1th 
nat10nal Institut!Ons m Colombia, wh1ch takes mto considerauon farmers entena for 
selectmg and adopllng new cassava vanet1es th1s has contnbuted to the refinement of 
breeder s selecuon entena Prehnunary expenments on seed treatment and gemunauon 
have been undertaken as part of a mull!disciphnary project to explore the development of 
true cassava seed as a producllon alternallve 

Physwlogy 

Water Stress Research on cassava tolerance to prolonged m1d season water stress have 
revealed that certam phys!Oiog¡cal and morphological charactenstlcs are assocmted Wlth 
tolerance to water stress and Wlth y¡eld stab1hty Most notably the abil1ty to rap1dly form 
and mamtam leaf area 1s of paramount 1mportance Second genotyp1c charactensucs 
related to better paruuorung of b10mass between leaf and stem such as h1gh spec1fic leaf 
area and h1gh leaf area rallo may lead to h1gher leaf area mdex wlthout adverse effect on 
root y¡eld Cassava appears to tolerate prolonged drought by restnctmg leaf canopy and top 
growth and by parually closmg 1ts stomata while mamtrurung reasonable C02 uptake rates 
hence reducmg water loss and contmumg to accumulate dry matter mto storage roots 
Moreover cassava IS capable of extractmg deep sml water slowly when avrulable These 
charactenstics are advantageous m drought prone areas such as Sub Saharan Afnca 
Northeast Thruland and Northeast Branl Under dry condit!Ons cassava can produce 
reasonable y¡elds while most other food crops would fail The ab1hty of cassava to surv!Ve 
and produce under prolonged drought of several months 1s based on 1ts h1gh water use 
effiCiency as compared to other food crops Screerung for low HCN content under water 
stress has revealed that genotyp1c d1fferences ex1st Wlth sorne clones mamtammg low HCN 
levels under both wet and stress cond!Uons Mamtammg low HCN under stress 1s of a 
paramount 1mportance when fresh cassava JS used for human consumpuon 

Photosynthes1s Research on cassava photosynthes1s m relauon to crop product!Vlty has 
revealed that cassava s h1gh photosynthet!C potenual underhes 1ts h1gh product!Vlty under 
favorable condillons as well as 1ts tolerance to stressful enVJronments Cassava reqmres h1gh 
amb1ent temperature and h1gh solar radiat10n for opumal leaf development and for the 
expresswn of Its photosynthellc potential The h1gh sensitiVlty of photosynthesiS to 
temperature suggests the need for genotypes more tolerant to low temperatures wh1ch could 
be used m the h1ghland trop1cs and m the subtrop1cs Moreover the poslllve assocmuon of 
photosynthes1s Wlth productlvity suggests that selecuon for h1gh photosynthes1s m parental 
matenals may lead to h1gher y¡eld when combmed Wlth other y1eld detemunants In 
addlllon to h1gh harvest mdex leaf area durauon and number of storage roots are among 
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the most 1mportant y1eld determinants W1de ranges of vanab1hty m these charactenstics 
ex1st among cassava clones wh1ch could be explmted m cassava breedmg programs 

Quahty 

Qyamde The use of the Improved enzymatlc method of cyamde analys1s has resulted m a 
cheaper and more fleXIble assay for th1s Important chemical const1tuent No sigruficant 
correlatlon was found to eXIst between the enzymatlc and p1cnc ac1d methods of cyarude 
determination A pnonty has thus been placed on the development of a new method for 
rap1d cyarude esumatiOn for germplasm screerung purposes Analys1s of sorne wlld Mamhot 
spec1es showed h1gh levels of cyarude m both root and leaf samples 

Starch c;¡pahty In addition to starch and sugar content analyses the methodolog¡es for 
amylose contents microscopic evaluatlon of starch grruns x ray analys1s differential scanrung 
calonmetry Brabender VIscoamylograms and starch solub1hty and swelhng power have all 
been developed either at CIAT or m collaboratmg Colomb1an InstituUons Vanetal 
d1fferences m amylose content (range 16 25%) and functiOnal propert1es have become 
apparent M Col 1522 wh1ch produces h1gh qual1ty sour starch has d1fferent structural 
physical and funct10nal propert1es from the other vaneties so far evaluated 

Eatmg quahty An expert taste panel for eatmg quahty evaluauon Idenufied the 
charactensucs of h1gh qual1ty cassava Cassava taste and hardness (texture) of fresh bolled 
cassava were the two most related to preference whlle no relauonsh1p was found between 
starch properties and eatmg quahty The panel Identified s¡gruficant changes m eatmg 
quahty due to the pre harvest enVIronment 

Effect of pre harvest envuonment on qualn;y Sml fert1hty sigruficantly affected root quahty 
The apphcauon of potassmm reduced cyarude and mcreased dry matter content, wlule 
phosphorus tended to have the oppos1te effect Drought stress affected root dry matter and 
cyarude contents w1th large vanetal d1fferences m response 

BIOtechnology 

Molecular fingeqmntmg Electrophoretic analys1s of Esterase (EST) 1sozymes were 
developed to 1dentify cassava genotypes Recently more powerful DNA based techruques 
for the analysiS of Manzhot geneuc d1vers1ty have been developed Several random 
amphfied polymorphic DNA markers (RAPD) and hte phage M13 probe have been 
effecuve m dlfferenuaung cassava genotypes EST fingerpnntmg of cassava IS now rouune 
actiVIty m the GRU Both EST and DNA fingerprmtmg WIII be useful for genotype 
Idenuficauon to assess germplasm relatedness and gene pool ongm 

In VItro Active Gene Bank CIV AG) and CryopreservatiOn The conservation of cassava 
germplasm under reduced growth conditiOns has been developed m the BRU and recently 
transferred to the GRU The cassava IV AG at CIAT IS probably the largest and most 
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complete for any crop m the world over 4500 accesstons are currently mamtamed Thts 
year conststent recovery of plants from cassava shoot ttps cryopreserved m ltqutd rutrogen 
( 196°C) has been achteved Thts break through opens the way toa long term. gene bank 
storage of cassava 

Genettc tran~formatwn Plant regeneratton ts necessary for a transformatwn system m 
cassava Plant regeneratton through somattc embryogenests on tmmature Jeaves and 
menstem ttps has been developed Usmg a plasrrud construct WJth two selectable markers 
(bar gene and NPT 11 gene) and one reporter maker (gus A gene) the transtent expresswn 
of GUS acttvtty m somattc embryos after bombardment of metalltc parttcles coated WJth the 
plasrrud on early stage embryogeruc callus has been obtamed Thts ts an tmportant first step 
towards a transformatwn system m cassava. 

Molecular mappmg A spectal research project to construct saturated molecular and 
phystcaJ maps of cassava has been truttated Such maps wtll be useful to tag and eventually 
tsolate and clone cassava genes Pst 1 and Hmd 111 genomtc hbranes provtded probes WJth 
the htghest polymorphtsrns Polymorphtsm between a cassava cv and a WJ!d Manzhot sp was 
dramattcaJly htgher than WJtlun vartettes 

The Cassava Bwtechnology Network (CBN) The CBN was founded m a workshop at CIA T 
m September 1988 The general goal of the network ts to contnbute to the solutwn of 
pnonty constramts m cassava productton and uttltzatton whtch have proved recalcttrant to 
the appltcatton of tradtttonaJ methodologtes The CBN has recetved WJde acceptance Thts 
ts shown by the number of projects underway on research constramts and technologtcaJ 
bottlenecks from 5 m 1988 to 22 m 1991 A proposal for fundmg cnttcaJ network acttVIttes 
has been presented to the DGIS the Netherlands The proJect mcludes fundmg for a 
coordmator SC!enttfic and steenng commtttee meettngs trrurung for developmg country 
se~enttsts and bndgmg funds for cnttcal research 

Pathology 

Ettologtcal studtes The followmg unreported pathogens of cassava were charactenzed 
Scytalzdmm sp and Vertzczllzum dahltae Fusanum solaru and F oxysporum were aJso 
reported for the first ttme as cassava root pathogens 

eytdemtologtcal studtes The relatwnshtps between mycorrhtza Phytophthora and floodmg 
Phytophthora tnCidence were mvesttgated 

Control of tmportant cassava dtseases Productmn recommendattons have been formulated 
for the control of cassava bactenaJ bltght (CBB) the Phytophthora/Fusanum root rot 
complex, Dzplodltl root rot and the WJtches broom mycoplasma dtsease whtch cause severe 
eptdeiDlcs m 4 tmportant cassava groWJng areas These recommendattons mtegrate severaJ 
control approaches to reduce bactenaJ or fungaJ mfecttons of planttng matenal and sml and 

IV 



pathogen disserrunatwn The release of two resiStant clones m Brazil With productwn 
recommendatwns has been an outstandmg success 

Bwlogical control Research on novel biological control strategies IS leadmg to the 
development of practica! apphcatwns based on the use of microorgarusniS for the control 
of {ohar pathogens (CBB and the superelongatwn disease) and preharvest or postharvest 
root rots as well as microorgamsniS capable of producmg growth regulators that can 
promote y¡eld productwn Advancers have been made m development of the cultural 
pract1ces wh1ch promote beneficia! microbial residents m d1fferent ecological zones 

EndQpl:¡ytes The existence of unreported potentlally deletenus endophytes m Improved 
clones was demonstrated for the first time This findmg partlally explams y¡eld IOStability 
m most cassava, and opens up a new potentlal for development of control measures 
Sumlarly the Identincation of beneficial endophytes could lead to their use as bwlog¡cal 
control agents plant growth stlmulants and mducers of drought res1stance 

Stake stmage A system for the effective storage of cassava stakes was designed for solvmg 
probleniS of establishment and producuon m areas where thiS agronorruc pracuce IS 
necessary 

MethQd for mterchangmg mdexed vegetatiVe plantmg matenal A new method for the 
mterchange of vuus mdexed vegetatlve plantmg matenal of cassava was developed to assure 
establishment of mtroduced genotypes 

GeQgraphic distnbutwn Qf cassava diseases The geograph1c distnbuuon and areas of 
potent1al nsks have been deterrruned for Phytophthora root rot Fusanum stem and root rot 
the Wltches broom mycoplasma, superelongation disease D1plod1a root rot, and cassava 
bactenal blight, the most 1mportant diseases of cassava m Laun Amenca These were 
obtamed by extrapolaung epiderruology studies surveys and agroecological data bases This 
mformation will assist scientists m planrung research proJects strategies for diSease control 
and quaranune regulations 

Vrrology 

Frogskm (FSD> and Canbbean mQsa1c d1sease (CMD> Progress has been made on the 
Identificatwn of phytoreovmiS hke agents assoCiated With FSD and CMD VmiS hke 
particles and vrroplasm hke bodies have been found m affected plants Nme ds RNA 
segments are cons1stently found m affected plants Hybnd1zatwn stud1es proVIde eVIdence 
that the ds RNAs assoCiated Wlth FSD and CMD are e1ther Identical or closely related The 
whltefly Bem!Sla tuberculata appears to be the vector of these phytoreovuus hke agents A 
cONA probe has been developed to 1dentJfy rapidly the ds RNAs assoCiated With thiS 
disease complex Research on FSD and CMD contmues and IS centered on confirrrung the 
assoCiation of the phytoreovuus hke agents and the complex of d1sease symptoniS 
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Ca~~ava vem mo~mc virus (CCMV) The sequencmg of CCMV IS nearly complete The 
VIrus IS 6400 bases m length and It 1s most closely related to patato virus X (PVX) Most 
of the sequencmg of CCMV was done at the VRU m CIAT and this IS perhaps the first 
plant VIrus to be sequenced m Latm Amenca 

Cassava vem mosaic VIrus IS most prevalent m the northeastern states of Brazii especrally 
m the hot semiand zones where 1t JS not unusual to find more than 50% of the plants 
mfected with CVMV Smce the VIrus JS not present m Colombia, all work on this VIrus h'ld 
to be done m Braz!l A cONA clone to CVMV has been obtamed and this w!ll facrhtate 
efforts at molecular charactenzatwn and the development of rapid diagnostic tests 

Afncan Cassava mosa1c VIrus (ACMV) Afncan cassava mosmc VIrus IS the most destructiVe 
cassava VIrus m the world Efforts are bemg made to find new sources of res1stance through 
the CIA T liT A cooperan ve germplasm exchange prOJect The JdentJficatwn of ACMV 
resistant germplasm adapted to tropical Amenca w!ll be a safeguard agamst the poss1ble 
establishment of ACMV m this henusphere 

Other VIruses Bes1de the maJar d1seases there are seven other known VIruses that mfect 
cassava most of wh1ch are syrnpton!less VIruses that are not known to cause dJSease 
Diagnostic methods are avaliable at CIAT to the four viruses that cause d1sease and to the 
three syrnptonliess VIruses found m Latm Amenca These diagnostJc methods help assure 
the safe movement of cassava germplasm and research WIII contmue to develop more 
seDSitive detection methods 

The control of vrral diseases reqUJres e1ther the Jdentificatwn of res1stant germplasm or the 
lmplementation of Cllltural practices that nuugate losses Most vrral dJSeases are 
controllable WJth Cllrrent technology and conunued development of rap1d d~agnost1c 
techmques together With the deployment of res1stant germplasm should further reduce the 
losses caused by VIruses 

Entomology and Acarology 

Host plant res1stance Sources of host plant res1stance to nutes mealybugs whitefhes thnps 
and lacebugs have been 1denufied and part1ally charactenzed for nutes and thnps Cassava 
hybnds WJth res1stance to nutes mealybugs whltefhes and thnps have been developed and 
severa! have been released by natwnal programs 

eassava mealybugs The geograph1cal distnbutJon of the most 1mportant spec1es of cassava 
mealybugs has been deternuned Their key natural enenues have been IdentJfied Severa) 
specres of paras1tes and predators have been evaluated m the laboratory and field for the1r 
potentlal as bwlog1cal control agents leadmg to the mtroductJon and release m Colombia 
of the paras1te Aenasrus near vexans d1scovered m Venezuela Severa! spec1es of natural 
enenues ha ve been sent to liT A m Afnca for evaluatJon and release agamst the mtroduced 
pest, Phenacoccus manrhotl 
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Cassava hornworm Effecuve bwlog1cal control of the cassava hornworm, a IIDgratory 
lep1dopteran wh1ch causes severe defohatwn 1s based on a hornworm speclfic baculoVIrus 
The tiiiDng apphcatwn frequency and opumal concentratlon of virus prepared from field 
collected d1seased hornworms have been determmed and methods for storage of the virus 
have been developed Apphcatwn of the VIrus dunng the Imtial stages of a hornworm 
attack when hornworm larvae are most susceptible results m better than 95% control 

Cassava wh1tefhes Because of recent mcreases m d1rect crop damage due to cassava wh1te 
fhes and m the1r potential1mportance and 1mpact as vectors of VIrus d1seases h1gher pnonty 
has been g¡ven to research on whiteflies Hlgh levels of res1stance have been 1dent1fied and 
mcorporated mto h1gh y¡eldmg hybnds Several specres of natural eneiiDes have been 
1dentified and are bemg stud1ed 

Burrowmg bugs CheiiDcal control of burrowmg bugs wh1ch attack cassava roots IS feas1ble 
but reqwres the use of h1ghly tox1c pest1c1des Ecolog¡cally sound alternatiVes based on 
cultural practices are bemg sought Intercroppmg of cassava w1th crotalana reduces pest 
damage through allelopathy but has not been adopted by farmers Commercrally acceptable 
cultural control systerns based on allelopathy are bemg sought The potential of 
entomophagous nematodes for bwlog¡cal control of the burrowmg bugs IS under study and 
prehiiDnary results have been positlve 

True cassava seed and dned cassava Research efforts on potential arthropod pests of true 
cassava seed WIId Manzhotl spec1es and of dned stored cassava have been nuuated 

Cassaya green m1te CIATs contnbutwn to bwlog1cal control of the Cassava Green M1te 
(CGM) m the Amencas and Afnca mcludes 1) extensiVe surveys for natural eneiiDes m 
Colombia, Venezuela and Ecuador and smaller scale surveys m Northeast Brazil Tnmdad 
& Tobago Guyana, Pero Paraguay MeXIco Cuba, Panama and Nicaragua 2) development 
of culture packmg and sruppmg methods for natural eneiiDes 3) ecolog¡cal and bwlog¡cal 
charactenzation of predatory IIDtes coleopteran predators and the fungal pathogen, 
Neozygztes sp and 4) est1matwn of field 1mpact of natural eneiiDes As a consequence of 
the research conducted on behalf of liT A, CIAT charactenzed the bwlog¡cal and ecolog¡cal 
nature of the CGM problem Identified by EMBRAPA m Northeast Braz1l and developed 
a strategy for CGM management as part of an mtegrated crop protection effort 

Croppmg Systems 

Cassava ma1ze mtercroppmg The evaluation of newly released mruze vaneties for 
performance m assocration With cassava md1cates that env1ronmental conditiOns durmg 
mruze development and the agronoiiDc management of the mruze are key factors 
determnung the y¡eld of cassava m the North Coast of Colombia Land use IS more effic1ent 
when mruze and cassava are planted together than when e1ther IS planted alone Cassava 
y¡elds sigruflcantly more m associatiOn With 1mproved than traditlonal ma1ze var1eues 
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thereby mcreasmg Jand use effic1ency further In less favorable envtronments y1elds of 
cassava m assocmuon w1th ma1ze were s¡gmficantly Jower than m monoculture 

Improved ma1ze vanehes allocate more dry matter to the graiD than trad!Uonal vaneues 
Total nutnent removal m 1mproved ma1ze 1s greater than m trad1t10nal vanetles As new 
vaneues replace trad1t10nal ma1ze nutnent balance Wlthm the farro wlll be d1fferent, smce 
more nutnents wlll be exported from the system Uriless sml fertllity 1s mamtamed by 
lengthenmg fallow penods or by other means y¡elds WIIJ dechne Ma1ze type dtd not 
mfluence uptake of nutnents by cassava 

Smce the restorat10n of nutnents to the farro !S VItal for the sustamab1hty of the 
cassavafmruze assocmhon, chermcal fert¡hzauon 1s a poss1ble short term solut10n m sorne 
reg10ns In tnals w1th Jow Jevels of feruhzauon 1mproved mmze y¡elded slgmficantly more 
than tradluonal ma!Ze Cassava y¡elds were not affected by the leve! of ferUhzauon apphed 
to mruze the highest margmal return ID mtercropped cassava/ma!Ze was obtamed Wlth low 
levels of fertil¡zatlon 

Cassava-cowvea mtercroppmg The cassavafcowpea assocmt10n 1s unportant mareas Wlth 
prolonged dry seasons Y1elds of mtercropped cowpea are often s1rmlar to y¡elds obtruned 
m monoculture however cassava y1elds are negauvely affected by cowpea compeuuon, 
particularly ¡f enVlronmental condltlons favor the early development of cowpea More 
Vlgorous cassava clones are less affected by cowpea compeuuon 

Pre product10n tnals Farrmng mvolves a yearly sequence of events begmmng befare the 
onset of plantmg and endmg Wlth post harvest actlVltles Testmg of new product10n 
pracuces should be done m th!S context partlcularly smce the adopt10n of any technology 
component depends strongly on the mteract10n between new and eXlsUng technology and 
labor requrrements part!cularly dunng peak demand penods Improved technology for the 
cassava/mruze assocmt10n was tested by farmers over two years on a total of 76 plots 
Mruze y¡elds Wlth 1mproved technology were supenor and cassava y¡elds were equal or 
supenor to those obtamed Wlth tradttlonal technology Hand labor reqmrements of the 
1mproved and trad1tlonal technology were s1rmlar Total product10n costs of the unproved 
technology were 8% above those of the trad1t1onal technology 

Plant nutr1tlon and sml ferhhty 

Manªgement of low fertl11ty smls Research on plant nutntlon and sml fertll1ty management 
m relauon to cassava produCUVlty have revealed that cassava !S tolerant to low feruhty soil 
proV!ded that soil orgamc matter 1s h1gh Conunuous culuvat!On of cassava for several years 
ID aad soiis h1gh m orgamc matter d1d not result m large declines m y¡eld m absence of 
phosphorus and mtrogen fertthzer On the other hand large y¡eld responses to potassiUm 
fert111Zer were notable m these soils The removal of large amounts of potassmm m the 
harvestable roots Jeads to gradual depleuon of tb1s element To sustam productlVlty 
moderate amount of potassmm feruhzer should be used Where cassava 1s produced m 
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sandy smls low m orgaruc matter and m the absence of a fallow system modera te levels of 
NPK fertthzer are reqmred to sustam producttvtty Yteld response to NPK fertihzer was 
notable m these smls Alternat!Vely cassava produchvtty could be mcreased by apphcatton 
of surface plant mulch m poor sandy sotls Mulch apphcat10n appears to be benefictal m 
tmprovmg the cherrucal and phystcal properues of the sotl Moreover mulch can allevmte 
water stress by reducmg water evaporation from the surface sml exposed to htgh 
temperature Reductng evaporatton ts tmportant smce these sandy sotls are charactenzed 
by a low water retentJOn capactty Another advantage of mulchmg ts the large reduction m 
HCN content of cassava roots m the absence of fertthzer apphcatwn 

Adaptatwn to low phosphorus sml Screerung cassava germplasm for adaptahon to low 
phosphorus sotls mdtcated a wtde range of adaptatlon among the tested matenals Severa! 
vartettes well adapted to low P sotls were tdenhfied mcludmg land races as well as advanced 
breedmg hnes Most notably the two CIAT clones CM 523 7 and CG 2177 2 recently 
released as commerctal vanettes for los Uanos Onentales of Colombta were among the 
htghly adapted hnes to low P smls Research on mechamsms underlymg vanetal response 
to P suggested that vanetal dtfferences were not closely related to P uptake On the other 
hand m terna! use of absorbed phosphorus growth habtt and patterns of bwmass allocatiOn 
to tops and roots are more tmportant Vanettes that parttttoned more dry matter to roots 
as compared to top growth had htgher P use efftctency m terms of yteld gatns It appears 
that adaptatlon to low P smls could be enhanced by selectJOn for both htgh fibrous root 
length denstty and htgh storage roots smk capac1ty 

Sotl conservatmn 

Control of sotl eroston Research on sml conservatton m cassava based croppmg systems 
on htllSides mdtcated a htgh leve! of sml eros10n. Annual sotl losses from bare sotls 
exceeded 100 t of dry sotlfha. Smce cassava plantmg usually comctdes wtth penods of 
mtense ramfall, sotl loss from steep lands mtght exceed the tolerable levels unless the sotls 
were appropnately managed Severa! croppmg systems and cultural practices were tested 
m relauon to sotl eroston and crop productiVIty Growtng cassava m contour ndges or m 
combmahon wtth hve grass barners greatly reduced sotl eroswn whtle mamtatrung cassava 
productiVIty as compared to tradit!onal pracuce On the other hand growmg cassava m 
down slope ndges resulted m htgh Jevels of sml losses and more runoff than any other 
practtces Growtng cassava m assocmt1on wtth forage legumes was effecttve m reductng sml 
loss but cassava productiVIty vaned wtth the degree of legume compeuhon Reductton m 
cassava y¡eld ranged from 10 to 40% dependmg on the Jegume used and on the mtensity of 
the Jegume cover The potenttal of cassavajforage legume systems m controlhng sml 
eros10n and m mamtrumng producttVIty reqmres further mvesttgatiOn takmg mto account 
both the sbort and long term consequences 
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Process and product development 

Methodology A 4 stage methodology for cassava process and product development 
compnsmg •dentJficatwn of opportumtJes lab and prototype research p1lot scale testmg and 
commerc1al expanswn has been developed m collaboratwn With natwnal mstltutJons 

Dned cassava for ammal feed The commerc~al expans10n of dry cassava ch1p productJon, 
mtroduced by CIA T m collaborat10n With the Integrated Rural Development Fund on 
Colombia s Atlanuc Coast 1s now self rebant and autonomous Feedback from th1s proJect 
has resulted m research on 1mprovements m drymg effiClency and product quabty The 
producuon of cassava based ch1cken feed ratwns was found to be a Viable optwn at the level 
of small farrner cooperat!Ves 

Fresh cassava conservat10n P1lot scale testmg m the c1ty of Barranqmlla Colombia has 
demonstrated the techmcal and econormc feas1b!bty of the fresh cassava storage technology 
developed by CIAT and NRI Problerns With urban d1stnbuuon have frustrated large scale 
adoptJon ofthe storage technology However pnvate entrepreneurs are now acuvely takmg 
on d1stnbuuon functJons and supplymg supermarkets restaurants and small shops The 
storage technology 1s bemg successfully used commeTClally by a cooperauve m Santander 
department Colombia and pilot testmg has been successful m Paraguay 

Cassava flour The pilot stage of a proJect to develop h1gh quabty flour for human 
consumpuon 1s currently bemg executed Market stud1es mcludmg mdustnal tnals of the 
flour have demonstrated that cassava flour WIII have both pnce and quabty advantages over 
wheat flour m sorne market segments (e g cookies and processed meats) A potentJal 
market of over 20 000 t/yr m Colombia was estJrnated The pilot processmg plant currently 
under evaluauon 1s operated by a small farmer cooperatJve and employs artifiCial drymg of 
ch1ps produced from washed roots The h1gh quabty ch1ps are rmlled at a wheat flour rmll 
With converswn rates of chips to flour of 90% Current mformauon suggests that the proJect 
lS econormcally feas1ble m Colombia, and that the rate of retlim 1s rmproved ¡f m plant 
rmllmg lS adopted A small scale prototype rmll has been des1gned wh1ch WIII perrmt m 
plant productJon of flour 

Cassava starch A CIRAD/CEEMAT CIAT research program on cassava starch started m 
1989 focusmg pnmanly on sour or fermented starch Evaluatlon of eXlstlng tradlt1onal small 
scale productJon umts m Colombia 1denufied areas for process 1mprovement to mcrease 
effic1ency and rmprove product quabty Two pilot plants mcorporaung process 
1mprovements are now under evaluatwn The charactenstlc expanswn power of sour 
starch as measured by speC!fic volume correlated s•gmficantly With orgamc ac1d contents and 
certam V!Scoamylogram charactenstlcs The natural fermentatwn process has been found 
to be predormnantly lactlc With C02 and lactlc ac1d productwn and amylolyt1c enzyme 
acuon plttlng starch grruns M8Ximum VISCOSity of sour starch !S lower than that of raw 
starch and gellmg ab1hty IS reduced 
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REGIONAL COLLABORATION 

Tropical Amenca 

Many countnes m tropical Amenca have become aware of the 1mportant role that cassava 
can play m proV!dmg a veh¡cle for mcome and employment generat10n m the rural sector 
consequently the last five years has seen a resurgence of mterest m cassava act!VItles In 
add!Uon to d1rect collaboratlon With natlonal research programs participatwn m mulu 
¡nstJtutwnal mtegrated cassava research and development proJeCts m several countnes has 
formed the bas1s of the Cassava Program s actiV!tles m the regwn, With pnonty placed on 
Colombia, Brazil Ecuador and Paraguay These proJects a1m to hnk cassava farmers w1th 
expandmg markets through the mtroductlon of novel or 1mproved cassava processmg 
altematlves thus proV!dmg mcenuves for farmers to mcrease productwn 

Emphas1s m trammg dunng the penod has been on the support of m country courses With 
fewer CIAT based productlon and utihzauon courses Trammg at CIAT has mcreasmgly 
focused on diSCiplmary m semce speciahzatwn Networks both spec1ahzed and sub reg¡onal 
m nature have been consohdated or estabhshed these mclude the Panamencan Cassava 
Breeders Network, an Integrated Cassava ProJects Network, a Cassava Uuhzatwn Research 
Network and a network for Cassava Development m the Southem Cone countnes These 
networks plays a key role m defirutJon of regional research pnonues and Idenuficauon of 
opporturutles for honzontal collaborauon 

Colombia 

As CIAT's host country Colombia plays an 1mportant role m proVIdmg sJtuauons for the 
tesung and adaptatlon of component technolog¡es and partlcipatory research and technology 
transfer methodolog¡es As such Jt proV!ded the s1te for the first mtegrated cassava project 
Jrutlated m 1981 on the Atlanuc Coast Rap1d and dynanuc growth of both farmer 
cooperat1ve and pnvate cassava drymg plants has occurred over the last two years There 
are now over one hundred plants located on the Atlanuc Coast and expans10n of the cassava 
drymg technology to other areas of the country has been ach1eved through a JOIDt Nauonal 
Rehabilltatwn Plan/CIA T project The natwnal product10n of dry cassava JS now esumated 
at 25000 t With benefits accrumg to over 5000 fanuhes The mcreased market for cassava 
has sumulated demand from farmers for 1mproved cassava productwn technolog¡es 

A study on the adopuon of cassava productwn technology components m the Atlanuc Coast 
of Colombia was undertaken m 1991 Prehnunary results of a sub-sample of the data shows 
that 

a Cassava vaneues Venezolana (M Col 2215) and VerdeCita (M Col 1505) have been 
adopted by 91% and 5% of cassava farmers respectiVely Together they cover 44 000 ha 
m the three pnnCipal cassava producmg departments of Colombia 
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a Stake treatment and storage technolog1es have been adopted by 10% and 71% 
respecuvely Plantmg dens1ty and weed control technolog1es have been adopted by 60% 
and 53% respectlVely 

a Technology adopt10n has been the pnnc1pal factor for cassava y1eld mcreases Smce 1982 
cassava y1elds (cassavafmalze mtercrop) mcreased by 52% 56% and 76% m the 
departments of Bohvar Sucre and Cordoba respecuvely 

a Cassava area has mcreased s¡gruficantly as a reactwn to 1mproved pnces and demand 
Cassava farmers have mcreased area planted to cassava decreased fallow area and penod 
and 95% of farmers are harvesung the same area as planted rather than leavmg cassava 
m the ground untll markets 1mprove 

a As a reactlon to 1mproved cassava pnces and overall demand cassava farmers have 
decreased on farm cassava consumptwn (as share of total product10n) by sorne 50% smce 
1982 Sales to drymg plants currently const1tute 22% of total cassava produc!J.on. 

a Overall 71% of cassava farmers have adopted at least one produchon technology 
componen! and 80% responded that they bave mcreased thmr mcomes as a result of 
1mproved technology and the mcreased demand and 1mproved market 

The data clearly show that cassava drymg plants have served as an effectlve veh1cle for 
cassava technology d1ffus10n 

Ecuador 

The Ecuador mtegrated cassava proJect operates pnmanly m two coastal provmces, Manabi 
and Esmeraldas The goal of the project lS to umte and mtegrate the efforts of local, 
natlonal and mternatwnal agncultural development mstltutwns engaged m research 
extenswn and educatlon m order to 1denufy cassava productwn, processmg and uuhzatwn 
technolog1es appropnate for low resource cassava farmers 

Current proJect benefiClanes are 18 farmer assoc1at10ns (APPYs) Wlth 350 members m 
Manab~ and 5 Wlth 60 members m Esmeraldas Among the APPYs four bave ai1 women 
members e1ght bave only men and eleven have JIDXed memberslup The women s APPYs 
produce cassava starch exclus1vely while the men s and JIDXed assoc1at10ns produce cassava 
cb1ps wlucb are IDJlled mto vanous flour products The APPYs m each provmce are 
organiZed mto umons (UAPPYs) wh1ch are respons1ble for prov1dmg the assoClatlons Wlth 
cred1t tra1mng and techrucal ass1stance and handle the marketmg of processed cassava 
products 

Total output from the UAPPY Manabi mcreased markedly from 50 t of cassava flour 
dunng the IIDtlal year of the proJect (85 86) to 1 346 t of flour and 104 t of starch dunng the 
90 91 processmg year 
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Research conducted Withm the proJect untll 1989 was pnmanly focused on adaptmg cassava 
processmg technology from the Atlantlc Coast of Colomb1a to the agroecolog1cal and soc1al 
cond1t10ns of Manab~ and Esmeraldas In 1989 an unexpected downturn m the demand 
for cassava flour as the agglutmant for makmg shnmp feed pellets caused a dramatlc sh1ft 
m the cassava program Fanner processors demanded asststance m Identtfymg new markets 
for theu eXIstmg products technology for producmg new products and methods to 1mprove 
processmg quahty An mtensJVe market dJVerslflcatwn effort was therefore 1rut1ated Today 
the pnmary markets for the UAPPYs products mclude cardboard box faetones plywood 
mtlls and food mdustnes as well as the shnmp feed mdustry 

Fanners now aware of the need for better fresh cassava quahty are demandmg new 
vanetles With h1gher dry matter tmproved drought tolerance and earhness The fust new 
vanety meetmg these reqmrements M Col2215 mtroduced through CIAT m 1987 WIII be 
released by INIAP th1s year 

Countnes hke Ecuador where farmers are demandmg 1mproved productlon and processmg 
technology and there 15 no smgle tnstltutwn With post harvest research capab1hty reqmre 
new mecharusms for conductmg research The formatlon of mult1 Instltutwn and 
mterdiscrphnary teams With the aCtive part1c1patlon of tramed UAPPY para techrucJans IS 
provmg to be an effiCient alternatlve approach wh1ch ensures the contmuous mvolvement 
of farmer users m the research process 

Braz1I 

Followmg mtensive contacts With Brazihan research and extenswn agenCies through trammg 
events and study tours m Colombia and Ecuador an mtegrated cassava development project 
was IrntJated m the State of Ceará m 1989 The proJect wh1ch 1s executed by the Ceará 
State Cassava Comrmttee (CCC) 1s part1ally financed by the W K. Kellogg Foundatwn. 

One of the pnnC!pal aetlVItles of the proJect has been the orgaruzatton of fanners groups 
for the construetlon, operatJon and adrmmstrauon of cassava processmg faCilities When the 
proJeCt lilltlated actiVltles m May 1989 12 drymg plants already eXIsted By the end of 
August 1991 the total number of small scale processmg plants had nsen to 59 and 1380 
fanners were benenttmg duectly from the proJect 

The bulldmg up of local msututwnal capac1ty and support for the proJeCt has progressed 
steadtly and the role of the CCC as the coordmatmg body foral! actJVIties related to cassava 
development has gamed general recogmtiOn In addJtiOn, five Reg1onal Cassava Comrmttees 
(RCC) have been estab!JShed and are contnbutmg to the rap1d and effic1ent decentrahzation 
of project actiVJtles 

The 1dent1ficat10n of local financia! resources for expans10n of the proJect mto new areas 
has been acuvely sought The total value of resources obtamed and allocated to fanners 
groups to finance the constructiOn of the1r cassava processmg facihtJes now amounts to 
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US$347 048 Marketmg channels for dry cassava ch1ps have started to consohdate The 
mam consumers of the dry cassava ch1ps have been drury farrners located m the VICimty of 
the drymg plants In 1990 the total number of purchasers was 410 With 19 (5%) of these 
buymg 62% of the total productwn 

The first results from the 15 pre productwn plots planted m 1990 have shown that at 15 
months average y¡elds of cassava were 60% h1gher than those obtruned by farmers 
employ¡ng trad1t10nal product10n pracuces 

Paraguay 

Paraguay 1s the largest per cap1ta producer of cassava roots m the world and the crop 1S 

cons1dered strateg¡c m terms of the country's food secunty CIAT's Cassava Progrrun has 
been Instrumental m onentmg and supportmg a young unexpenenced but ded1cated group 
of researchers and extens10n leaders m defirung pnontles formulaung objectlves and 
strateg¡es and executlng prOJects With the objeCtlve of mruntrunmg cassava s pos1t1on as a 
pnnapal source of carbohydrates for both human consumpuon and arumal feed 

The focus of cassava related acUVItles m Paraguay has been centered on (a) sustrurung and 
1mproV1ng product10n, With particular emphas1s on sml fert1hty and eros10n control and (b) 
makmg better use of the crop through 1mprovements m post harvest handlmg processmg 
and marketmg 

Smce 1985 a proJect partmlly financed by the Internauonal Development Research Centre 
IDRC, has concentrated on two 1mportant cassava growmg areas ParaguarJ. a Department 
close to the capital Asunc10n, where soli degradauon has s1gmficantly reduced the quantlty 
and quahty of the cassava produced Wlth the result that the area 1S a net ~mporter of roots 
and Caaguazu a Department where the natlVe forest has been opened for agnculture Withm 
the last twenty years and 1S the pnnc1pal suppher of cassava for the Asunc1on market 

The development of technolog1cal components to 1mprove cassava producuon m Paraguari 
and Caaguazu have led to the formulauon of two complete techrucal recommendauons for 
farmers The recommendauons cons1st of a set of 1mproved technology components 
together With the use of trad1t1onal technology for those producuon actlV!tles for whtch no 
1mproved technology eXJst These recommendauons are constantly bemg evaluated m 
farmers fields m the two local111es For ParaguarJ. the recommendauon mcludes 1mproved 
components for vanety (Meza 1) stake selecuon, the use of 20 t/ha of manure before 
planung plus band apphcauon of 300 kg/ha of 12 12 17 2 (NPK and Mg) The land 
preparauon, weed and pest control methods have remruned the same For Caaguazu the 
recommendauons presently consiSt of the same components menuoned for Paraguari 
Without the use of feruhzers 

The fresh cassava storage technology developed by CIA T /NRI 1S bemg tested and adapted 
to cond1Uons m Paraguay Starch 1s used mamly to make a tradltwnal bread known as 
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chipa The artesanal and small scale starch extractwn processes employed are very 
mefficient with a recovery of only 60% and the contanunatiOn of water sources IS a maJor 
enVIronmental problem m sorne locahues Work 1s underway to 1mprove extracuon 
effic1ency and product quahty and to mtroduce simple effluent treatrnent 

Seed systems 

The opportumties for mcreased cassava root utihzatiOn descnbed above and the demand 
from fanners for rrnproved production components that wlll mcrease productJVIty and reduce 
costs has h1ghhghted the need to undertake actiVIties onented toward the development of 
orgamzed cassava seed supply systems that wlll ensure the avmlab1hty of h1gh quahty 
plantJng matenal of e1ther local ongm or from 1mproved genotypes Tbis area !S seen as 
a maJOr constramt m the evolutJon of the mtegrated cassava proJects towards mcreased and 
more stable cassava productiOn at lower costs In collaboratiOn With the Colombian 
Agncultural lnstitute ICA, the Seed Umt has been developmg pllot models for the 
orgamzatJon of seed production m d1fferent regwns of the country wh1ch differ accordmg 
to the user groups and end uses of cassava. The expenence gamed wlll proVIde the bas1s 
for rrnplanting smnlar models m other countnes 

In Asm, cassava faces fewer market constramts as compared With tropical Amenca, the crop 
haVIng made the transitiOn from bemg purely a starchy staple to a multipurpose 
carbohydrate source m many countrles In addition cassava research programs are relatively 
stronger With a low tumover m personnel Pnont1es for research at the regwnallevel have 
been focused on germplasm 1mprovement and sml feruhty mamtenance as key elements m 
ensunng highly productive cassava based croppmg systems The promotwn of honzontal 
exchange of mformat10n on post harvest processmg and marketmg has also rece1ved 
attention Trmnmg of personnel, the execuuon of JOmt projects through research contracts 
and the formauon of a regwnal cassava research network that meets every three years have 
been the pnnCipal mechamsms for rrnproVIng nauonal programs research capaCity 

Cassava vanetal 1mprovement 

Generat1on of breedmg matenals Cassava breedmg progra¡ns m As1a have benefitted 
sigmficantly from the avmlab1hty of selected and upgraded genet1c matenals from CIAT 
Smce 1975 274 196 hybnd seeds from CIA T Colombia have been d1str1buted to 9 countrles 
The establishment of a JOmt Thm CIA T cassava breedmg program has brought about further 
progress m breedmg for y¡eld h1gh dry matter adaptatwn to senuand lowland trop1cs and 
1mproved plant type 47 224 hybnd seeds from th1s program have been d!Stnbuted to 9 
countnes smce 1985 and 215 clones have been sh1pped to 11 countnes smce 1988 

Vanetal selectiOn Steady progress m vanetal selection has been made by the cassava 
breedmg prograins m Thmland Chma, VIetnam, Malaysia and the Ph1hppmes With 
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prom1smg matenals bemg selected from CIA T and Thru-CIA T mtroductwns and local CIA T 
crosses In Thruland 7 clones WJth d1fferent adaptlve mches have been or are m the process 
of bemg released over the penod 1984 93 The Tha1 program JS contrJbutmg 1ts advanced 
matenals to other natwnal prograrns 

Vanetal release A total of 12 vanetJes m five countnes have been released The number 
1s expected to ID crease steaduy m the future w1th selectwns from Thru CIA T crosses and 
Thru CIAT clonal mtroduct10ns gammg m 1mportance 

Adoptmn Rayong 3 m Thailand and Ad1ra 4 m Indonesia are planted on more than 50 000 
ha The extent and factors affectmg adoptJon of both these var1etles are currently bemg 
stud1ed ID close collaboratJon WJth the respective natlonal research and extenswn prograrns 
VC 2 and M Col 1684 (not offic¡ally released yet) m the Ph1hppmes and Nanz1 188m Chma 
are planted on smaller hectareages 

Sod conservat1on and fertdlty mamtenance research 

Pnonty settmg and 1mprovmg research capac1ty After the establishment of the Cassava 
Agronomy Program m As1a m late 1986 a network of cassava agronormsts and sou SClentJsts 
workmg m natlonal prograrns m AsJa was developed by conductmg collaboratJve research 
on high pnonty top1cs Through frequent VISJts to the natlonal prograrns to see the trials 
and to d!Scuss the results the orgaruzat10n of workshops and trrumng courses and 
d!Stributwn of cassava hterature the capaClty and effic1ency of the research was 1mproved 
SIDce 1986 two Regwnal Cassava Workshops anda Symposmm of the Internat10nal Soc1ety 
for Tropical Root Crops were orgamzed m As1a, wh1le a product10n trammg course for 
As1an cassava workers was held at CIAT headquarters m Colombia 

Agronomy research results Collaboratlve cassava agronomy research on cultural practJces, 
on eroswn control and sml fertJhty managements has been conducted m rune countrJes The 
most promlSlng econormcally Viable eroswn control pract1ces were rmrumum tillage fertJhzer 
appltcatton, contour ndgmg close plant spacmg, and mtercroppmg Cassava responded 
posJtJvely to the apphcatJon of N m short term trJals, but requued relatJvely high 
appltcatlons of K for sustamed h1gh productJVIty The crop responded to P apphcatton 
sporad1cally and sml ac1d1ty or lack of secondary or mmor nutnents were seldom s1gruficant 
hrmtatlons ID As1a PractJces such as green manunng mtercropp1Dg, cover croppmg and 
alley croppmg generally reduced cassava y1elds but they may be benefiClal for 1mproV!Dg the 
long term productlVlty of the sml Considerable addJtJOnal research wlll be needed to 
mtegrate eros10n control practtces JUdiCJous feruhzer use crop rotatlons green manunng 
etc m order to manage the crop and the sml for sustamed h1gh y¡elds while protectmg the 
natural resource base 
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Afnca 

Broademng the cassava germplasm base 

A collaboratJ.ve proJeCt between CIA T and liT A IS ded1cated to the broaderung of the 
cassava germplasm base of Afnca through mtroductwn of germplasm from the Amencas 
adapted to speofic agroeconormcal conditions It commenced m 1990 With the mtroductJ.on 
of nearly 90 000 botamcal seeds representmg 400 farmhes A new seed lot was mtroduced 
m 1991 A total of 130 000 seeds (750 farmhes) have now been transferred to Afnca bemg 
evaluated under hurmd sub hurmd serm and and m1d altitude condltlons m N1gena 

Results obtamed from the matenal mtroduced m 1990 at Ibadan (sub hurmd) Onne 
(hurmd) and Kano (serm and) show that progerues denved from crosses between LatJ.n 
Amen can germplasm and liT A s mosruc resiStant clones TMS 30001 and TMS 30572 are 
more resiStant to the d1sease under cond1t10ns of lngh pressure observed at Ibadan 

Progerues of crosses mvolvmg CIA T germplasm adapted to the aod sml savannas of South 
Amenca and liTA sources also showed a better reactwn toan mtense outbreak of CBB m 
the first 2 months after transplanung 

ResiStance to cassava green rmte was observed m progerues obtamed from crosses mvolvmg 
CIA T eh te matenals adapted to the dry areas of Latm Amen ca and res1stant to that pest 

The populauon evaluated under the serm and condltlons of Northem N1gena showed a 
remarkable performance m terms of root y¡elds and growth after endurmg a 6 months dry 
season wlnch started two months after transplantmg A recuperatJ.on penod of 3 months 
after the dry season enabled the seedlmgs to recover and produce y¡elds comparable to 
those obtamed at the hurmd and sub hurmd enVIronments Selecuon m the serm and 
locatJ.on reflects the degree of adaptauon of the genotypes to the harsh chmauc cond!Uons 
smce no biOtic constramts were observed m 1990-1991 

lndlVldual selected as promiSsory at Ibadan, Onne and Kano were cloned and are bemg 
evaluated m four locauon m N1gena as part of the cassava breedmg scheme of the Tuber 
and Root Crops Program of liT A 

The results obtamed so far from thiS large scale germplasm mtroductiOn support the 
feas1b1hty of such a program and suggests that a preselecuon of parents based on the1r 
agroecologJ.cal adaptauon Is a step forward m a germplasm exchange program 

Collaboratlve Study of Cassava m Afr1ca (COSCA) 

The Collaborauve Study of Cassava m Afnca (COSCA) 1s a JOint proJect, managed by liT A, 
wlnch rums to proVIde bas1c mformauon about cassava m Afnca to mercase the relevance 
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and Impact of research related to the crop and to help mcrease mcome and food secunty 
for people m Afnca 

ImphCit m the objectJves of COSCA was a geographic charactenzatiOn of how cassava 
production and utihzatiOn vaned across the countnes mvolved m the study CIA Ts 
Agroecolog~caJ Studies Urut partJcipated m the design of a spatial samphng frame for the 
proJeCt. To do this It mapped cassava distnbutiOn m Afnca and constructed a geographic 
database of chmatlc, demographic and IDfrastructural mformatJon A member of the Urut 
assisted ID trairnng and data analysis for the prOJect s first phase This consisted of a vlllage 
Jevel questlonnarre to ehCit quahtatJve IDformauon NatJonal teams were tramed m 
samphng and mappmg techruques Later the Urut partiCipated m analysis of sorne of the 
data, IDcludmg a descnptiOn of the distnbutJon of bitter and sweet vanetJes and 
relatJonships between vanetal charactenstlcs and envuonmental conditJons 

Tbe Urut has used the mformatJon that It compiied for the geographic samphng frame to 
construct a statistical model of the distnbutiOn of cassava m Afnca This uses populatJon 
density modified by chmatJc and edaphic factors to predict cassava dJstnbutJon m the year 
2000 and to 1dentlfy areas where cassava product10n Is notably higher or lower than rrught 
be expected TbiS mformatiOn has formed the basis for the preparatiOn of an Atlas of 
Cassava ID Afnca wbich WIII be avaiiable m 1992 

CASSAVA PROGRAM STRATEGIC PLAN 1992 2002 

In the 1990s the Program WIII contmue to promote the mtegratJon and consohdatlon of 
natJonal cassava research and development systems m tropical Amenca and Asia, and to 
faCihtate hnkages between these systems and Institutes undertakmg advanced research on 
cassava through the B10technology Network Closer collaborauon WIII be sought With liTA 
to help meet the needs of Afncan programs Whde mamtairnng a comrnodity system 
perspective the program will emphasize germplasm resource development Crop 
management, utihzation and market research WIII concentrate on strateg~c ISsues of global 
Importance Appbed research m these areas wiii gradually be devolved to nauonal 
organizatlons With honzontal cooperauon encouraged between countnes at the reg~onal 
level The Program will foCIIS pnmanly on technology development for the subhurrud, 
serruand and subtropical ecosystems of the Amencas and Asia, mteracung closely With 
CIATs new Resources Management Research DIVISion on hiilside savanna and forest 
margin ecosystems where an estJmated 25o/o-30% of cassava Is produced m tropical Amenca 

Overall core resources are proJected to decline shghtly over the penod m tenns of actual 
staff positlons and Sigruficantly m tenns of positiOns approved by TAC for 1989 1993 
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INTRODUCTION 

EXECUTIVE SUMMARY 

The GenetJc Resources Umt m 1987 1991 
Era of new responstbllttles and consoltdabon 

CIAT s Genet1c Resources Un1t (GRU) has expenenced a penod of restructunng and 
consohdatlon brought by new respons1b1ht1es new facilities and an 1ncreased emphas1s 
on germplasm research The GRU 1s now a well organ~zed and product1ve Unlt wh1ch 
1s strongly 1ntegrated 1nto the work of CIAT s Programs and Unlts and w1th nat1onal and 
1nternat1onal organ1zat1ons 

New Fac111t1es and New Respons1blllt1es 

Successful gene bank management depends on the avallab11ity of spec1alized and 
centralizad fac11it1es The construct1on of the follow1ng new fac11it1es has helped the GRU 
to 1mprove CIAT s gene bank serv1ces and take on new respons1b11it1es 

New seed storage fac•llty 

The new seed storage fac11ity donated by the ltalian Government began operat1on 
1n early 1990 The fac11ity 1ncludes (a) a long term storage room w1th a temperatura of 20 
oc (b) a short term storage room w1th a temperatura of 58 oC and 35% r h and (e) a 
seed dry1ng room at 20 oc and 15% r h The fac11ity has a des1gned capac1ty for 100 000 
access1ons 1n both long term and short term conservat1on rooms All Phaseolus and 
tropical forage germplasm have now been transferred 1nto the new short term storage 
room Th1s new faci11ty enables the GRU to funct1on adequately to take 1mportant 
respons1b11ity for conserv1ng large collect1ons 

Tlssue Culture Laboratory 

A new Tissue Culture Laboratory (TCL) also began operatlon 1n the GRU 1n 
January 1990 Consequently the respons1b1hty for 1n v1tro cassava germplasm 
management was transferred from the B1otechnology Research Un1t (BRU) to the GRU 

Seed Health Laboratory and Electrophoresls Laboratory 

A new seed health test1ng laboratory was completad 1n Apnl 1991 Th1s laboratory 
has ample space (124 8 m •) and 1s well eqUipped for the rout1ne check1ng of seed health 
status of out go1ng germplasm The formar seed health laboratory was converted 1nto 
an electrophores1s laboratory wrth a space of 44 m• All electrophoret1c work (e g 
fingerpnnt1ng cassava germplasm and genetle d1versrty stud1es through the use of 
b1ochem1cal markers) IS now carned out 1n th1s laboratory 
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lntegratlng the Trop1cal Pasturas Programs s Germplasm Sect1on 

In the past gene bank relatad act1V1t1es wlth respect to the pastura collect1on were 
diVJded between the Trop1cal Pasturas Program (TPP} and the GRU Collect1on 1n1t1al 
mu1t1phcat1on charactenzat1on documentatJon and relatad tra1n1ng act1v1t1es carned out 
by TPP germplasm sect1on Regenerat1on ma1ntenance d1stnbut1on and to sorne extent 
documentatJon were handled by the GRU From 1990 onward the GRU took over full 
respons1b1hty for all forage germplasm conservat1on related act1v1t1es 

TROPICAL FORAGE GERMPLASM 

Germplasm Management 

S1nce 1971 when the first 1ntroduct1on was made CIAT s trop1cal forage germplasm 
collect1on grew to 20 055 access1ons of more than 750 w1ld legume and grass spec1es 
of wh1ch about two th1rds are now avallable for d1stnbutJon Three quarters of the 
collect1on have been assembled by collect1on w1th the d1rect part1c1pat1on of CIAT 
sc1ent1sts The part1cular value of th1s collect1on hes 1n the fact that the ma¡onty of 
access1ons ong1nated from reg1ons w1th ac1d low fert1hty solls Nearly 65% of the 
legumes come from South Amanea wh1ch 1s cons1dered the pnnc1pal center of d1vers1ty 
Southeast As1a a m1nor yet very 1mportant center of d1vers1ty of trop1cal legumes 
contnbuted about 15% to the CIAT collect1on However most of the grasses (60%) 
ong1nated from Afnca 

Acqulslt1on 

Dunng 1986 1991 acqu1S1t1on of new germplasm was strateg1cally focused on fllhng 
1n geograph1c and genet1c gaps and 1n response to 1nternat1onal requests to spec1f1c 
needs and a total of 5452 access1ons were acqUJred About 48% of them were collected 
by the TPP 1n Southeast As1a Afnca and Trop1cal Amanea The GRU assembled another 
27% by collect1on m1ss1ons to severa! reg1ons of Colomb1a 

Conservat1on 

S1nce 1990 the GRU undertook mult1phcatJon 1n CIAT s greenhouses and fields 1n 
Palm1ra Oull1chao and Popayan Because of the longevlty of most trop1cal forage 
spec1es seed has to be contJnuously hand harvested and th1s even dunng severa! years 
to obta1n suff1c1ent quant1ty Recently woody legumes rece1ved most emphas1s 1n 1n1t1al 
seed 1ncrease bes1des the key spec1es 1dent1fied by the TPP Mult1phcat1on averaged 
about 2000 access1ons per year So far two th1rds of CIAT s tropical forage germplasm 
collect1on have been 1ncreased Dunng the move 1nto the new cold rooms 1990 1991 
all access1ons have been 1nventoned and checked for quahty 

W1th1n the CGIAR system CIAT has the 1nternat1onal mandate for 111egumes and 
seven grass spec1es More than one th1rd of these legumes 1s now conservad 1n CIAT s 

2 



base collect1on under long term storage cond1t1ons Because of JOint collect1on m1ss1ons 
or act1ve exchange of germplasm nearly 50% of these access1ons are shared w1th other 
1mportant 1nst1tUt1ons 1n act1ve dupllcat1on 

Characterlzatlon 

In the past germplasm charactenzat1on was ma1nly carned out by the TPP w1th 
spec1al emphas1s on 1dent1f1ed key spec1es Dunng 1986 1991 the GRU also 
charactenzed germplasm under mult1pllcat10n 1n the field as well as 1n the greenhouse 1n 
Palm1ra These data stdl need to be put 1nto CIAT s database anda user fnendly access 
has to be created Recent morpholog1cal charactenzatiOn espec1ally 1n Brach1ana spp 
and Arach1s pmto1 a1med at develop1ng descnptors and elaboratlng class1ficat1on systems 
for new germplasm by the help of mult1vanate stat1st1cal methods In add1t1on stud1es on 
1sozyme fingerpnnt1ng ut11iz1ng PAGE electrophores1s have been 1n1t1ated for both genera 
Regard1ng A pmto1 polymorph1sm was found 1n all four 1sozyme systems stud1ed (EST 
ACP GOT and DIAP) and CIAT s e1ght access1ons compns1ng collect1on was shown to 
be genet1cally d1fferent 

Documentat1on and Data Management 

Rehable documentat1on and eff1c1ent data management are bas1c for germplasm 
management In clase collaborat1on w1th CIAT s Data Serv1ces Un1t s1nce 1990 new 
menus are be1ng developed to 1mprove control over germplasm management act1v1t1es 
However more 1nformat1on flow and control are needed to complete the system of 
1ntegrated data management 

S1nce 1989 the whole passport data are be1ng rev1sed corrected completad and 
ed1ted and several reg1onal catalogs have already been publlshed Spec1al emphas1s was 
giVen to the taxonom1c 1dent1ficat1on of spec1es 1n recent years About 45% of the legume 
access1ons and 21% of the grasses are now representad 1n the reference herbanum 
wh1ch recently was reorgan1zed Spec1mens are now stored 1n alphanumencal arder and 
all samples are 1nventoned by computar 

D1str1but•on 

To 1mprove rts effic1ency a computenzed system 1s be1ng 1mplemented to 
germplasm d1stnbut1on s1nce 1990 Dunng 1986 1991 more than 10 200 samples were 
d1stnbuted to the TPP and other CIAT programs and another 6500 samples to 54 
countnes 1n answer to 526 requests Although germplasm most frequently d1stnbuted 
belongs to key spec1es defined by the TPP samples of more than 50 genera have been 
d1stnbuted 1n both years 1990 and 1991 

Genetlc Resources Research 

Because the conservat1on of genet1c resources 1s a relat1vely new endeavor many 
quest1ons anse that cannot be answered on the bas1s of current knowledge Relevant 

3 



research w1th emphas1s on taxonomy and reproduct1ve b1ology was started 1n 1990 
With1n the taxonom1c rev1s1on of the legum1nous genus Ga/act1a a key for the 
determ1nat1on of those spec1es held 1n CIAT s collectlon was elaborated The outcross1ng 
rate of over 30% observad 1n open polhnated Centrosema bras111anum needs 
consequences how the mult1phcat1on of th1s spec1es will be carned out 1n the futura 

Future Prospects 

Past constra1nts relatad to the lack of greenhouse laboratory and storage space and 
of personnel have been largely overcome by 1991 Because of the fus1on of the TPP s 
former germplasm sect1on wrth the GRU s trop1cal pasturas work all germplasm act1v1t1es 
are now be1ng orgamzed more eff1c1ently and duphcatlon of efforts can now be avo1ded 

Dunng 1990 1991 comput1ng facil1t1es 1n the GRU building were greatly 1mproved 
Access to the database was hm1ted however because of the IDMS/R system presently 
used by CIAT At present only data requests frtt1ng prev1ously elaborated menus can 
secura an adequate response 1n a user fnendly way Requests for other 1nformat1on have 
f1rst to be processed by the staff respons1ble 1n the Data Serv1ces Umt (DSU) and 
responses are frequently too slow The recent dec1s1on to 1mplement the new ORACLE 
system at CIAT 1s very much welcomed by the GRU even though 1t will requ~re 
considerable time to ad¡ust the database to the new system 

With respect to the pastura collect1on httle data 1s ava1lable on the 1n1tlal seed 
v1ab1hty at storage while even less 1s known about the germ1nat1on rate of germplasm 
wh1ch was acqUired or mult1phed ten or more years ago Recent expenence shows that 
there may still be considerable loss of access1ons An alternat1ve locat1on for duphcate 
base collect1on depoSit has can now be negotlated and an 1n1t1al depos1t of samples 
already preparad The base collect1on of key spec1es w111 also rece1ve prompt attentiOn 

As the TPP expands rts act1V1t1es 1n Afnca and As1a germplasm sh1pments to these 
cont1nents will1ncreased Th1s w11l requ~re 1ncreased attent1on to the phytosan1tary status 
of the germplasm and a standard phytosan1tary check1ng procedure w11l be estabhshed 

Phaseolus BEANS GERMPLASM 

CIAT has had global respons1b1hty for the conservat10n of the germplasm collectlon of 
cu1t1vated spec1es of Phaseolus beans s1nce 1976 These respons1bil1t1es essentlally 
1nclude assembhng ma1ntenance charactenzatlon evaluatlon and d1stnbut1on of 
germplasm access1ons to CIAT s Bean Program nat1onal programs and to bona fide 
users generally Add1t1onal tasks that follow as a consequence of the enes already 
ment1oned are documentat1on and data management The last 1n depth rev1ews of the 
GRU act1v1t1es ma1nly 1n Phaseolus were carned out 1n 1986 and 1989 dunng the Externa! 
Program Rev1ews (EPR) at CIAT The follow1ng h1ghhghts summanze the ach1evements 
s1nce 1988 w1th part1cular focus on the constra1nts 1dent1f1ed 1n these rev1ews 
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Assembllng and Present Status 

CIAT s Phaseo/us germplasm collect1on presently cons1sts of 26 506 access1ons alreacly 
1ncreased and avallable for d1stnbut1on P vulgans and 1ts w1ld ancestors are the maJor 
component of th1s collect1on (89 5%) followed by P lunatus (5 5%) P coccmeus (2 3%) 
P po/yanthus (1 1%) and P acutJfoiiUS (1 O%) Of the true wlld nonancestral spec1es 
there are 22 spec1es but they form only O 6% of the total collect1on In 1986 the 
collect1on totaled 21 984 access1ons wh1le 1n 1977 1t had 12 690 access1ons 
Documentatlon dunng recent years shows that about 50% of the P vulgans collect1on 
ong1nated 1n pnmary centers of domest1cat1on and such matenal can be cons1dered as 
landraces 

Acqulsltton 

Dunng 1985 1991 a total of 8496 new access1ons were 1ntroduced of wh1ch 6627 were 
P vulgans 940 other cult1vated spec1es and 929 wlld spec1es Collectlng exped1t1ons 
were carned out ma1nly as collaborat1ve proJects w1th the IBPGR and U S Department 
of Agnculture (USDA) Countnes explorad were Peru Mex1co Argent1na Guatemala 
Colombia Costa R1ca and Ecuador Over 2000 access1ons were collected of wh1ch 75% 
corresponded to landraces of the domest1cated spec1es and 25% to w1ld spec1es e1ther 
ancestral or nonancestral 

Multlpllcation 

ln1t1al seed 1ncrease and mult1phcat1on that 1s to make germplasm ava1lable for 
d1stnbut1on have been the most demand1ng respons1b1hty for the Umt 1n the last 5 years 
Three locat1ons at d1fferent altitudes (1000m 1800m and 2000m) have been used for th1s 
task and a total of 35 855 access1ons have been 1ncreased dunng the last five years An 
agreement wlth the Instituto Colomb1ano Agropecuana (ICA) was negot1ated and s1gned 
to estabhsh a more effic1ent and safe procedure for acceleratlng the 1ntroduct1on and 
1ncrease of germplasm from pnmary centers of domest1cat1on (Central and South 
Amanea) Add1t1onally through spec1al funds prov1ded by the Japanese Government a 
quaranttne greenhouse has been constructed for ICA near Bogota to speed up the 1n1tlal 
1ntroduct1on of germplasm from countnes outs1de the pnmary centers 1 e from Europa 
Afr1ca As1a and Oceama Th1s new fac1hty w111 be completely funct1onal by the end of 
1991 

The year 1991 was a turmng po1nt for develop1ng pnont1es on mult1phcat1on A 
senes of stud1es are underway to develop a system for v1rus erad1cat10n 1n the seed of 
the present P vulgans germplasm collect1on A prehm1nary tnal wlll soon be carned out 
to 1mplement the cleamng system wh1ch 1nvolves v1sual v1rus 1dent1ficat1on and rogUing 
of plants w1th symptoms at on early growth stage and ELISA tests at advanced plant 
stages 1n a quarantlne greenhouse followed by a seed 1ncrease 1n an 1solated f1eld 
Spec1al attent1on wlll be g1ven to m1n1m1z1ng genet1c dnft dunng th1s process 
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Characterlzatlon 

The avaJ/able P vulgans germplasm 1n growth hab1ts 1 and 11 has been charactenzed 
us1ng 30 morpholog1caf descnptors wh1le the whofe coflectiOn of th1s spec1es has now 
data on the essent1al descnptors (growth hab1t and seed type 1 e color shape s1ze 
bnlhance) Morpholog1cal data are not suffic1ent to allow d1scnm1nat1on at access1on level 
A senes of blotechnolog1cal techmques are now under study 1n the search for a pract1cal 
procedure that w1il allow access1on d1scnm1nat1on w1th more conf1dence Probably th1s 
procedure will 1nclude electrophores1s for the seed storage prote1n Phaseohn as an 
1nd1cator of geograph1cal ong1n together w1th analys1s of molecular markers such as 
hypervanabfe DNA A spec1af coflaborat1ve research project w1th the Un1vers1ty of 
Cahforma 1s underway to better define th1s methodology 1n Phaseolus 

Data Management and Documentatlon 

Data files generated at the d1fferent stages of germplasm management have been handled 
by three approaches SAS IDMS/R and through PCs The IDMS/R database has been 
repfaced 1n 1991 by another relatlonal database ORACLE wh1ch has already been tested 
and prom1ses to salve past hm1tat1ons for mult1vanable quenes Data on all Phaseolus 
spec1es will be centralizad 1n one file ORACLE 1s expected to be fufly funct1onal by the 
end of 1991 

Documentatlon of Phaseolus has also been a h1gh pnonty 1n recent years Th1s 
task was accelerated to complement CIAT s work on core collect1on of Phaseolus One 
of the ma1n entena for the select1on of lts representat1ve components 1s based on 
geograph1c data Such documentat1on has helped 1dentlfy more clearly the ong1n of many 
access1ons Th1s effort w1ll be more eff1c1ent w1th the 1mplementat1on of the new database 

Germplasm catalogs of P coccmeusjP polyanthus and P lunatus were f1rst 
pubhshed 1n 1988 and 1991 respect1vely A catalog of wild P vu/gans was pubhshed 1n 
1990 and an updated catalog for P vulgans will be pubhshed by the end of 1991 

Seed DlstnbutJon 

The cont1nued availab1hty of bean germplasm to bean sc1ent1sts has been majar goal for 
the GRU Between 1977 and 1991 the GRU has prov1ded 81 252 access1ons to nat1onal 
programs umvers1t1es and other research 1nst1tut1ons wh1le for the Bean Program a total 
of 248 499 1nd1v1dual samples for screen1ng work were preparad Bes1des mak1ng 
ava1lable bas1c germplasm to natlonal programs the GRU also serves to back up those 
countnes who for vanous reasons have lost part or afl of the1r nat1onal collectlons CIAT 
has been able to replace collect1ons 1n Honduras lran Peru Mex1co and Burund1 

Conservat1on and Dupllcatlng of the Phaseolus collectJon 

The majar breakthrough of the last 5 years has been the complet1on of a new seed 
conservat1on build1ng All Phaseolus germplasm has now been transferred to the short 
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term storage CIAT has negotlated safe heaven duphcate storage agreement of 
Phaseolus At the present t1me the P vulgans germplasm 1s 90% duphcated 1n Costa 
R1ca at CATIE and 13% 1n Braz1l w1th CENARGEN Alternat1ve duphcat1on 1n the 
1nternat1onal gene bank when estabhshed 1n Norway 1s under cons1derat1on 

Traming 

Dur~ng the per~od 1986 1991 a total of 10 profess1onals from 6 countr1es were tra1ned 1n 
per1ods of 1 to 6 months at the GRU 

MANAGEMENT OF Phaseotus GENETIC DIVERSITY A CIAT IBPGR 
COLLABORATIVE PROJECT 

Th1s pro¡ect commenced 1n 1989 lts general ob¡ect1ve has been to develop opt1mal 
management strateg1es for ma1nta1n1ng genet1c d1vers1ty 1n a large gene bank by prov1d1ng 
a better understand1ng of the genet1c structure of P vulgans as 1t occurs 1n nature and 
1n the gene bank w1th the follow1ng three spec1fic a1ms 

Effects of lmt1al Seed lncrease Methods on Genet1c Dnn 

A total of 18 1sozyme systems were evaluated to select the most appropr~ate genet1c 
marker system for analyz1ng the genet1c structure of three wlld P vulgans populatlons 
and for momtor1ng gene frequency changas dur1ng 1n1t1al seed 1ncrease S1x enzyme 
systems were found to demonstrate clear bands and polymorph1sm 

A total of 30 plants of each populat1on were planted 1n a screenhouse and checked 
for d1fferences 1n seed product1on The expenment was conducted 1n 1989 and 1990 at 
Tener~fe Colombia us1ng dlfferent batches of seed samples Large d1fferences 1n seed 
number produced per plant were observad 1n all three populatlons ovar the two years 
There were sorne plants wh1ch produced no seed whereas other plants from the same 
access1on produced more than 1500 seeds per plant lt 1s clear that 1n1t1al seed 1ncrease 
1n wlld germplasm presents a particular r~sk of genet1c dr1ft because of d1ffenng fecund1ty 
w1th1n a qu1te small populatlon 

A s1mulat1on study was carned out 1n collaboratlon w1th the Data Serv1ces Un1t to 
est1mate the effects that d1fferent seed 1ncrease methods could have on 1sozyme allele 
frequenc1es The s1mulat1on study 1nd1cated that s1gmficant changes 1n allele frequenc1es 
do occur The use of all harvested seeds d1d not change greatly the or1g1nal gene 
frequenc1es On the other hand 1t 1s clear that the s1ze of the or1g1nal populat1on 1s of 
Cr1t1cal1mportance When only 18 plants are used as 1s rout1nely done at CIAT S1gn1f1cant 
dev1at1on can occur 1n all three access1ons The s1ze of 1n1t1al seed 1ncrease plays a key 
role 1n determ1mng the fate of low frequency alleles 1n subsequent seed 1ncrease 
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Compar1son of Common Access1ons Malntamed 1n Two Gene Banks CIAT and 
USDA Pullman 

There are many access1ons wh1ch are ma1nta1ned 1n common at the CIAT and at the 
USDA Pullman gene bank The CIAT collect1on was ong1nally based on several large 
donatlons by the USDA 1n early 1970s lt 1s often assumed that these common 
access1ons have the same genet1c content Seven common access1ons have been 
compared for d1ffenng morpholog1cal tralts and 1sozyme markers 1n arder to est1mate 
genet1c dnft 1f any from ene bank to the other 

Seeds of seven common access1ons from the two banks were plantad at Tenenfe 
(2000m 1n Colombia) and seven morpholog1cal tra1ts were checked for each plant lt 
was observad that plants and seeds produced from those of Pullman ong1n demonstrated 
more 1nfra access1on vanab1hty 1n many tra1ts The results clearly 1nd1cate that common 
access1ons cannot be assumed to be genet1cally 1dent1cal and that sorne genet1c 
dev1at1on w111 have occurred Most of the s1gn1f1cant d1fferences resulted from the absence 
of part1cular tra1ts from CIAT gene bank access1ons andfor from s1gn1ficant change of 
frequency of sorne tra1ts A reduct1on 1n genet1c vanab1hty 1n CIAT access1ons has to be 
expected because only a small number of seeds of each access1on were 1n1t1ally 
1ntroduced from Pullman mult1phed 1n a quarant1ne greenhouse us1ng only a few seeds 
and then mult1phed many t1mes 1n CIAT fields 

Allogamy Frequency of Common Bean 

All CIAT s cult1vated access1ons are grown 1n flelds for seed 1ncrease and regeneratlon 
lf outcross1ng (allogamy) occurs dunng seed 1ncrease 1n the field then sorne of the 
seeds harvested w111 be genetleally contam1nated 

P1gmented hypocotyl1n P vulgarts 1s dom1nant over green hypocotyl Because th1s 
tra1t can be recordad eas1ly '" many seedhngs rt was used as a morpholog1ca1 marker 
to est1mate allogamy frequency of 11 access1ons 1n two Colomb1an Jocat1ons (Popayan 
and Tenenfe) Allogamy frequenc1es were low at the both places F1ve access1ons had 
no allogamy at e1ther s1te Average allogamy frequency '" the 11 access1ons for the two 
Jocat1ons was less than 1% 

CIAT UNIVERSITY OF GEMBLOUX (Belg1um) COLLABORATIVE PROJECT ON 
Phaseolus GERMPLASM 

L1ma Bean (P lunatus) Germplasm Research 

Th1s project started 1n May 1986 and term1nated 1n Apnl 1991 The follow1ng maJar 
ach1evements of th1s very product1ve project have now firmly estabhshed the P /unatus 
collect1on at CIAT 
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The ftrst catalog on lima bean germplasm was published 1n Apnl 1991 covenng 
1456 CIAT G number access1ons Th1s represents about half of all1ntroduced lima bean 
access1ons The Un1verS1ty of Gembloux analyzed the hydrocyan1c ac1d (HCN) contents 
of 1341 access1ons of wh1ch 700 are from the CIAT gene bank A w1de range of vanab11ity 
for th1s tra1t was found 1n both cult1vated and w1ld groups Allogamy stud1es were 
conducted to est1mate outcross1ng rates under d1fterent cond1t1ons The natural 
hybnd1zat1on rate under f1eld cond1t1ons 1n CIAT ranged trom O% to 7 9% w1th an average 
of 2 7% An 1ncreas1ng d1stance between two entnes reduced outcross1ng rate but 
outcross1ng occurred even between plots spaced 12 m apart The 1mplicat1ons for future 
conservat1on work 1n P lunatus are be1ng caretully accessed A total of 570 access1ons 
(459 cult1vated 104 w1ld and 7 weedy) have been charactenzed by electrophoret1c 
analys1s New access1ons recently obta1ned trom Ecuador dunng an exped1t1on have 
prov1ded add1t1onal 1ns1ghts 1nto the understand1ng of the ong1n of th1s spec1es 1ts gene 
pool defin1t1on and the magn1tude of the founder eftect 

Runner Bean (P coccmeusjP polyanthus) Germplasm 

Th1s collaborat1ve project focused on the ett1c1ent use of P coccmeusjP polyanthus 1n 
the 1mprovement of the common bean Work started 1n 1984 and term1nated 1n 1989 The 
maJor ach1evements of the proJect are as follows 

A total of 894 access1ons of P coccmeusjP polyanthus have been successfully 
mult1plied of wh1ch 878 have been ass1gned a G number The first catalog on th1s 
germplasm was published 1n October 1988 1nclud1ng 785 access1ons w1th passport data 
and agromorpholog1cal evaluat1on descnptors A total of 253 access1ons were found to 
be res1stant to ascochyta blight (P ex1gus var d1vers1spora) Res1stance to the bean fly 
(O phaseo/1) and to Sean Golden Mosa1c Virus (BGMV) were also found 1n 37 and 3 
access1ons respect1vely Ten prom1s1ng access1ons selected from the total collectlon 
were d1stnbuted for evaluat1on by nat1onal program sc1ent1sts 1n e1ght countnes 1n Latln 
Amanea and Afr1ca Th1s prov1ded CIAT wrth prelim1nary but valuable 1nformat1on on the1r 
relat1ve performance under d1fferent agroecolog1cal condrt1ons B1ochem1cal markers were 
successtully used to study the 1nterest1ng ong1n of P polyanthus lnterspec1f1c crosses 
between P coccmeusjP polyanthus and P vulgans were made 1n an attempt to transfer 
useful tra1ts 1nto common bean CongrUJty backcrosses and recurrent select1on were 
applied to break linkages w1th undes1rable tra1ts and to 1ncrease frequency of favorable 
genes 

CASSAVA GERMPLASM 

In Vitro Cassava Germplasm Management 

W1th1n the CGIAR system CIAT has accepted global respons1b11ity for conserv1ng 
cu1t1vated and w1ld cassava (Mamhot spp ) germplasm Th1s 1mphes an obl1gat1on to 
prov1de a h1gh level of secunty for conservat1on complete charactenzat1on and evaluatlon 
thorough documentatJon and a system for ettect1ve pathogen free exchange of 
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germplasm Whereas the Cassava Program cont1nues te manage the f1eld gene bank 
and charactenzat1on the t1ssue culture laboratory (TCL) of the GRU 1s respons1ble for the 
1n v1tro cassava germplasm management part1cularly focus~ng en three aspects (a) 
germplasm conservat1on (b) product1on of d1sease free clones 1n collaboratlon w1th 
CIAT s Vlrology Research Un1t (VRU) and (e) germplasm exchange 

conservat1on 

The 1n vitre gene bank presently conserves 4788 clones from 23 countnes Th1s 
represents 95% of the total number of access1ons 1n the field In 1987 a total of 3382 
clones were conservad 1n the 1n v1tro gene bank thus an add1t1onal 1406 clones have 
been 1ntroduced 1nto the bank dunng the last four years The slow growth cond1t1ons 
methodology currently used at the GRU allows conservatlon of 1n v1tro collect1on for an 
average of 13 months but th1s can be as long as 20 months depend1ng en genotype 
In add1t1on the 1n v1tro bank has 394 genotypes of 29 w1ld cassava spec1es A recent 
thes1s study 1dent1fied severa! culture med1a wh1ch were supenor than the commonly used 
CEC med1a for manag1ng w1ld cassava germplasm 

Pathogen el1mmat1on 

S1nce the 1mt1at1on ofthe 1n v1tro gene bank pathogen (espec1ally v1rus) ehm1nat1on 
through menstem culture has been an 1mportant 1n1t1at1ve So far 958 clones have been 
cleaned and 1ndexed by us1ng d1agnost1c techmque (ELISA) for cassava common 

mosa1c wus (CCMV) and cassava wus x (CsXY) and 145 clones have been 1ndexed for 
Frog Sk1n D1sease (FSD) by graft1ng ente an 1nd1cator clone All1ndex1ng work have been 
carned out by the VRU 

lnternat1onal germplasm exchange 

S1nce 1979 3070 clones have been sent te 43 countnes 1n response te 205 
requests Often the same clones were sent out 1n d1fferent sh1pments In total 1243 
1nd1v1dual clones have been 1nvolved 1n th1s exchange at d1fferent frequenc1es rang1ng 
from 1 te 66 

Database management 

S1nce the 1mt1at1on of the 1n v1tro collectlon 1n 1979 1nformat1on en the handling of 
all 4788 clones 1n the 1n v1tro collect1on was recordad en cards by hand W1th excellent 
collaboratlon from the Data Serv1ces UnJt the GRU has completad the d1g1tat1on of all the 
1nformat1on 1n 1991 The computenzed database wlll fac1htate organ1zat1on of the 1n v1tro 
management and data analys1s based en accumulated 1nformat1on 

Future prospects 

About 20% te 25% of the field collect10n can now be safely ehm1nated through 
duphcates 1dentlf1catlon Th1s work has already started 1n 1991 Th1s may lead te 
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eventual elimJnat1on of duplicates from the 1n vrtro gene bank However because the 
present gene bank has comparat1vely peor representaban of germplasm from Afnca and 
As1a espec1ally from lnd1a the final s1ze of the 1n v1tro bank 1s expected to be around 
5000 access1ons 

The Global Cassava Germplasm Network be1ng planned by IBPGR the 
lnternat1onal lnst1tute of Trop1cal Agnculture (liT A) and CIAT w111 se e k safe and effic1ent 
ways of cassava germplasm conservatlon through techn1cal and JnstJtutlonaiJntegratJon 
A ma¡or 1ssue to be solved by the network 1s the safe dupllcatlon of CIAT s large cassava 
germplasm at other JnstJtutlon Further refin1ng of the cryopreservatiOn methodology 
be1ng carned out by the B1otechnology Research Umt (BRU) and the GRU w1ll have a 
sJgn1ficant 1mpact on CIAT s conservat1on strategy Th1s latter work was conducted by 
CIAT 1n collaborat1on w1th IBPGR and representa ma¡or step forward 1n th1s technology 

A ma¡or bottleneck to 1ncreas1ng the number of pathogen tested clones wh1ch have 
been tested for FSD IS due to the t1me consum1ng graft1ng procedure presently reqUired 
By the end of 1992 630 access1ons of the cassava core collectlon awa1t1ng worldw1de 
dJstnbutJon to many collaborators w111 be cleaned and 1ndexed Recent progress by the 
VRU 1n the JdentJficatlon and punficatlon of FSD s causal agent may lead to a ma¡or 
breakthrough toward develop1ng a Simple d1agnostJc method wh1ch w111 fac11itate 1ndex1ng 
the whole 1n vrtro collectJon 

The Cassava program and the GRU have made ma¡or progress towards 
establish1ng a core collectiOn for cassava The creatiOn of the cassava core collect1on 
at CIAT w111 st1mulate expenmental bJolog1sts to carry out bas1c and strateg1c research on 
th1s 1mportant crop Th1s 1n return w1ll requ1re CIAT to respond to a larger number of 
germplasm requests 

lsozyme F1ngerpnnt.ng and Genet1c Divers1ty Stud1es 

B1ochem1cal markers such as 1sozyme have mult1ple uses 1n germplasm research The 
GRU 1s charactenz1ng 1n collaborat1on w1th the Cassava Program the whole cassava 
collect•on for esterase 1sozyme by us1ng a methodology developed by the BRU 
Prelim1nary stud1es 1nd1cated that esterase 1sozyme are Ideal for the above ment1oned 
ob¡ect1ves 

F.ngerprintmg and duphcates 1dent1f1cat•on 

In the last 3 years a total of 3971 access1ons (about 79% of the collect1on) have 
been analyzed and a total of 22 d1fferent1atmg bands were found All bands have been 
ceded and the ex1stence of each band recordad 1n a computenzed system All 
fingerpnntlng work 1s expected to be completad for the whole collect1on by the end of 
1992 

A total of 1705 d1fferent comb1nat1ons of band1ng patterns were found among the 
3270 access1ons The number of clones possess1ng each d1fferent band1ng pattern was 
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analyzed A large number (1156) of patterns were representad by only one clone wh1le 
the rest had 2 to 39 clones wrth the same band1ng patterns The former group of 1156 
clones represents truly un1que genotypes because d1fferent band1ng patterns 1mply real 
genet1c dlfferences The clones 1n the latter group are the enes where duphcates are 
most hkely to be found comb1ned wrth other morpholog1cal and passport 1nformat1on Th1s 
wlll allow a tentat1ve hst of duphcates 1n the collect1on drawn up 

Genet1c d1vers1ty stud1es 

Data on esterase 1sozyme were used to est1mate d1stnbutron of genet1c d1vers1ty 
1n the collect1on The frequency d1stnbut1on of the 22 bands rn 3270 access1ons com1ng 
from 21 d1fferent countnes and CIAT s breed1ng program was stud1ed The results show 
that there 1s no band whrch has a clear geographrc d1stnbut1on Many bands w1th more 
or less srm1lar frequenc1es are found 1n many countnes of ong1n Numencal taxonomy 
analys1s does 1ndtcate sorne grouptng of countnes lt ts tnteresttng to note that F1¡t ts 
grouped together wtth Venezuela and Colombta Th1s may tndtcate that cassava 
germplasm 1n FtJI denved ong1nally from a group of germplasm stmtlar to that 1n Venezuela 
and Colombta 

Knowledge of genettc control of those bands rs essentlal for applyrng a more 
soph1st1cated populatton genettc analysts to the collectton An electrophorettc analysts 
of tnhentance of bands 19 20 21 and 22 whtch demonstrated very clear and constant 
presence dunng electrophorettc analysts was carned out Stx segregattng populatlons 
were produced 1nvolv1ng e1ght clones Observad segregatton rattos supported the 
hypothests that these tour bands were determtned by one locus wtth five dtfferent alleles 
(tncludtng one null allele) 

A standard1zed methodology for analyzrng wlld cassava plantlets comrng from the 
1n vttro gene bank has been accomphshed A total of 12 rsozyme systems were analyzed 
by PAGE or starch gel electrophorests Severaltsozyme systems (EST ACP GOT ME 
and PGI) were found to be polymorphrc and to demonstrate clear bandtng 

SEED HEALTH LABORATORV 

The SHL s matn responstbtltty ts to test the seed health status of germplasm (beans and 
trop1cal pasturas) rntended for tnternatronal export The ICA Plant Quarantlne Offtcer 
stattoned at CIAT carnes out field and greenhouse tnspecttons and tssues ICA s 
Phytosanttary Cert1ficate wh1ch accompantes all out gotng germplasm from Colombta 
CIAT provtdes addlttonal assurances to the rece1vtng country through the routtne 
evaluatton by the SHL The SHL uses the methodolog1es recommended by CIATs 
pathologrsts and vtrologtsts to detect pathogens of quarantlne s1gnrficance 

Dunng the last 6 1/2 years the SHL has analyzed 17 133 samples from dtfferent 
secttons of CIAT wrth an annual average of about 2600 samples Bean germplasm 
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occup1ed the largest portien (more than 90%) followed by trop1cal pastura germplasm 
Samples of nce sorghum and ma1ze were also analyzed 1n recent years 

Of the samples 1nfected w1th v1ruses bactena and fung1 dunng the penod fung1 
are the most commonly detectad pathogens rang1ng from 8 4% to 38% over the penod 
Pnnc1pal problems have been Macrophomma and Rhtzoctoma V1ruses were also often 
found 1n the samples lt 1s clear that v1ral1nfect1on (BSMV BGMV and BCMV) rates have 
been dropp1ng 1n recent years Contam1nat1on w1th bactena was low 1n the samples 
except for 1989 and 1990 Xanthomonas campestrts pv phaseolt and Pseudomonas 
syrmgae pv phaseoltcola are the ma1or bactenal d1seases detected 

THE ROLE OF THE GENETIC RESOURCES UNIT TO SUPPORT STRATEGIC 
RESEARCH PLANS OF CIATS PROGRAMS 

The GRU w1ll contlnue to prov1de bas1c raw germplasm as essent1al bu1ld1ng blocks for 
CIAT and other 1nst1tut1on s commodlty research and espec1ally for the1r move 1nto 
strateg1c germplasm 1mprovement over the next decade The need to w1den the genet1c 
base for crop 1mprovement and recent development of methods for more eff1c1ent use of 
wlld germplasm 1mply ma1or expans1on of CIAT s collect1ons Th1s 1s part1cularly true for 
beans and cassava for wh1ch the unlt wlll seek to establlsh comprehens1ve wlld 
collect1ons 

The expanded needs of the Trop1cal Forages program for mult1purpose tree and 
shrub spec1es for pnonty ecosystems wlll requ1re acqU1srt1on of the1r germplasm The GRU 
will ass1st also CIAT s Programs to Introduce soybean and sorghum germplasm w1th 
potent1al adaptat1on to ac1d so1ls 

Research wlll compnse taxonomy cytogenet1cs reproduct1ve b1ology evolut1on and 
genet1c d1vers1ty and establishment of a core collect1on and germplasm conservatiOn 
methodolog1es In almost all1nstances th1s work wlll be done 1n collaborat1ve proJects w1th 
other programs or 1nst1tut10ns 1nclud1ng those 1n advanced research networks 
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TRAINING AND COMMUNICATIONS SUPPORT PROGRAM 

AND 

SEED SYSTEMS DEVELOPMENT 

ANNUAL REPORT 1991 

EXECUTIVE SUMMARY 

Trauung pursues three mstitutional development obJectives (1) to strengthen natlonal 
research capaCity, (2) to strengthen natwnal hnks between research and development and 
(3) to develop subregwnal trammg systems For the first, tramees are Jdentlfied m close 
mteraction WJth NARS and selected strlctly on the basJS of research team strengthemng 
objectives personalJZed trammg programs are des1gned for each tramee One hundred forty 
seven profesSJonals partiCipated m such programs To strengthen natlonal research 
development hnks, two hnes of action are followed dlrect trammg of extenswmsts and 
trammg as part of seed systems development (see below) Trammg of extensJonJSts JS be¡ng 
reduced at the expense of developmg subreg¡onal teams of tramers who will take over thJS 
responsibility Consequently only four m-country courses for extensJonJSts were held m 1991 
wbJie the development of three subreg¡onal trammg teams successfully progressed, namely 
for bean production m Central Amenca, for nce production m the northem Andean 
countiles, and for cassava product10n and uuhzatlon m the Southem Cone The members 
of the Central Amencan Tramers Team for bean production have already conducted e1ght 
courses for extenswnJSts m the DomJrucan Repubhc, El Salvador Hruti Honduras, and 
N1caragua (four courses) The group of ECIIadonan trruners for nce productlon WJII end the 
year WJth three courses dehvered to extenswmsts (plus the first one from the whole senes 
held m the prev10us year) 

The lnformation Umt backstopped CIAT SCientlsts WJth photocop1es of 13 000 doCIIments, 
1100 answers to reference quesuons, and nearly 1 000 hterature searches Externa! users, 
on the other hand, purchased photocop1es of about 12,000 doCIIments, rece1ved answers to 
over 800 reference questions, and were served by more than 2,000 hterature searches These 
are mcrements, over last year of 6% m the output of photocop1es, 21% m reference 
questions answered, and a strJkmg 116% m automated hterature searches The latter two 
1mprovements can be attrlbuted to the Umt s technolog¡cal modermzatlon, and to the 
~mplementatlon of aggresSJve user awareness and traJmng actJVJtles over the last two years. 
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The productiVlty of the Grapluc Arts Urut, which had trebled from about 4 600 camera 
ready pages m 1988 to apprmomately 13 900 m 1990 has mcreased by another 44% (to 
20 000 camera ready pages) SJmultaneously due to the advance m desk top pubhslung 
typesettmg was reduced by 35% 

MaJOr books were produced on TISsue Culture m Agnculture Research for Crop 
Improvement m Common Beans, and Fungal DJSeases m Tropical Pastures. lmportant 
workmg documents were pubhshed on Integrated Cassava ProJects the Contributmn of 
Improved Pastures to Tropical Ammal ProductJon, and Pastures Research m Southeast Asia. 
An<l, of course CIAT's new Strateg~c Plan JS a watershed pubhcatmn m the Center's hfe 

Of CIAT's extensive portfoho of publicatlons, nearly 70 000 copies of penodicals were 
dJStributed close to 5 000 pubhcatlons and 6 000 study guides were sold and more than 
2 000 1tems were donated 

In 1992 the Trammg and Comrnurucatlons Support Prograrn, the Seed Umt, and other 
actJVltles will become the lnstJtutional Development Support Program. In the traJJSltlon 
towards the new arrangement, severa! seed systems development actJVltles conducted by the 
Seed Umt, the Central Amencan and Andean Bean Projects, the Trammg and 
Commurucauons Support Program, and the Tropical Pastures Program have been lmked. 

MaJor progress was made m conceptuahzmg and Implementmg altemat!Ve small scale seed 
supply systems for crops and other plant speC!es of CIA T's mterest which are not served by 
the estabhshed seed mdustry To denve general pnnC!ples for the successful establiShment 
and management of such systems real systems are bemg supported and momtored m SIX 
Latm Amencan counmes. The development of new systems 1s encouraged m severa! other 
countries Seed processmg equipment appropnate to the scale of these systems has been 
developed or adapted, and deployed at nme Sites or mstltutlons m Central Amenca, the 
Canbbean, and the Andean Reg1on. The SI tes are a source of feedback on the equipment s 
suJtabihty and a focal pomt for further dJSsemmatJon of the new technology 
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VIROLOGY RESEARCH UNIT 

ANNUAL REPORT 1991 

EXECUTIVE SUMMARY 

Bean Vll'Ology 

Vrruses remam maJor constramts to bean product10n m the trop1cs due to the mtroducuon 
of new crops and exottc Vlral pathogens mto trad1ttonal bean growmg reg10ns Sorne of the 
newly mtroduced crops are also preferred plant hosts to lOSect vectors or endermc Vlfllses 
Last, the mcorporatton of certam genes for Vlrus res1stance m liDproved bean culttvars lS 
creattng unexpected pathogemc problems Wlth sorne of the more recendy mtroduced VlfUSes 
As examples we can ate the mtroductJ.On of exottc stralOS of cucumoVlfllses (aphld and 
seed borne Vlruses of the cucumber mosruc Vlrus group) adapted to legummous hosts These 
VlfUSes are now Wldely d1str1buted m Lattn Amenca and have already been detected m 
bean productlon countrles of Afnca and As1a, partlcularly Chma These cucumoVlfUSes 
possess a very broad pathogeruaty spectrum m Phaseolus vulgans Also a temperate 
(northern) Vlrus alfalfa mosruc VlfUS was detected thls year for the first ttme m Chlle 

Bean golden mosruc V1fUS (BGMV) conttnues to spread m Lattn Amenca as a result of the 
expans10n of export crops such as soybean, tomato tobacco and others whlch act as 
preferred hosts to the wh1tefly vector of the VlfUS Th1s factor together Wlth the occurrence 
of dry warm condlt10ns often result m excess1ve V1fUS pressure and s1gmficant y¡eld losses 
even m fields planted to BGMV tolerant cult1vars 

The deployment of monogemc dormnant res1stance to bean common mosruc V1fUS (BCMV) 
has been a producuve strategy m Lattn Amenca for over two decades Recently however 
severa! Central Amencan bean culuvars wh1ch possess thls type of res1stance have been 
suffenng severe attacks by beetle borne Vlfllses of the comoVlfUs group These V1fUSes 
referred to as the severe mosruc VlfUS complex, conslStently mduce necros1s and 
considerable plant d1Stort10n m dormnant (1) gene culuvars whlle BCMV susceptible bean 
genotypes seldom exhlb1t these severe symptoms We Wlli therefore 1IDplement a new 
breedmg strategy for BCMV and comoV1fUSes m general as of next year 

Regardmg the geneuc control of bean Vlruses the VRU has been acuvely cooperattng Wlth 
bean breeders m the selectlon and ut1hzat10n of new germplasm sources of V1fUS reslStance 
for breedmg purposes Add1t10nally and for the first ume a bean plant has been genetlcally 
transformed by mcorporauon of three d1fferent genes ( GUS gene herb1ade (Bar) reslStance 
and the coat protem gene of bean gol den mosruc VlfllS We are awruttng perrmss10n to use 
transformed bean seeds m BGMV screemng tests to evaluate the vrral coat protem medlated 
plant reslStance approach engmeered by AgracetllS (a pnvate b10technology company) the 
Plant Pathology Department of the Uruvers1ty of WlSconsm, and the Vrrology Research Umt 
of CIAT Wlth USAID fundmg 



Cassava Vll'Oiogy 

The VRU has the responsibihty to mvestlgate the d1seases of cassava that are caused by 
vrruses or vrrus hke agents There are four mam d!Seases that are caused by the followmg 
vrruses or vrrus hke agents They are the frogskm and Canbbean mosruc dlsease complex 
(vrrus hke agents) cassava vem mosruc vrrus (CVMV) cassava common mosruc vrrus 
(CCMV) Afncan and Ind1an cassava mosruc Vlruses (ACMV & ICMV) 

Progress has been made on the Jdentlficatwn of phytoreovrrus hke agents assocrated With 
FSO and CMD VIrus hke particles and vrroplasm hke bodies have been fmmd m affected 
plants Consistently nme ds RNA segments are found m the affected plants The 
hybndlzatlon studies proVIde eVIdence that the ds RNAs assocrated With FSO and CMD are 
either Identlcal or closely related The whitefly Bemzsza tuberr:ulata appears to be the vector 
of these phytoreovrrus hke agents A cONA probe has been developed to Identúy rapidly 
the ds RNAs assocrated With this d!Sease complex The research on FSO and CMD are 
contlnumg and the mvestlgations are centered on confirrrung the assocratlon of the 
phytoreovrrus hke agents and the entlre complex of disease symptoms 

The sequencmg of CCMV IS nearly complete The vrrus 1s 6400 bases m length and It IS 
most closely related to potato VIrus X (PVX) Most of the sequencrng of CCMV was done 
at the VRU m CIAT and th!S IS perhaps the first plant vrrus to be sequenced m Latm 
Amen ca. 

Cassava vem mosruc vrrus IS most prevalent m the northeastem states especrally m the hot 
semiand zones where It lS not unusual to find more than 50% of the plants mfected With 
CVMV Smce the vrrus lS not present m Colombia, al! work on thls vrrus had to be done 
m Brazil A cONA clone to CVMV has been obtruned, and tlus will facrhtate efforts at 
molecular charactenzatwn and the development of rapid diagnostic tests 

Afncan cassava mosruc Virus lS the most destrucuve cassava vrrus m the world Efforts are 
bemg made to find new sources of resistance through the CIAT liTA cooperauve project 
The Identlficatwn of ACMV resistant gennplasm adapted to tropical Amenca will be a 
safeguard agamst the possible establishment of ACMV m thts hemiSphere 

Bestde the maJOr diseases there are seven other known vrruses that mfect cassava most of 
wluch are symptomless V!ruses that are not known to cause disease 01agnost1c methods are 
available at CIAT to the four vrruses that cause d1seases and to the three symptomless 
vrruses found m Latm Amenca. These diagnostic methods help assure the safe movement 
of cassava gennplasm, and research Will contmue to develop even more sensitive detectwn 
methods 

The control of vrral d1seases requtres e1ther the Identillcatwn of res!Stant gennplasm or the 
IIDplementauon of cultural pracuces that IDitlgate disease losses Most VIral diseases are 
controllable With the current technology and contlnued development of rapid dlagnosuc 
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techmcs together With the deployment of res1stant germplasm should further reduce the 
losses caused by vuuses 

Rice VU"Oiogy 

The genonuc charactenzauon of RHBV IS progressmg With the completlon of the 111 vúro 
translatlon experunents and the successful cDNA clorung and sequencmg of RHBV A 20K 
protem encode by the RNA 3 anda 17K protem encoded by RNA-4 were 1dentlfi.ed by the 
111 vúro translauon experunents The 17K protem was shown to be the mcluswn body 
pro te m. 

A complementary DNA (cDNA) hbrary to RHBV has been prepared and approxrmately 
3 000 bases of the RHBV genome has been sequenced Non structural protems on RNA 3 
and 4 have been 1denufied and share 50-60% d1rect anuno aCid homology With the 
eqwvalent protems encoded by RStV and MStV 

AnalysiS of the 111 vúro stud1es and the sequence md1cates that RHBV has a genonuc 
orgaruzatlon that IS s!nular to other members of the tenulVIruses The genonuc orgaruzat10n 
of RNA 3 and 4 appear to be ambiSense Each speCies encodes one protem from the 
ss RNA that IS encaps1dated m the vmons They also encode a protem on the 
complementary strand which makes both speCies protem encodmg (sense) strands From 
the 111 vúro data, It appears that the RNA 1 and 2 encode protems on only one strand and 
that the negatlve sense strand are the encaps1dated ss RNA speCies 

The clornng and sequenCing of the RHBV RNA 2, 3 and 4 are expected to be completed 
durmg the next year This will nearly complete the prunary moleCll!ar charactenzatlon of 
RHBV and will be a basiS for a better understandmg of the diversny ep1denuology and 
effecnve control strateg¡es of RHBV 

Trop1cal Pastures VU"Ology 

Potyvuuses are ub1qwtous pathogens of tropical forage leg¡¡me speCies such as Centrosema 
spp ArachLS p111t01 and Stylosanthes spp Consequently CIAT has developed rehable 
serolog¡cal tecbmques to detect the vanous potyvrruses detected to date m these speCies 
Usmg these techmques potyvuus free seed or asexual reproduct1ve matenal has already 
been produced under screenhouse conditlons This year a survey of A pllltoz field plots 
planted With vzrus free reproducnve stock produced at CIAT showed that It IS possible to 
estabhsh and mamtam a vuus free forage leg¡¡me field as concluded from the absence of 
potyvuuses m these fields We expect to plant sinular tnals With four Centrosema speCies 
next year 
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A vrral dlSease was detected for the first t1me m a forage grass Brachzana bnzantha The 
causal agent was shown to be an aph1d borne potyvJ.rus which mduces strealang and nng 
formauon m susceptible access10ns Th1s vrrus can also establlSh latent mfectlons m sorne 
Brachzana sp access10ns A prehmmary survey suggested that this potyvJ.rus has a Wlde 
geographical d1stnbut1on, and current research seeks to estabhsh 1ts relatlonship Wlth 
prev10usly reported potyvrruses of Brach1ana spp such as sugarcane mosruc and mau:e dwarf 
mosa1c Vlruses 
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BIOTECHNOLOGY RESEARCH UNIT 
AHHUAL REPOR'l' 1991 

EXECUTIVE SUMMARY 

In 1991, the B1otechnology Research Un1t (BRU) has success
fully cont1nued to 1ntegrate efforts w1th CIAT's programs 1n the 
constant pursu1t of develop1ng germplasm well adapted to selected 
agroecosystems, the spec1f1c role of the BRU be1ng the appl1cat1on 
of modern b1olog1cal and b1ochem1cal technology to address cr1tical 
research constra1nts 1n product1v1ty and stress tolerance The 
act1v1t1es of the BRU can be subdiv1ded 1nto the follow1ng 1nter
related areas ( 1) character1zat1on and ut111zat1on of genet1c 
variab1l1ty, (2) research on crop product1v1ty, (3) mechan1sms of 
plant adaptat1on to the env1ronment, (4) 1nst1tut1onal bu1ld1ng 

1 CharacterJ.zatJ.on and Ut1l1zat1on of Genet1c Var1ab1lity 

1 1 Molecular Mapp1ng of Crops 

A sol1d basis has been worked out for the upcom1ng project of 
the molecular mapping of the cassava genome A bas1c set of 
polymorph1c markers from cassava genom1c l1brar1es has been 
selected within the frame of an IBPGR sponsored proJect Now, w1th 
support from the Rockefeller Foundat1on, we are go1ng 1nto the 
generat1on of the l1nkage map us1ng these markers The map will be 
useful 1n the characterization of genet1c var1ab1l1ty 1n cassava, 
and will ass1st in future breed1ng proJects 

A hundred clones from a common bean cONA l1brary have been 
selected to complement the ex1st1ng bean maps generated by e E 
ValleJos (Ga1nesv1lle FL) us1ng genom1c clones (th1s map conta1ns 
about 200 markers by now), and P Gepts (Oav1s, CA) The saturat1on 
of the map 1s an 1mportant goal as 1t 1s a prerequ1s1te to get 
t1ght 11nkages 1n future gene tagg1ng proJects The level of 
polymorph1sm of the selected clones 1s currently be1ng analyzed 
us1ng selected parental lines The genome of tepary bean w1ll be 
mapped as part of a proJect, 1n collaborat1on with the Un1versity 
of Ghent, Belgium wh1ch 1ncludes the character1zation of 
resistance factors aga1nst bruch1ds 1n beans RFLPs (Restr1ct1on 
Fragment Length Polymorphism) as well as RAPOs (Randomly Amplif1ed 
Polymorpbic ONA) will be used for this purpose 

The genome size is an important parameter 1n mapping studies 
In a collaboration Wl.th the Rice Program (C Martinez) and tbe 
Un1vers1ty of Cornell, flow cytometry was used to assess nuclear 
ONA contenta of P vulgar1s, P acut1folius and P lunatus The 
genome size seems to be smaller than expected Oifferences were 
observad between w1ld and cult1vated access1ons, wbile no rela
tionsh1p was found between genome and seed s1.ze as had been 
speculated 



2 

The mapp1.ng of Brach1.ar1.a has been recogn1.zed as a h1.gh 
prl.orJ.ty proJect by the Pastures Program, apoml.Xl.S be1.ng one of the 
targets for gene tagg1.ng contacts have been establJ.shed w1.th the 
Salaminl. group at the Max-Planck-InstJ.tute in Cologne for thl.s 
mapp!ng project We w1.ll start by select1.ng parentals and prov1.d1.ng 
a set of polymorphic markers The RAPO techn1.que will be used to 
generate a primary map 

1 2 Molecular Fingerprinting of Patbogen1c ~croorgan1sms 

The f1ngerpr1.nting of r1ce blast (PyrJ.cularJ.a oryzae), whl.ch 
J.s a cooperat1.on between Rice Patbology and Purdue Un1.versity, has 
been a very successful project open1.ng the doors to detaJ.led 
stud1.es on genet1.c varJ.abJ.lJ.ty and stabil1ty of the r1ce blast 
fungus 

Another very successful ongoJ.ng project 1.s the fJ.ngerprinting 
of xanthomonas campestrl.s pv phaseoll. utJ.lJ.zing molecular probes, 
developed through a cooperatJ.on between Bean Patbology and 
WJ.sconsJ.n 

Both proJects are beJ.ng contJ.nued at CIAT in close colla
boratJ.on with the BRU The results achJ.eved so far and the 
experJ.ence gained by the programs have led to new J.nJ.tJ.atJ.ves 
concernJ.ng three fungal pathogens, which are the causatJ.ve agents 
of Angular Leaf Spot D1.sease and Anthracnose J.n beans, and 
Anthracnose in Stylosanthes, respectJ.vely The hJ.gh degree of 
observed varJ.abJ.lJ.ty of these pathogens JUstifJ.es the efforts being 
undertaken A better understandJ.ng of the epidem1ology and 
phylogeny wJ.ll assist 1.n the desJ.gn of new resJ.stant varJ.eties and 
J.ntegrated pest management 

1 3 cryopreservat1on 

cryopreservation has reached a very advanced stage now We are 
able to regenerate up to 70% of material stemm1ng from frozen shoot 
tJ.ps The experimental development of this IBPGR sponsored project 
was successfully finl.shed this year We have gene now into testing 
the applicability of the methodology to multiple genotypes of the 
collection The 1.mportance of this project resides in the stable 
long-term storage of such a unique germplasm collection as CIAT's, 
thus solving a logJ.stic problem and conserving potentially useful 
germplasm for future breeding programs 
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The f1nal application of any genet1c map 1s 1ts use in 
breed1ng We have been very successful 1n us1ng molecular markers 
from the r1ce map (acqu1red from S Tanksley Cornell Un1versity) 
to map res1stance loc1 for the R1ce HoJa Blanca V1rus (RHBV) and 
R1ce Blast For tagg1ng resistance genes to blast, bulk analysis of 
suscept1ble and resistant doubled haplo1ds was performed The RAPO 
markers l1nked to blast res1stance are currently be1ng checked on 
larger F2 populat1ons and add1t1onal doubled haplo1d lines from the 
same cross We have gone very early 1nto the ut1l1zat1on of brand 
new techn1ques, e g RAPO, wh1ch are very prom1s1ng as to the1r 
d1rect appl1cab1l1ty 1n breed1ng programs, because of the1r s1mp11-
c1ty and the1r potent1al to handle large numbers of crosses, a 
major constraint to other technolog1es 

In beans we are aim1ng at tagg1ng the resistance loc1 aga1nst 
BGMV and the Common Bean Weev11 Another 1mportant issue will be 
the merg1ng of the bean maps generated by Vallejos (Ga1nesville 
FL) and Gepts (Oav1s, CA), which will lead toa more saturated map 
The RAPO technique, combined with the bulk screen1ng method, 1s 
currently be1ng used to tag the res1stance locus to the Kappa race 
of anthracnose 

2 2 Interspecif1c Hybr1dizat1on 

The 1ntrogression of tepary bean (Phaseolus acut~fol~us) 
character1st1cs 1nto common bean us1ng a congruity backcross 
approach has advanced further th1s year The fourth congru1ty 
backcross generat1on (CBC4) has now been crossed w1th P vulgaris 
and the first result1ng embryos from that cross are presently be1ng 
grown 1n v1tro The goal of th1s recurrent cross1ng scheme is to 
force recomb1nat1on between the two genomes as to atta1n fert1le 
and commerc1ally useful plants with important tepary bean traits, 
l1ke drought and heat tolerance, as well as Empoasca and bacter1al 
bl1ght resistance We have already morpholog1cal and b1ochemical 
evidence for stable 1ntrogress1on of tepary bean 1nto common bean 

2 3 Genet1c Transformation 

Genetic transformation is a prerequis1 te for the non-classical 
introduction of useful traits into plants Such tra1ts 1nclude at 
the moment genes for 1nsect res1stance, protect1on against viral 
1nfection, and herb1c1de resistances Sources of res1stance aga1nst 
fungal pathogens, genet1c manipulat1on of prote1n contents, genes 
1ead1ng to cold-tolerance these are sorne of the upcom1ng new 
poss1b1lit1es for the future 
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The forage legume Stylosantbes gu~anensis has been success
fully transformad for the f~rst t~me ~n our laboratory us~ng a 
construct wh~ch ~ncludes two selectable marker genes that confer 
res~stance to an ant~b~otic and a herb~c~de and a scorable marker 
gene whose express~on can be detectad by a h~stochem~cal assay 
Regenerated plants have conservad the~r herb~c~de res~stance trait 
The mendel~an segregat~on of the trait ~s presently being studied 
~n the Fl progeny ~n the greenhouse 

Another pasture, Bracluar~a, ~s pass~ng through the f~rst step 
that ~s needed for successful transformat~on regenerat~on 
Bracluar~a has responded very well to prel~m~nary experimenta 
deal~ng w~th somat~c embryogenes~s, thus we can now start phase 
number two, which ~s the introduct~on of fore~gn DNA and selection 
of the transgenics Another crop that ~s respond~ng well to 
prel~m~nary regeneration exper~ments ~s r~ce In a collaboration 
between the ~ce Proqram and the BRU, viable protoplasts have been 
successfully ~solated from ~nd~ca type r~ce embryogen~c suspens~on 
cultures stemm~ng from mature seeds Regenerat~on experimenta are 
underway Protoplasts are amenable to direct DNA transfer, and have 
been used to produce transgenic r~ce of the Japon~ca type 

In beans we have adaptad a powerful regenerat~on protocol 
start~ng fromcotyledonary nodes The organogenic meristemat~c r~ng 
~n the cotyledonary area will be a target for Agrobacterium
med~ated or d~rect DNA transfer Virulent Agrobacterium strains 
have been selected after a met~culous screening procedure, as well 
as suscept~ble bean cult~vars Adventit~ous shoot formation has 
been h~stolog~cally demonstrated Trans~ent gene expression of a 
scorable marker gene has been detectad after ~nfect~on w~th 
Agrobacterium and after particle bombardment w~th DNA coated 
tungsten m~cropro)ect~les 

cassava can be regenerated from secondary embryos forming on 
embryogen~c calli stemm~ng from apical meristems Th~s ~s presently 
our target tissue for transformation exper~ments using Agrobac
terium and the particle gun 

2 4 Doubled Baploids 

The ~ncorporation of pollen derived doubled haploids into 
breeding programa reduces the time to obtain fixed lines to two 
generations of selection without affecting genet~c variability and 
stability The Rice Proqram ~s using anther culture to introgress 
early gra~n maturity and good grain quality into cold tolerant 
germplasm, to ~ncrease the recovery of useful recombinants from 
wide croases, to fac~litate the transfer between savanna and 
~rr~gated materials, and to produce f~xed lines for the mapp~ng of 
resistance gene loe~ We have been able to achieve a 35 fold 
enhancement in the product~on of green plants from ~nd~ca types, 
wh~ch had proved unrespons~ve to anther culture up to now This has 
been a constra~nt part~cularly in the breed~ng for ~rr~gated r~ce 
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2 5 Somaclonal Variat~on 

14 Stylosanthes guianens2s somaclonal lines generated through 
1n vitre regenerat1on have been testad for the1r agronomic perfor
mance A ma1n goal 1s the search for planta tolerant to ac1d soils 
Some of the l1nes have shown super1or agronom~c performance than 
the check, others have shown some spec1al morphological 

characteristics, l1ke dwarfism, chlorot1c fol1age, 1-2 leaflet 
leaves, and one tetraploid line These traits have shown to be 
inher~table through four generations 

2 6 ut~lizat~on 

Another top1c that 1s related to productivity, 1s the 
fermentation of cassava starch to produce bitter starch Th1s 
art1sanal product 1s very 1mportant for Colombia, and needs 1nput 
with respect to well def~ned parameters and poss1bly 1nocula, to 
enhance starch quality and reproduc1b~l1ty of the process Together 
with the Cassava Ut1lizat1on Un1t ~n a collaborat1ve project with 
CIRAD/CEEMAT (France), the BRU has been working on the character
ization of ~crobial amylolytic activit1es 1nvolved 1n the process 
This results, added to the stud1es be1ng done at the m1crobio
log1cal and physicochem1cal levels, w~ll prov1de a more accurate 
picture of the fermentation process, wh1ch is not a simple one, as 
we are deal1ng with a solid state fermentation and mixed m1crobial 
populat1ons 

3 Me~sms of Plant Adaptation to the Environment 

3 1 Res1stance to Pests 

A major constra1nt in bean storage 1s the bruchid Acantho
sce12des obtectus or Common Bean Weevil Very few resistant 
access~ons have been found ~n wild beans collected 1n only a small 
number of locat1ons in Mexico Res1stance has also been found in 
wild lima and tepary beans A few years ago res1stance to the 
Mexican Bean Weevil (Zabrotes subfasciatus) was found in a sim1lar 
way After 1dentif1cat1on of the factor involved, a protein from 
the lect1n family named arcel1n an immunoassay was developed that 
accelerated breeding enormously We have set for the identificat1on 
of the factor involved in the resistance to the Common Bean Weevil 
Some promising results have been obtained with a prote1n fract1on 
stemming from the resistant accessions, that leads to high 
mortality rates in insects feeding on art~ficial seeds enr1ched 
with this fraction Other approaches include the analysis of 
1nh1b1tors of d1gestive enzymes, as well as other types of 
biomolecules, us1ng separat1on techniques like HPLC and other 
analytical tools, combined with enzymology and feed1ng experimenta 
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In a sJ.mJ.lar way we are looking for an antJ.bJ.otJ.c factor 
J.nvolved J.n the resJ.stance agaJ.nst the spJ.ttlebug J.n Brachiar~a, 
together WJ.th the Pastures Entomology group A phytoacdysteroid has 
been postulated as the putatJ.ve resJ.stance factor, due to the 
observad effects on the insact, whJ.ch rasemble ecdysone actJ.on on 
the development of the insact We are tryJ.ng to develop an immuno
assay for positJ.ve idantifJ.catJ.on of the substance as wall as for 
the davelopmant of a scraenJ.ng procedure to assJ.st J.n breedJ.ng 
programa 

3 2 PhotosynthesJ.s 

cassava is well known "for J.ts drought and heat tolerance 
Together with the cassava PhysJ.ology group, we are J.nterested J.n 
the adaptatJ.on machanJ.sms of cassava for dealing WJ.th thJ.s climatic 
constraJ.nts without loosJ.ng productJ.vJ.ty Cassava has shown some 
photosynthetic characterJ.stics that range between typJ.cal CJ and C4 
plants AdditJ.onally to the physJ.ological experJ.ments being per
formed, we want to analyze possJ.ble compartmentalization of 
photosynthetic enzymes J.n the leaf by in situ hybridization, using 
labelled gene probas We have shown that a high degree of homology 
exJ.sts between maize and cassava photosynthetJ.c genes by hybrJ.
dization techniques (maJ.ze clones from T Nelson, Yale) We are J.n 
the process of generatJ.ng a genomJ.c cassava lJ.brary from whara we 
want to fish out the correspondent cassava clones, as heterologous 
probes are not useful for in situ hybrJ.dizatJ.on A mechanJ.stJ.c 
explanation of the phenomenon WJ.ll aJ.d us J.n saarchJ.ng for batter
performJ.ng genotypes in the cassava collectJ.on as there J.s 
varJ.ation of tha physJ.ologJ.cal parameters among them 

4 Institutional BUJ.lding 

4 1 Natworking 

FJ.nancJ.atJ.on of the Advanced Research Network for Cassava by 
the Dutch Government has been confirmad Tha budget J.ncludes the 
posJ.tion of a coordJ.nator, who will be placad at CIAT, the 
publJ.shing of a newsletter, and bridging funda for the initiation 
of pro)ects A meeting of the members of the network is scheduled 
for 1992 in Cartagena 

Some members of the Steering Committee of the Advanced 
Phaseolus Baans Research Network (founded in September 1990) met at 
the BIC Meeting in November in Nebraska, to discuss the needs of 
the network A recommendation was made for CIAT to actively seek 
for potential donors for the network 
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4 2 Tra~ning 

Four PhD students have been do~ng practica! research at the 
BRU Alvaro Kejia (Bonn Un~vers~ty, FRG, fundad by the BMZ), who is 
working on the tepary bean introgress~on ~nto common bean using 
congruity croases and embryo rescue techniques, and on regeneration 
from embryogenic suspens~on cultures Martina Korban (McGill 
University, Kontreal, fundad by IDRC), who has been work~ng on bean 
regeneration and transformat~on Bill Welsb (University of 
Manitoba, W~nn~peg, fundad by CIDA) is work1ng on the character-
1Zat~on of recombinant 1nbred lines from crosses between Meso
amer1can and Andean gene pools Rodr1go Hoyos (M1chigan State 
Univers1ty) spent some time work1ng on regenerat1on of bean plants 
from embryogenic suspension cultures 

It is already a trad1tion for biology and agronomy students 
from the Universidad del Valle and the Un1vers1dad Nacional de 
Colomb1a, Secciona! Palm1ra to do the1r thesis research at the 
BRU The~r one year research work usually reaches levels of MSc 
thes1s elsewhere 

The BRU has organ1zed introductory courses to Molecular 
Genet1cs for CIAT's programa, as to acqu1re a common language that 
w~ll facil1tate exchange of ideas, and to make clear what k1nd of 
contributions the BRU could make to their specific problems on the 
other hand, we have been offered introductory courses to different 
areas of the programs, like breeding and pathology, for the sama 
purpose 

4 3 B1osafety 

The BRU assumed a maJor respons1bil1ty 1n the ed1ting of the 
Inst1tut~onal B~osafety Gu1del1nes These have been approved by 
externa! highly qual1f1ed reviewers, thus representing the state
of-the-art situation of biosafety regulations in the world We are 
already in contact w1th representanta of the Colombian government, 
in order to develop national regulat1ons 1n the sp1rit of reaching 
uniform regulations all across Latin America, observing the highest 
standards of developed countries 
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SECTION ONE PROJECf SUMMARY 

A. Ex;pected outcomes of the ProJect 

The overall goal of tlns proJect 1s to IIDprove the welfare of small farmers m poor 

rural commumtles by mstltutlonahzmg therr active role through partlcrpatory methods m 

generatmg appropnate agncultural technology for therr commumty 

The development of local leadership for farmer pamcrpat10n m agncultural 

technology development requrres the project to build skills expenence and confidence 

among a1l part1crpants m order for farmers to be recogmzed by the screntrnc commumty as 

capable partners m adaptlve technology testmg 

Implementmg parucrpatory methods for adapt1ve technology testmg at the commumty 

leve! will generate documented expenence and systematlc methodology wh1ch the project 

dlstills mto trammg matenals These matenals are the basiS for d1ssemmatmg and 

muluplymg the approach 

Another outcome of this proJect IS the IIDplementatlon of a commumty based 

orgaruzatlonal strategy for farmer partlcrpatlon m adaptlve technology testmg, mvolvmg the 

creatlon of farmers local agncultural research commlttees Settmg up sustamable farmer 

committees for adaptlve research m rural comiDittees requrres the project to construct a 

completely new methodology for the orgamzat10nal model or 'bluepnnt for farmers 

comiDittees 

ThiS orgamzatlonal model could be called a socral technology wh1ch the prOJect IS 

developmg As such the orgamzatlonal model can be (and mdeed a!ready 1s bemg) adopted 

by other mstltutlons Expenence IS suggestmg that the orgaruzauonal model IS the 

mdlspensable or necessary condlt10n for buildmg a tru!y pamc1patory and sustamable 
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commumty based capaClty for managmg technolog¡cal mnovauon m agnculture and that tlus 

will be a very sigmficant output of the proJect 

CIA T expects that farmer partiClpation will Improve access to new technology for an 

estunated 1 600-3 200 farm famllies durmg the hfe of the proJect Improved welfare of small 

farmers and farm commumties will result from drrect food and mcome benefits generated 

by adoption of locally adapted technology 

B Strategy and actlVIties 

The proJect s strategy 1S to Implement farmer partiClpation methods for adapt!Ve 

technology testmg Wlth commumty commlttees of exper1menung farmers and to lmk these 

comm~ttees Wlth pubhc sector agnClilturaJ research agenCles (hke CIAT) V!a mtermediate 

orgamzauons (hke NGO s and farmer cooperattves) 

The project strategy enVIsages expandmg the number of commumues lmked mto 

farmer partiClpation m agnClilturaJ technology generation V!a commumty to commumty 

transfer and trammg, supported by NGO s Trammg farmer and staff of NGO s and other 

orgamzattons m farmer part!Clpatwn methods for thls purpose IS part of thiS strategy The 

trammg ant!Clpates development of an mnovattve trammg package to better prepare farmers 

for takmg part m exper1mentaJ research 

Technology testtng Wlth farmer committees IS m three mam areas vanetaJ testtng 

soil conservatton and mtegrated pest and disease management 

The mtegration of commumty based technology testmg Wlth marketing 1s an 

Important element m the proJect s strategy Th1s approach 1s bemg tested first Wlth bean 

vanetaJ selection, bean seed productlon and marketmg and commerClaJ gram productlon 

and marketmg 
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Formatwn of Farmers Local Agncultural Research Comrmttees 

The project proposed to create up to SIX farmers Local Agncultural Research 

Comrmttees (CoiDltés de InvestlgaCion Agricola Local CIAL) m each of three types of 

mstitutwnal settmg mformal groups hnked With NGO s m local government structure and 

m local farmer assoCiatlons or cooperat!Ves 

SJX CIAL were IIDtlated m member assoCiatlons of a reg¡onal farmers marketmg 

orgamzauon, CORMAC sponsored by the Coffee Growers FederatiOn Of these two 

comrmttees did not contmue because there was fncuon m the commurntles over control of 

the comrmttee However three other assoCiatlons of CORMAC have smce requested CIAL 

Five CIAL were proposed m mformal groups of agncultural NGO s The reg¡onal 

development NGO CORPOTUNIA, sponsored by the CarvaJal Foundatlon of Cah 

(Colombia) set up a new program called Programa CIAL. m IDld 1991 It undertook the 

formation of eight CIAL together With the project 

In the local government settmg the proJPct has encountered complete resistance by 

farmers to the Idea of hnkmg therr commurnty CIAL to local government rnfead farmers 
1 

want to form therr own assoCiatlons and to sponsor a CIAL as a nucleus of this effort The 

proJeCt formed CIAL With five commurntles on this basiS With an understandmg With the 

CarvaJal Foundauon that the Programa CIAL IDlght take on these CIAL If the 

commurntles so WISh It appears that thls IS not an auspiCious time to test the CIAL With 

local government m the pilot site and that thiS situatlon IS not hkely to change m the short 

run. 



BEAN PROGRAM 1991 EXECUTIVE SUMMARY 

lptroductiOn 

All the research and trammg actlVlties of CIAT m collaboratiOn With nat10nal 

programs have the clear goal of leadmg to mcreased sustamable productlVlty of beans 

Great progress has been made and nat10nal programs have selected and released 

unproved vanetles from CIAT that now cover sorne 400 000 ha, and m 1990 hada value 

of mcreased product10n of well over $50 000 000 Attnbuting JUSt half of the benefits to 

CIA T mvestment m CIA T bean research for Latin Amen ca smce the program s mcept10n 

m 1974 has yielded arate of return of 15% wlnle m 1990 benefits were almost four times 

total Bean Program expenditures 

Adoption studies show clear eVJdence that new technolog¡es are commg out of 

national programs and are bemg utJhzed by farmers In Rwanda over 10 000 hectares are 

estimated to be sown m the ISAR released chmbmg bean vanety Umubano The 

mcreased annual value of production due to thls vanety mtroduced by CIA T covers the 

annual cost of ISAR bean research plus all costs of CIA T operations m the Great Lakes 

reg¡on 

In Brazil EMGOPA OURO dJstnbuted by EMBRAPA CNPAF and bred at 

CIAT has achleved such a volume of product10n that It JS now recogruzed as a maJOT 

market class m the Sao Paulo commodity exchange Farm leve! surveys confina 

Widespread farmer sowmg of thJS vanety Moreover other modero vanetles from CIA T 

have been selected by EMBRAP A and are now bemg Widely grown m Espmtu Santo and 

R10 de Janerro states 

Benefits WJJI continue to mcrease m the future In 1991 new vanetles from CIAT 

were dJstnbuted to farmers by natJonal programs m BoliVIa, Brazil Colombia, Ecuador 

Rwanda, Tanz.ama and Venezuela 

---------
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Research H1ghhghts 

In keepiDg With CIA Ts Board and T AC approved strategic plan, the Bean 

Program IS IDtensifymg 1ts work on abiOtic stresses and further explmtmg the potentml of 

new biOtechnology: techruques 

Screerung of germplasm access10ns mcludmg Wild and weedy ty:pes has Idenufied 

a number of matenals adapted to low phosphorus smls Low P tolerance has long been 

known to eXIst ID the Mesoamencan gene pool but recently CIA T has d1scovered good 

matenals m the evoluuonanly d1stant Andean gene pool The mecharusrns confernng low 

P tolerance could be diStinct m the two pools and Andean germplasm has never before 

been used for this purpose An Imtlal cross mcludmg both Andean and Mesoamencan 

parents produced the h1ghest y:Ieldmg F3 populatiOn under P stress Tius suggests that 

there IS mdeed great potential ID the Andean matenal and that there Is sigiUficant 

prorruse ID undertakmg dúficult crosses between the d1fferent gene pools 

Substanual progress IS also beiDg made m the 1mprovement of bean genoty:pes for 

biO!o¡pcal rutrogen fixation Low fiXIng culuvars have been brought up to the leve! of 

good fixers through a scheme of IDbred back crossmg In other work, efforts are bemg 

made to IIDprove fixauon of best fiXers Here the approach 1s rely:mg on combimng 

different trruts assoCiated With BNF Th1s year It was found that early and late 

nodulauon are both hentable trruts Furthermore It was shown that early nodulauon and 

maXIIDum nodulauon are controlled by different genes Thus It IS now clear that 

different trruts assoCiated With BNF are hentable and genetically d1stmct clearly operung 

the way to IIDprove BNF plateaus through combimng the different trruts 

For the first ume !mes bred for water defiCit/drought adaptation have been coded 

In two seasons these SEO !mes have outy:Ielded tolerant checks by as much as 500-1000 

kgs under water defiCit stress Moreover for the first time sigmficant narrow sense 

hentabillty (h2) for y:Ield under drought has been observed ranging as h1gh as 75 Thus 
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the potenual for makmg breedmg progress agamst water defiCits has been strongly 

confirmed 

Common bean IS cons1dered a short day crop m that It completes Its lúe cycle 

!lfider a 12 hour day length Under long days many bean culuvars show an mtermediate 

to mghly sensiUve reactiOn by delaymg flower or not flowenng at all Neutral !mes 

however flower normally under long or short day lengths The mhentance of 

photopenod response m beans was stud1ed usmg two sets of d1alled crosses tested llfider 

12 and 16 h day lengths Neutral by mtermed1ate and mtermed1ate by sens1Uve crosses 

each showed a smgle gene mode of segregatiOn, where the mtermediate response was 

dommant over neutral!ty and the sens1Uve response was dommant over the mtermediate 
1 

Neutral!ty was mhented as two recessiVe genes one of wh1ch was apistatic over the other 

Crosses between neutral Mesoamencan and Andean lmes showed no segregauon for 

photopenod response md1catmg that the genes controlhng neutrality m the two gene 

pools are the same 

This year the Bean Program cloned the DNA for the angular leaf spot fungus and 

developed a recombmant plasiDJd hbrary The hbrary was part1ally screened for DNA 

probes for the detectiOn of RFLPs between Jsolates of the fungus So far 24 probes have 

been found 1denufymg polymorph1srns all of wh1ch mdicate a clear diVISion of Isolates 

mfectmg bean cult1vars m the Mesoamencan gene pool and culuvars from the Andean 

gene pool Th1s findmg supports the hypothesiS of coevolutwn of beans and angular leaf 

spot, wmch could have sigruficant IIDphcauons for the deployment of resiStance genes 

A maJor break through occurred m early 1991 when fore1gn genes were 

successfully mtroduced mto beans through geneuc engmeenng In a collaboratJve proJect 

between CIAT and the Umversity of Wisconsin, Agrocetus Inc ut1hzed a part1cle 

accelerator to mcorporate VIral DNA mto beans Th1s proJect offers the proiDise of 

IIDproVIng res1stance to Bean Golden Mosruc VJIUs as well as Illustratmg the practical 

effecuveness of a bwtechnolog¡cal techmque for generatmg transgemc plants 
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The Important bean pathogen common bactenal bhght has not been known m the 

past to possess dlstmct races or to be lughly vanable Last year though It was reported 

that CBB has sufficient vanabihty to class mto XCP xanthomonads separately from XCPF 

xanothomonads m bean breedmg In 1991 additlonal work With RFLPs clearly 

demonstrated that there IS substanual geneuc vanabihty present m the two populatwns 

of pathogens PathogeruCity tests also confirmed that the populauons are not clona! The 

eXIstence of this prev10usly undetected vanabihty m the pathogen could have ¡mphcauons 

for bean breedmg and the probes developed m this proJect can be useful m Identlf'ymg 

dlfferent Isolates of the pathogen 

Sml borne pathogens are becommg a greater constramt to bean producuon m the 

Great Lakes regwn of Afnca Cultural practices are an essential component of any 

effecuve strategy to overcome root rots Last year It was reported that orgaruc 

amendments to the sml m the form of leucaena leaves and tWigs were effectiVe m the 

greenhouse m reduCing root rot seventy and rrusmg y¡elds On farm trials m two seasons 

m Rwanda confirmed this year that m actual farmer conditiOns leucaena green manure 

sigruficantly reduces root rot mCidence and mcreases bean y¡ e id 40 60% Further on farm 

trials are now bemg conducted m Rwanda to find the mimmum quantlty of leucaena 

needed to be effecttve agrunst root rots 

J 
In work on the bean stem maggot, the pnncip'l<( msect pest of beans m Afnca, of 

29 hnes prevwusly reported as resistant or tolerant eight were confinned as supenor and 

will advance for further testmg Almost all of the hnes demonstratmg resistance so far 

have been mtroduced to Afnca by CIAT In order to ¡mprove the rehabil1ty of BSM 

screenmg mass rearmg procedures are bemg developed to penrut controlled artificial 

pressure 

Steady progress has been made m mcreasmg overalllevels of tolerance m common 

beans to the leafhopper Empoasca kraemen by utihzmg a breedmg strategy where y¡eld 

under leafhopper attack IS the pnncipal selectwn cntenon Sigruficant y¡eld mcreases, 
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have been obtamed not only m the tolerant small seed cream and black types but also 

m the düficult large and small seeded red and wh1te colored beans The tolerant !mes 

also have hlgh y¡elds m the absence of msect attack 

ProductlVlty of beans m altemat1ve agroforestry systerns 1s bemg assessed m tnals 

camed out m Tanzama Macrocontour !mes or vegetat1ve stnps of grasses or legumes 

can be effecuve m soil conservat1on, but therr compet1t1ve effects on crop y¡elds will also 

be taken mto account by farmers m the1r adopt1on deC1s10ns Vet1ver grass local 

Olkokola, and Tnpsacum were observed to have the least negat1ve effect on bean y¡elds 

whlle Sesbama and Penrusetum most decrease bean y¡eld In a separate tnal Tnpascum 

was supenor m reducrng sou losses 

Weed control has a h1gh labor requuement m small scale Afncan productwn 

systerns where there are often constramts on labor avrulabl11ty A study was conducted 

m Uganda to determme the morpholog¡cal charactenst1cs of beans related to ab1llty to 

compete Wlth weeds In trlals over three seasons 1t was found that both bean leaf s1ze 

and leaf area mdex were s1gruficantly assoc1ated Wlth reduced weed bwmass Includmg 

these two factors as add1t1onal entena m cultiVar select1on showd make feas1ble 1mproved 

abillty to suppress weeds 

Changes m bean productwn systerns between 1975 and 1989 have been assessed 

m Co!omb1a as a case study to shed hght on farmer demand for technology Use of 

agrochenncals among small farmers has mcreased dramatlcally Even where small 

farmers use new vanetles they do not rely on a smgle vanety but spread therr nsks by 

plant1ng a set of vanet1es Labor use has dechned substant1ally over the penod md1catmg 

the 1mportance of seekmg technolog1es to mcrease the productlVlty of labor 

Farmer preference for plantmg a Wlde range of cult1vars was also observed m an 

econonnc survey camed out m Uganda. Farmers were found to sow over 100 d1fferent 

cu!t1vars about equally d1V1ded by small medmm and large gram types E1ghty five 
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percent ofvaneues are bush type and the most common colors are wh1tejcreams reds 

browns and black These findmgs suggest breeders face considerable fleXJbliJty m 

acceptable gram types among Ugandan farmers 

ExtensJVe studJes of seed d1stnbutwn channels are bemg undertaken m Rwanda 

It was found that poorer farmers are more !Jkely to have to obtam seed from sources 

outs1de therr farm A test marketing study showed that farmers were very w!l!Jng to 

purchase small quant1t1es of seed on an expenmental bas1s A seed quahty study found 

no clear advantages of seed produced by pubhc sector officJal orgaruzatwns compared 

to seed produced by farmers Efforts are bemg made on a p!lot bas1s to see whether low 

cost farmer produced seed marketed locally m small packets can mcrease rates of spread 

of rrnproved vanettes 

Regwnal Developments 

Future planrung for bean research was a maJOr concem m the Afrlca Reg1onal 

Prograrn. A partJCJpatory planrung workshop for the SADCC reg10n of southem Afrlca 

was held m Malawt m March Thls successful workshop planned the broad strategy 

drrectJOns for the regwnal network for the next seven years NamtbJa JOmed the SADCC 

network th1s year 

A maJor mput was made to natwnal bean planrung workshops m Eth!opJa, Kenya, 

and Uganda. Research pnonues were cnucally evaluated and s1gruficant clanficauons 

and changes were made 

CIAT took the rrntlatlve among mtematlonal centers to propose constderauon of 

an mter IARC consortmm to work on resource management 1ssues m the well watered 

ffild altitude regwn m eastem and southem Afnca Th1s regwn IS favorable for 

agnculture and consequently supports a very h1gh populatlon dens1ty that IS creatmg 

stresses that may undefffilne the sustamab!l1ty of product1on m the bean banana based 
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croppmg systems of Burundi Rwanda, Uganda and sigruficant parts of Kenya, Tanzarua 

and Zalre Agreement has been reached among Center D1rectors to explore Witb 

natwnal programs a collaboratlve approach mtegratmg sml fert1hty croppmg systems and 

socweconoffilcs 

Trammg and Workshops 

The reg¡onal bean research workshop for the Andean Zone (RELEZA) was held 

at CIAT Colombia, m June orgamzed by ICA, Colombia Over 100 researchers 

partlcrpated and 79 research papers were presented 

1 

The Intematlonal Bean Tnals Network met m Cal1 m October to address 

research challenges to 1mprove bean productwn m different croppmg systems Sustammg 

productiV!ty m favored monoculture m favored rruxed croppmg and m frag¡le 

envrronments was assessed 

A Sparush medium multidiscrphnary course for bean researchers was held m Cali 

m February March The target group for th1s course IS young scientists who have recently 

Jomed natwnal bean research programs 

A very active trammg program was pursued m Afuca, mcludmg a research 

metbods course for Kenya and an on farm methods course for tbe southem Afuca 

SADCC reg¡on, held m Tanzama. A Pan Afuca course m farmer partiCipatory methods 

for semor on farm and bean researchers was held m Tanzama, to expose researchers to 

tbe opportumtles tbat part1crpatory methods offer 

Contlnumg tbe trammg for tramers strategy m Central Amenca, a team of 

expenenced national program screntlsts has been bmlt up m the reg¡on, and now 1s 

pnncrpally respons1ble for trammg m the regwn wh1ch mcluded agronomy courses m tbe 
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Donurucan Repubhc El Salvador Honduras and Nicaragua It only remaillS to devolve 

the orgamzat10n of these courses from the CIA T Trammg Support Program 

Trammg m the Andean reg10n moved mto a h1ghly specmhzed mode focussmg on 

advanced mternslups to meet speClfic nat10nal program needs 

Program Developments 

The Great l..akes Reg¡onal Network was reVIewed by a SWiss Development 

Cooperat10n team wh1ch strongly endorsed the actiVItles of th1s outstandmgly successful 

network. The Eastem Afnca Reg¡onal Bean Research Network receiVed a h1ghly 

favorable evaluat10n of a USAID led reVIew team Parts of the reVIews were conducted 

Jomtly by the two teams and an mter donar meeting was held m Nrurob1 With CIDA, 

SDC and USAID to harmomze support to bean research m Afnca 

Th1s support was g¡ven a boost by a grant of $800 000 for the Eastem Afnca 

network on an mtenm basiS by USAID for an additional15 months until September 1992 

The SDC has proVIded a grant of $1 056 000 tlus year for an additlonal three years 

support to the PROFRIZA Andean reg¡onal research network IDRC made a grant of 

$190 000 to support a project on mtegrated pest management m l..atm Amenca 

Staff Developments 

Dr Shree P Smgh was awarded a mentonous sernce award for recogruuon of a 

bfetime of sernce to bean research by the Uruted States Bean Improvement Cooperat1ve 

m 1991 Dr Smgh also rece1ved th1s year the award for outstandmg sClentmc pubhcauon 

at CIAT 

Dr Vas Dev Aggarwal was named breeder and lflltlated CIAT's presence m 

MalaWI m 'collaboratlon Wlth Bunda College m lthe SADCC network Dr Wayne 

• 
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Youngquist, also a breeder, was appointed to work in Arusha, Tanzania, also in the 

SADCC network. Dr. Geoffrey Msumali of Tanzania was a Regional Research Fellow 

at CIAT during 1991, working on biological nitrogen flxation. 


