
CIAT REmPORTm 1m986/
 

INFORMECIAT 198
 

Centro Internacional de Agricultura Tropical 



Contents 

Contenido 

Page P-gina 
To Our Readers vi A Nuestros Lectores vii 

Programas de lnvestigaci6n 
Programa de Capacitaci6nResearch Programs 2 

Training Program 2 El Programa de Frijol

The Bean Program 
 Una Red Descentralizadade Investigaci6n3 

A Decentralized Research Network 3 
Evaluac.6n de Germoplasma de FrijolBean Germplasm Evaluation En busca de Nuevas Fuentes deNew Sources of Disease Resistance Resisten(,ia 6Found 6 
Mosaico Dorado del FrijolBean Golden Mosaic Disease Aparece un Niuevo Delincuente 9

A New Culprit Surfaces 9 
El Programa de Frijol en AfricaThe Bean Program in Africa En Apoyo a ]a Investigaci6nBolstering National Research 12 Nacional 12 

Bean Quality Research lnvestigaciones sobrc Calidad del FrijolImproving a Good Product 16 Mejorando lo Bueno 6 
Bean Adoption Study Esrudio de Adopci6n de FrijolNew Varieties Benefit Producers Nuevas Variedades Benefician aand Consumers 20 Productores y Consumidores 20
 
Tile Cassava Program 
 El Programa de YucaMeeting the Challenge of a Growing Enfrenta el Desaflo de una DemandaDemand 22 Creciente 22 

http:Evaluac.6n


New Developments in Cassava 
Germplasm Exchange 

Speeding Up the Prccess 27 

Cassava 
A Famine Reserve Crop 31 

Cassava Drying Plants 
Thousands Benefit from the 

Technology 35 

Crotalaria 
A Plant More Effective than 

Pesticides 39 

Mycorrhiza 
A Root Fungus Shows Promise 43 

The Rice Program 
Planning with National Programs 46 

Rice in Latin America 
The Demand Increases 49 

The Cost of Growing Rice in Latin 
America 

It Could Be Lower 53 

Screening for Iron Toxicity 
New Method Saves Time 

58 

Rice Hoia Blanca 
New Techniques Identify Virus-Free 

Plants 
61 

Rice Germplasm Flow 
New Technology Speeds Exchange 

64 

The Tropical Pastures Program 
New Technology for New Frontiers 

68 

Pastures Germplasm 
New Accessions for Better Pastures 

71 

The Tropical Pastures Evaluation 
Network 

A S.iccessful Research System 
75 

Andropogon ga.;'anus 
An Exceptional Grass for Tropical 

Pastures 
78 
78 

Anthracnose of Sivlosanthes capitata 
The Problem is Solved for the 
Colombian Llanos 81 

Avances en el lntercambio de 
Germoplasma dc Yuca 

Acelerando cl Proceso 27 

Yuca 
Reserva para las 1-lanbrunas 31 

Plantas de Secado de Yuca 
Miles se Benefician con 

la Tecnologia 35 

Crotalaria 
Una Planta mlis Efectiva que los 
Plaguicidas 39 

MicorrizaUa Hongo Radi'2a1 Promisorio 43 

El rogrdma de Arrozl~anificando Con los Programas 

Nacionales 46 

Arroz en A\mdrica Latina 
La Demanda Aumenta 49 

El Costo de Cultivar Arroz en 

Amrica Latina 
Podria Scr Menor 53 

Preselecci6n por Toxicidad del Hierro 
Nuevo MO~todo clue Ahlorra Tiempo 58 

Hoja Blanca de Arroz 
Nuevas T6cnicas Identifican Plantas 

Libres de Virus 61 

Flujo de Gernoplasma de Arroz 
Nueva Tecnologia Acclera 

el lntercarnbio 64 

El Programa de Pastos Tropicales 

Nueva Tecnologia para Nuevos 
Territorios 68 

Germoplasma de Pasturas 
Nuevas Accesioncs para Mejores 

71 

La Red de Evaluaci6n de Pastos 
Tropicales 

Exitoso Sistema de lnvestigaci6n 75 



Farms Prove Technology 

Stocking Rates Increase 
 84 

Training Program 
Communicating New Technology 87 

Support Units 90 

The Genetic Resources Unit
 
CIAT's Breeding Base 
 91 

Biotechnology Research 
Strides in Plant Regeneration 95 

The Seed Unit 
A Catalyst in Internacional 

Collaboration 100 

Communication and Information 
Support Unit 
Worihv;de Service to Scientists 104 

Annexes 109 

CIAT Publications in 1985 110 

Financial Information 121 

,roard of Trustees (1985-1986) i27 

Principal Staff 

(as of December 1985) 
 129 

The CGIAR System 138 

Andropogon gayanus 
Un Pasto Excepcional para Pasturas 

Tropicales 78 

Antracnosis en Siylosanhes capitata
Problema Resuelto en los lianos 
Colombianos 81 

Las Fincas Prueban la Tecnologia

Aumentan las Cargas Animales 
 84 

Programa de Capacitaci6n 
Comunicando Nuevas Tecnologias 87 

Unidades de Apoyo 90 
La Unidad deRecursos Genticos 

Base del l-itomejoramiento
 
del CIAT 
 91 

Investigaci6n en Biottecnologia
 
Avances en la Regeneraci6n

de Plantas 95 

La Unidad do Semillas
 
Un Catalizador de ]a Colaboraci6n
 

Internacional 
 100 

Unidad de Apoyo en Comunicaciones 
e Inlormaci6n 
Un Servicio a los Cientificos a Nivel 

M undial 104 

Anexos 
 109 

Publicaciones del CIAT en 1985 110 

Informaci6n Financiera 121 

Junta Directiva (1985-1986) 127 

Personal Principal
 
(a Dicienibre 1985) 
 129 

El Sistema CGIAR 138 



To Our Readers...
 

We would like to dedicate the 1986 CIAT Report to two 
important groups: our donors and the national research 
programs. To our donors, for their support of international 
agricultural development; to the national programs, for it is 
they that form the research network that carries out this global 
undertaking. 

The idea of gathering outstanding scientists and creating a 
center of research excellence-such as CIAT-continually 
demonstrates its soundness. It is the most effective way to 
backstop the efforts of national research systems to develop 
germplasm-based technology. We gratefully recognize our 
donors for keeping faith with this commission. 

The national programs with whom we work, forming an 
international information and collaboration research network, 
are effectively taking new technology to farmers throughout 
the world. This is indeed a productive partnership against 
hunger-that perennial, pernicious shadow that destroys and 
diminishes human life. 

This report could be considered a statement of our stew
ardship. We present it as apledge to continue to work to realize 
the goals of international agricultural research. 

JohL.Nickel William E. Tossell
 
Director General Chairman of the Board
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A Nuestros Lectores.., 

Nos complace dedicar el lnforme CIAT 1986 a dos grupos
importantes: a nuestros; donantes por su apovo al desarrollo

agricola internacional v a los programas nacionale,; de investi
gacion porque CIlos forman la red de investigacidn quC ejecuta
 
esta empresa global.
 

La idea de reunir los mejores cicntiticos en un centro de

investigaci6n de cxcelencia 
 -como es el CIAT- con
tinuna mente (1cm
uCstra sus bondadcs. Es la forma mils efectiva

de proveer una 
tecnologia s6lida, basada en gernoplasma, a
 
Ins sistemas nacionalsicde investigaci6n en paises en desarro
1lo. Agradccemos la fe quc nuestros donantes han depositado
 
en este cornpromiso.

Los programas nacionales con quienes trabajamo, Yque
forman Una red internacional de informaci6n, dce activid:ides,
estfin IlCvando efectivanicntc la nueva tectiologia a agriculto
res de tcJo el Inundo. l:sta Cs ciertamente una coalicion
efectiva contra el hambre -esa somnbra perenne v perniciosa 
que destruc ydcegrada la vida huniana. 

Presentamos este informe cono una confirmaci6n de nues
fro enca rgo vcomo l Uestro proposito de continuar trabajando 
para alcanzar las metas de la investigacidn agricola inter
nacional.
 

S Nickel William L. Tossell 
Director General 
 Presidente ,JuntaDirectiva 
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Field day in Colombia 
ia tit campo en Colomhia 

Decentralization Descentralizaci6n 
CIAT's Bean Program collaborates with El Prograrna de Frijol del CIAT colabora 

national agricultural programs to increase the con programas agricolas nacionales para an
production and productivitj of beans. As new mentar la producti6n y ia productividad del 
varieties are developed at CIAT, the best frijol. A medida que aqtu'l desarrolla nucvas 
materials are sent to national research pro- variedades, envia los mejores materiales a los 
grams where the selection process is refined in prograrnas nacionales de invcstigaci6n. [stos 
terms of specific needs. Ultimately the respec- identilican aquellos apropiados para stis con
tive national programs release their selections dicionCs y ncccsidades v los lihcran como 
as new varieties to be commercially marketed. variedadcs que com(o tales cntran al mercado. 
This dynamic decentralization process is result- A travts dc esta decentralizaci6n, nins Yrmios 
ing in more research being based at the national investigaci6n cst6 Ilevindose a caho en los 
program level. programas nacionales. 
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The Bean Program's training activities re-
fleet its philosophy of decentralization. Begin-
ning more than a decade ago, national pro-
grams initially became acquainted with CIAT's 
training opportunities and learned how the 
center could serve their interests. Over the 
years many national program specialists,
including entomologists, agronomists, and 
breeders have been CIAT-trained. Training
currently emphasizes off-station, and on-farm 
testing procedures.
Strengthening National Programs 

Strengthening the research capacity of 
national programs is one of the major ob-
jectives of the Bean Program. This is done by
training masterand doctorate level scientists to 
become leaders in their national programs. 
fhis strategy is enhancing the programs'

capabilities such that many countries now 
develop and release their own new varieties ofbeans, 

beans. 

Through this process, an international beanresearch network has emerged. Today it in-
eludes hundreds of researchers in programs in 
basic and applied research institutions in Afri-
ca, Latin America, Europe, Asia, and North 
America. The network is a reflection of a 
program that evolves in response to the needs 
of bean researchers around the world. 

La capacitaci6n refleja la filosofia de descen
tralizaci6n del Programa de Frijol. Hace inis 
de una ddcada los programas nacionales se 
familiarizaron con las oport unidades de capa
citaci6n ofrccidas por cl CIAI. En la actuali
dad son numerosos los especialistas de pro
gramas nacionales, tales como cntoinologos, 
agr6nomos y fitomejoradores, que han reci
bido capacitaci6n en cl Centro.
 
Fortaleciend (os Prograras
 
Foale s
 
Ncoac
 
-1lortalccinlient 
ode la capacidad de investi

gaci6n en los programnas nacionales es un obje
tivo )aIsjco (d l'ograma de Frijol. Esto se esti 
haciendo por rncdio de la capacitaci6n de cien
iificos con macstrias o doctorados para que 
astmaan ci liderazgo de los programas naciona-
ICs. ('+n e :, estrategia son ya numerosos los 
prograinas ilacionaIcs quc dcsarrollan y libe

r~rainpedadessus pr"0opias varie nuevas de fria e ue s cfrJolcs. 
A travs de esle proceso, se ha consolidaIdo 

tina red internacional de incesiigaCion qieinvoucra a cientos de ivesigadores, progra
as, e instituciones en los distintos contincrn

les. -sta red reflcja la capacidad de evolucion 
cl programa en respuesta a las necesiads de 

los invesigaores de rijol de iodo imundo. 

African hean varieties 
Varieakde.1artana,vde ri/ 
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Bean Germplasm EvaluationJL 

New Sources of Disease Resistance Found 

Evaluacidn de Germoplasma de Frijol 
En Busca de Nuevas Fuentes de Resistencia 

Access to germplasm, with useful genetic 
variation, is the basis of successful crop im-
provement programs. It is, therefore, of utmost 
importance that bean researchers at CIAT and 
around the world work with the best quality 
and highest range of genetic variation avail-
able. 

CIAT, with more than 35,000 accessions 
houses the world's largest bean germplasm 
bank. Of these, o\cr 30,000 accessions are of 
the cultivated common bean, Phaseolus vul-
garis, of which more than 50% have been 
through quarantine, have had their seed 
increased and arc now available for research. 

The Search for Key Traits 
Selective collection expeditions are conduct-

ed to add to the collection and to preserve 
germplasm from extinction. The CIAT Genctic 
Resources Unit (GRU) in collaboration with 
the International Board for Plant Genetic 
Resources (IRPGR) organized Five collection 
expeditions during 1985, adding nearly 900 
accessions to the bank. 

La disponibilidad dC germoplasma con varia
ci6n gcndtica 6itil Cs la base del 6xito en el 
mejorarniento agricola, y lo cs tambi6n para 
los invcstiadorcS dC frijol del CIAT N del 
ilt ldo Cellcro. 

El (IAC fianlticnC cl niavor lanco dC gcr
rn oplasina IC Irjol dcl 1in11nd,), con tms de 
35.00) accUSioncs. I)c stas, imis i1c 30,000 son 
dc frijol corn i a, lhxu.,lus cliari, dc las 
cll Iles kin del 5)"; ha pasado lapco Ilia, va 
ctarcntt: a sIclI, al a SiIdhlltip1lcadayYsc 
CiclIcic;Ira dikpoiible pma la Invcstigacion. 

Iii Blts tied a (ic k asgos ('laves 
I'm mcdli ,clcctlvasd (.c). pMiclill(.> dc 

rcc',ccci, ,c a r 1 ;1t( olccci nt s PclC
,Ctic la iithi1 I-'Ic) oplLama. (Coit CstC 
prto,,,511 la I 111(kiat dc Rcct ls, ( icttitos 
TIR(i) dcl (I,\l. ', Ithi n coil -l 

m)"Cl-i( i1111ci lacInnal dc Rccil, o Filoglen
tici,,.l( R,(:1 in V"). l.,ai/ c,c~ aco cx pc(It1 
(icincs esc aI'. y aili cCrct ("t900 
acccsioiic, al Jilll( o. 
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Scienltisils evahite heans 

(wneifcos evalhan 
 ./ftlh.
 

The GRU also does the basic characteriza
tion of each genebank accession, while eval
uations for agronomic traits and for reaction 
to important diseases and insect pests are 
undertaken by the Bean Program. Usually, theaccessions are evaluated for their key traits in 
batches of approximately 2000, every 12 to 15 
months. Every five to six years, all the ac-
cumulated accessions that were processed
during the period, are evaluated under uniform 
nursery management and similar environ-
mental conditions. Evaluations began in 1978,
when the number of accessions had reached 
about 10,000. This resulted in the identification 
of 165 different sources of resistance to 
anthracnose. one of the most destructive bean 
diseases. Until that time, bean workers had 
relied primarily on one source. 

In August 1985, a second major evaluation 

of 16,500 bean accessions was begun. The

objective was 
 to screen each accession for a 
wide range of factors, including anthracnosc, 
angular leaf spot, common blight and rust,
drouglt, "'imate and soil factors, and to iden-
tify accessions for early or late maturity, small 
or long pods, and foliage types, among others. 
It may take four to five years to complete the 
evaluation process. 

La URG tambi6n hace la caracterizaci6n 
basica de cada accesi6n en tanto que la evalua
ci6n por rasgos agron6miIcos y reacci6n a
iniportantes enfernedades c insectos plaga las 
hace el Programa ,IeFrijol. Gencralnente, las 
accesiones son evaluadas por sus rasgos claves 
en grupos de 2000 o imns, en periodos de 2 a 15
ineses. Cada cinco o seis arlos todas las acce
sinncs acumuladas son evaluadas bajo rnanejo
uniforme en vivero. las cvahitaciones empeza-
Ion con 10,000 accesiones en 1978. cuando se 
identificaron 165 fucntes de resistencia tlIa
antracnosis. I asta cntonccs los investigadores 
dependian casi exclusivanlicrite de 1un1a sola 
tucnte. 

En 1985 una segutnda eval uacjOn tie 16,500 
ac(02ciones busca prescleccionalr por varios lac
tores, inCluVcnd o aItIacoosis, rnancha angt
ltar. bactCritosis C016l(i11 V roya, SCqlia, haCtores 
clii1ticos y cdiflcos, c itlentificar madurci 
prccoz o t;trdia, V"'illas JiCqLUCfias o grandcs,
tipos de follajc, etc. ('omplctar esta evaluaci6n 
podrMi ton1ar CtItl'o 0 ChilCO aflos.
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Comparing beans for adaptation 

I)ijerencius en adL:taci :n 

Ten Thousand Accessions in One 
Hectare HectareDiez 

The screening of bank accessions is done at 
all three CIAT experimental farms: Quilichao 
for common bacterial blight, angular leaf spot, 
and low soil phosphorus; Popayan for an-
thracnose; and Palmira for rust, drought, and 
desirable morphological traits. For screening, 
four to eight seeds of each accession are 
planted in hill plots I m apart. Thus 10,000 
accessions can be grown on just one hectare, 
and all undesirable or susceptible materials can 
be discarded. For example, at Quilichao in 
1985, out of 16,500 accessions, approximately 
2500 were found to show intermediate or high 
resistance to angular leaf spot in the initial 
screening in hill plots. Only these will pass to 
the second-stage screening in single-row plots 
scheduled for 1986. The promising accessions 
will be evaluated in replicated trials for each 
desirable trait, and the best of these materials 
will eventually become candidates for interna-
tional nurseries. 

Bean germplasm evaluation is a team activi-
ty, involving breeders, agronomists, patholo-
gists, physiologists, entomologists and other 
program members. All data that are gathered 
are stored in the integrated data management 
system, and are available to both the Genetic 
Resources Unit and the Bean Program. 

Mil Accesiones en Una 

Hect.Area 
La preselecci6n de las accesiones del banco 

se hace en las tres estaciones experimentales del 
CI V\: Quilichao para bacteriosis comjn, 
mancha angular y bajo nivel de f6sforo en el 
suelo; Popaydin para antracr dis y Palmira 
para roya, sequia y rasgos morfol6gicos. Para 
la preselecci6n se sembraron de 4 a 8 semillas 
de cada accesi6n en monticulos a I in de dis
tancia, o sea, 10,000 accesiones en s6lo una 
hecthrea, descartando Jos materiales indesea
bles o susceptibles. Por ejemplo, en Quilichao, 
en 1985, de 16,500 accesiones aproximada
mente 2500 mostraban resistencia intermedia o 
alta a la mancha angular en la preselecci6n en 
monticulos. Solamente 6stas pasan a la segun
da etapa de preselecci6n en 1986 en siembras 
de una hilera. Las accesiones promisorias 
serftn evaluadas en pruebas replicadas para 
cada rasgo deseable y las mejores sern even
tualmente candidatas para los viveros interna
cionales. 

La evaluaci6n de germoplasma de frijol es 
una actividad en equipo multidisciplinario. 
Este, junto con la URG, tienen acceso al sis
tema integrado o base de datos del banco de 
germoplasma. 

8 



Bean Golden Mosaic Disease 
A New Culprit Surfaces 

Mosaico Dorado del Frijol 

Bean golden mosaic is a common and costly
disease that attacks bean crops in Latin Ameri-
ca. Affecting leaves, pods, and seeds, and often 
resulting in total yield loss, the disease bleaches,
mangles, and malforms the plant. The causal 
virus is transmitted in the field by the whitefly
Bemisia tabaci. 
CIAT,in cooperation with national program

scientists in the Central American project, has
helped to develop several black-seeded lines 
tolerant to bean golden mosaic virus (BGMV). 
They have proved highly successful in Guate-
mala, along the Gulf Coast of Mexico, and in 
Argentina. Since 1979, as these tolerant lines 
were commercially released, substantial yield
increases have occurred in these areas.In 
recognition, CGIAR awarded CIAT the 1984 
King Baudouin Award for its role in the 
development of these black-seeded BGMV-
tolerant lines called 'dorado'. 

The BGMV problem, however, still remains 
a big obstacle in Brazil and the Dominican 
Republic, where bean varieties with traditional 
seed colors and low levels of tolerance to 
BGMV are still being used. The problem is 
further aggravated by the higher disease pres-
sure that is prevalent in these countries, where 
even the black-seeded BGMV-tolerant lines 
have their yields considerably reduced. 

Aparece un Nuevo Delincuente 

El mosaico dorado del frijol es una enferme
dad comfln y costosa en America Latina. Al
afectar las hojas, vainas y semillas, la enferme
dad blanquca, destroza y deforma la planta N 
causa frecuenternente la pcrdida total de la 
cosecha. La mosca blanca ih'nusia tahacitrans
mite el virus causantc. 

El CIAT, eO cooperaci6n con cientificos de 
prograrnas nacionales dentro del i'rovecto 
Centroamerica n o de Frijol, ha ayudado a de
sarrollar varias lineas de color negro tolerantes 
al Virus del Mosaico l)orado (l](;MV, en
ingl~s). Fstas han tenido Cxito en Guatemala, 
la costa del Golfo de Mexico y Argentina. 
Desde 1979, cuando estas lincas tolerantes fue
rn liberadas conircialrnerit, aumentaron sus
taincialincntc los rendimicntos en esas regio
nes. En reconocimicnto, el ('(IAR otorg6 al

('IATel preni0 Rey Blaudouin por sli papel en
 
el desarrollo tdc las lineas de trijol negro tole
rantcs al Bl(MV, Ilanada,s doradas'.
 

El1 problema del 11(M V,sin emba1rgo, nlose
 
ha resuelto coInplctaicote 
 V Colitinfia pe
sente, por 
 .cOicplo cl illiasil Y c IRcpihlicia
l)ornirlica la, paiscs tpiC cli \ a ii prilici pal
monte Inijoles de otro" couhcs, 
 ille nivel de
tolcrancia de las varicdades dc color rIclgo. Il 
probleina sc coniplica imis coll a Ilay o, pie
si6n de las clrinedadcs en csos paiscs, doldc 
inclnso el renlifient,) dle las lincas toleranlics 
de grano rncgro ha (lisililliiido considera
bleme; te. 
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Bean golden mosaic disease 
Lat enf'rtnedadde'l inosaiv'o dorado 

Resistencia a Qua? 
Resistant to What? Intrigados, los cientificos del CIAT analiza-

Puzzled by the problem, CIAT scientists ron de nuevo los dos factores reconocidos 

reanalyzed the two major factors known to como caus;untcs de las epidemias de mosaico 

cause beau golden mosaic epidemics: the virus dorado del frijol: cl virus y cl insecto vector. 

and the insect vector. Three questions arose: Surgieron tres preguntas: Cuil es la naturaleza 

What is the nature of the bean's tolerance to de la tolerancia dcl frijol a la cnfermedad? Es 

the disease? Is it a resistance to the virus, or to una r'_ssistcncia al virus, o a la mosca blanca 

the whitefly that spreads it? Is it possible to quc lo csparce? Es posiblc ampiar la estrecha 

broaden the narrow base of the tolerance that basc (: la tolcrancia q uc sC ha obse,vado hasta 
La variable rcacci6n de las lineashas been observed?The variable reaction to the dl, ta? 

dLeasc found in the dorado lines, even in the ooradas a la enfernicdad, inclusive en la locali

region where they were originally identified as d:,d dondc fucron identificadas originalmente 

tolerant, suggested that insect resistance may come tolcrantes, sugicre que la resistencia al 

be the genetic characteristic that protects the insecto podria ser la caractcristica gen~tica que 

plant. In areas where the whitefly-vector pop- protege a las plantas. Al1i donde la poblaci6n 

ulation is great, the tolerance is overcome and de vectores cs grande, la tolerancia es vencida y 
las plantas sucumben.plants succumb. 
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To test the hypothesis, the Bean Program
has iaunched an intensive investigation into 
the mechanism influencing BGMV-tolerance. 
As a preliminary step, a'pedigree'analysis was 
conducted on dorado lines, as well as other 
bean genotypes that were known to have some 
degree of tolerance to the virus. This enabled 
scientists to identify some seed types, of colors 
other than black, that seem to have adequate
levels ofBGMV-resistance. Greenhouse exper-
iments on some of these materials have re-
vealed the existence of previously unknown 
resistance mechanisms, which will be further 
field tested in 1986. These genotypes are expect-
ed to become new sources of BGMV resist-
ance, which wi;i broaden the genetic base of the 
golden mosaic project. 

The discovery of new sources of genetic
resistance to BGMVinnon-black-seeded bean 
varieties is encouraging and should ultimately
benefit many small-scale farmers in Latin 
America, particularly in Brazil, the Dominican 
Republic, and other Caribbean countries. 

1he whit'l n iacbcBemisia 
La inwca blanca Bernsta tabact 

Para probar la hip6tesis, el Programa de 
Frijol ha lanzado una investigaci6n intensiva 
sobre los mecanismos que influyen sobre la 
tolerancia al BGMV. Como paso preliminar, 
se hizo un andlisis del 'pedigree' de las lineas 
doradas, asi como sobre los genotipos que tie
nen algtin grado de tolerancia al virus. Esto 
permiti6 a los cientificos identificar algunos
tipos de semilla no negra con niveles aparen
temente adecuados de resistencia al BGMV. 
Experimentos en invernadero con algunos de 
estos materiales han revelado ]a existencia de 
mecanismos de resistencia pieviamente desco
nocidos, los cuales seguirdin siendo ensayados
enelcampoen 1986. Seesperaqueestosgeno_ 
tipos se conviertan en nuevas fuentes de resis
tencia al BG M V, lo cual ampliard ]a base gen6
tica del proyecto de mosaico dorado. 

El descubrimiento de nuevas fuentes de 
resistencia gentica al BGM Ven variedades de 
frijol de color diferente al negro es alentador y 
en iltima instancia deberd beneficiar a muchos 
pequefios agricultores en Ani6rica Latina, par
ticularniente en Brasil, Repiblica Dominicana, 
y otros paises del Caribe. 
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The Bean Program in Africa 
Bolstering National Research 

El Programa de Frijol en Africa 
En Apoyo a la Investigacidn Nacional 

CIAT's Swiss-funded bean project in central 
Africa, called the Great Lakes Project, is 
bolstering national agricultural research ca-
pacity and spawning intraregional cooperation 

among programs. Working with three national 

agricultural institutions in Burundi, Rwanda, 
and Zaire, the project is developing new tech-
nology to raise bean production within the 
region. 

The area is significant for a number of 
reasons. It is Africa's most densely populated 
region, with an annual growth rate of 3.7%-
one of the highest in the world. Population 
density also makes for small farms. The 
average farm size is one hectare. The region 

also has the highest per capita bean consump-
tion in the world-around 50 kg per person per 
year. Beans are the most important food in the 
people's diet, providing 25% of the total caloric 
intake and up to 45% of their protein. 

The region is distinguished by its complicat-
ed cropping systems. Beans are grown mostly 
in association with other crops, such as maize, 
banana, and sweet potato. Nearly all of the 

beans are grown in varietal mixtures. It is not 
uncommon for 10-15 different types of beans 
to be planted together. The beans are eaten in a 
similar mixture, and most farmers have their 
own preferred mixture. 

El proyecto dcl (IAT financiado por Suiza 
enAfricaCentral- clproyectodelosGrandes 
Iagos esta fortaleciendo la capacidad nacio
nal de investigaci6n C instigando la coopera

ci6n entre los paises. En asocio con tres institu

ciones agricolas nacionales en Burundi, Ruan
da y Zaire, cl proyccto csul' desarrollando 
nucvas tecnologias para auMnentar la produc
ci6n de frijol en la rcgi6n. 

El irca es significativa por varias razoncs: es 
la parte m'ts densaniente poblada de Africa y 
su poblaci6n crcCc a un ritmo anual dcl 3.7%, 
uno de los !nits altos dcl mnondo. La oensidad 
de poblaci6n conllcva a fincas pcluefias cuyo 
lia-nlo en promcdio Cs dc tna hecuirca. La 

rcgi6n tainbiln tiene cl mayor indice de con
sum(o de Frijol cn el mundo: cci ca de 50 kg por 
persona at afio. los trijolcs son el ali,ento mris 
importante en li dicta y proporcionan un 25% 
dcl consino ca6ric(O total y cerca de un 45% 
de proteina. 

La rcgi6n se distingue por sus complicados 
sistemas tie cultivo. l.os frijoles sc cttltivan 
principalnicntc cn asociaci6n con otros culti

vos coio el maiz, el banano y la batata. Casi 
todos los frijoles se cUltivan en mezclas de 
variedadcs. No es raro quC sc siembren junios 
10 a 15 tipos diferentes de frijoles y quc se 
coman dc la misma mancra. 

12 



On-Farm Trials and Training 
This past year the project saw developments

in several important areas. On-station breeding 
and pathology research were expanded in all 
three national programs. An extended network 
of on-farm research is well underway in Rwan-
da. Activities include diagnosis survey trials, 
varietal selection and verification. These are 
being carried out in cooperation with local 
projects for rural development and extension. 

On-farm trials of new varieties are taking
place in Zaire and Rwanda. Production and 
consumption surveys conducted in these coun-
tries help to steer research. These on-farm 
trials of different beans test for acceptability to 
farmers, yield, and resistance to disease and 
insects. Certain bush beans that have been 
tested on Rwandan farms produced 30% more 
than farmers' mixtures. 

Training national program researchers is a 
core component of the Great Lakes Project. In 
1985, one scientist each from Burundi and 
Rwanda spent four months in training at 
CIAT.In addition, two other scientists from 
Burundi and Zaire attended CIAT's Interna-
tional Trials Workshop the year before. The 
project also sponsored a visit by two Burundi 
scientists to the three principal ISAR (Institut
des Sciences Agronomiques du Rwanda) re-
search stations to evaluate the regional ad-
vanced variety trials and other nurseries. 

On-farm trials in Rwanda 
l;I/'tt en Rtuanda
)o."inetca 

Ensavos en Finca y Capacitaci6n 
En este afio, las investigaciones en fitomejo

ramiento y patologia en las estaciones experi
mentales se cxtendieron a los tres prograrnas 
nacionales. Una extensa red de investigaci6n 
en fincas se cstui formando en Ruanda en 
cooperaci6n con proyeclos locales de desarro
lo y extensi6n rurales. 

lambitn en Zaire y Ruanda se hacen ensa
yos en firica para probar caracteristicas tales 
como: aceptabilidad en las fincas, rendimiento 
y resistcncia a enfermcdades e insectos. Ciertos 
frijoles arbustivs soinetidos a pruebas en 
[inca en Ruanda prodtijeron 30% mils que las 
inezclas de los agricultorCs. 

l.a capacitaci6rn de los investigadores de 
prgratnMs nacionales es un componcnte im
portante del provecto. En 19(5, tin cientifico 
dc Ruanda y otro de Hurundi tivieron cuatro 
incses tIe capacitacion en ei CIAT. En este
 
cct i. otro.(doscicntilicosde liturundi yZaire
 
asisticron a la Reuni6n 
 de Trabajo dc los 
Insavos IItiernacionales dc Frijol el afio ante
rior. IElprovccto tambin patrcin una visita 
po)1 parc dIc dos cicntilicos de Burundi a las 
tres prilcipales estaciones de investigaci6n del 
Institute desscienccs Agronorniques du Rwan
da (ISAR) para evaluar el ensayo regional 
avanzado ICvaricd aucs y otros viveros. 
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Scientists.in Rv'anda prepare' eedfr trials 
O"i'ntufi'. e't Ruanda preparan .semilla.x para ensa'aj 

Growing Momentum 
As evidence of the project's gathering mo

mentum, the first regional symposium of bean 
production and research in the Great Lakes Impulso Creciente 
Region was held by l'lnstitut des Sciences Coino evidencia del empuje del proyccto, el 
Agronomiques du Burundi (ISABU). Institute des Sciences Agronomiques du Bu-

The project is spurring varietal development rundi (ISABU) liev6 a cabo el primer sire l)osio 
and pathology research in the region. CIAT regional de producci6n e investigaci6n en lrijol 
germplasm is showing much promise, either en ia regien de los Grandes Lagos. 
for eventual release as varieties or as donor El proyecto estet inccntivando el desarrollo 
varieties for crosses with local germplasm. de variedades. El germoplasma del CIAT esti 
Nearly double the number of advanced lines rnostrando bastante piomesa, tanto para su 
were introduced to the region in 1985 as In the eventual liberacifn corno variedaides como 
previous year, para cruces con germoplaSima local. 
14 



Germplasm exchange among the region's
national programs is very important for in-
creasing national program efficiency. This gen-
erally occurs through informal exchanges and 
especially during the regional advanced variety 
trials. In 1985, Zaire participated for the first 
time. There were also several informal germ-
plasm exchanges among the three national 
programs. 

Seed multiplication ranks high among the 
project's priorities. Seed quality improvement 
ranked high in Burundi and Rwanda in 1985. 
The selected use of high quality seed, along
with implementation of phytosanitary me-
thods, and restriction of planting to fertile 
fields, has already resulted in a marked im-
provement in seed quality. 

The Bean Program is encouraged by the 
progress and prognostications. Evidence 
shows that increased staffing by national pro
grams and support from CIAT are resulting in 
a steady development of competent and ef
fective bean research programs in the Great 
Lakes region. 

El intercambio de germoplasma entre los 
programas nacionales orurre generalmente a 
trav6s de intercambios informales"y especial
mente durante los ensayos regionales avanza
dos de variedades. En 1985 Zaire particip6 en 
6llos por primera vez. 

La rnultiplicaci6n de semillas tiene alta prio
ridad en el provecto. El mejorarniento de ' u 
calidad es importante tanto en Burundi como 
en Ruanda y se estAi obteniendo por medio del 
uso de semillas seleccionadas, mdtodos fitosa
nitarios y la siem bra en suelos fdrtiles. 

los progresos y las perspectivas del Pro
yccto de los (irandes Lagos son alentadores. El 
aumento en el personal de los programas
nacionales y el apoyo del CIAT esthn contri
buyendo efectivarnente a preparar la regi6n de 
los (irandes Lagos para desarrollar prograir:i 
cfectivos ie investigaci6n en frijol. 

A good harvest in Rwanda 
ntiabena iec/ha en Ruanda 
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Bean Quality iResearch 
improving a Good Product, 

Investigaciones sobre CDalidad delFrijol
 
Mejorando lo Bueno. 

Los frijoles varlan en calidad, la cual influye
 
Beans vary in quality and their characteris- fuertemente en su aceptaci6n par ci consumi

tics strongly influence consumer acceptability. dor. El color, ei tamaio de Ia semilla y su
 
Color is one such ...................characteristic, but even seed ... ranll
forma-an un papel importante entaprefe................ ,m 

size and shape play an important role in rencia, Para cntender mejor estos factores, el,
 
consumer preference. In order to more fully CIAT dispone de laboratorios declia del
 
understand these preference factors; CIAT set frijolcnColombiayen Africa Central, El labo- '
 

up bean quality laboratories in Colombia and ratorio colombiano prcselecciona materiales 
in Central Africa. avanzados de neJorarniento destinados aAmn& 

Characteristics evaluated in the routine rica Latina Nyel laboratorio africano para ]a
 
screening progr,%ms include cooking time, total rcgi6n de los Grandes Lagos.
 
protein content, hard 'seed coat, and, total , Las caracteristicas evaluadas en estos pro
solids in the broth. It is important for bean gramas rutinarios de preseleeci6ni son tiempo
 
breeders to know more about these factors, de cocci6n, contenido total de proteina apa
 
because preference for one certain characteris- dura 'del grano, y s6lidos totales del caldo, Es
 
tic may influence the decision whether or not to importante para los mejoradores de frijol saber
 
grow a new variety, regardless of the other rn~s acercaide estos factores porque el tiempoA
 
desirable characteristics the bean might have. que toma cocinar un tipo particular de frijol
 

A',!though dIAT is not yet breeding for bean podria nlien ladecisi6n de cultivar o no.... 
quality, bean quality research is an important una nueva, variedad , independienteniente de 
element in CIAT's bean breedin rorm. All sus otras caracterfstlcas de,,eables. La investi,
advanced lines are monitored to assure that ga---. sobrec.........rlo tnto, es parte 

~" they are not inferior, to 'varieties they may imotnedlfitomejoramiento de frijol del
impotAnctodvl nosdcl m'ra

replace,. The Colombian laboratory screens CITcuqi et eoad 
advanced breeding materials destined for Latin porealidad, todas las Ifneas avanzadas son. 1 

Ameia l t fia onepr cen observadas para asegurtirse qtlcyno scan irnfC6 

16ei' frteGra ae Region of Africa, rlorcs a las varied des~4~~h ~de ~ z~16 ... !wr 



Firewood Shortage 
a Factor in Choice 

In the Great Lakes Region of Africa, an 
onsite nutritionist identifies important culinary 
characteristics that are related to genetic var-
iability and that might positively or negatively 
affect consumer acceptance of varieties being
developed regionally. Beans are the staple
protein source for the people. They are pre-
pared an average of three times a week, and 
consumed daily after reheating. 

The highland areas suffer from an acute 
shortage of firewood, influenced by the high
population density-the highest in Africa. In 
this area, the time required to cook beans 
appears to especially influence the producer
consumers' choice of traditional landraces to 
be sown. This is a major consideration where 
firewood is scarce, since a faster cooking bean 
saves fuel in cooking. Since the time required 
to cook beans is longer than for most other 
common foodstuffs in the diet, bean cooking
time, to a large extent, determines the amount 
of firewood used. It is this important relation-
ship between bean cooking time and fuel use 
that makes research on bean quality so impor
tant in bean breeding. 

La Escasez de Lefia Influye 
en 1li Aceptaci6n 

It l rcg6n de los Lagos, una 
nut ricioriast a cst i identiic nmto las caractcris
ticas culinarias importanlics lUC sc relacionan 
con li variabilidad gcneciicai y~tIC pucdCn Ifcc
tar positi%'a o icevati\'aiilcntc li accptaci6n de 
las \'aricdadcs dcsarrolla~das en la rcgi6n. l.os 
fi lcs Son ila hiclc corriente (Ic protcias de 
hi gclltc el1s sc preparain cii promcdio tres 
vcccs por seliaita v sc recali entan para el con
sti11 diai . 

Li.a cscasc/ (c lCfia CIl las /onias altias en hi 
rci6ri (Ic los (iidntlCs ILagos esrcstiltado (I lia 
clevada dCisidla (ICpohlac('n I nayor de 
Africa. Fitesta rcgi')n l ticmpo rcqucrido para
cOciai Ifrijolcs parce iofluir cn lIt sClcciion dc 
[a/as rativas po)r IOs pr)OductIorcs-consti-i
(lics. 1.1 ticilpo ICC()cloil (ICtilIlijol deter

inma, cin gran partc, hi catrltidald (IC lfial ILuC SC 
a de isar. IBslra rclaci ln lice empo die Coc-

Ci6n v coinhustihlc Cs lo (Itie hace titC Cstas 
invCstigaci(ones scan tan imp)ortantcs para el 

Joratiilliitod( dl frip)l. 

Beans are eaten in mixtures in Africa 
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Harvestet'd heans in Rwanda 

('o vc ha de Iriore1n Mianda 

Research For direeding Caracteristicas v lreselecci6n 
The analysi; of quality can used I i d l hIc ell Ccclbe in (F.c;at ad C't, de

varietal development. Identification of the sarrolhI dc 'aricdadIs cl) las m actcristicas de 
quality characteristics that farmers and their cali(Ia((lil:e IrSw lim,gcl i C." ,1'i - ;Iilias bus
families look for in a bean, used systematically cai cnlslcl fri , Al esta inel n11 InIu isite
in varietal screening, greatly increases the ritican ittc en I, picllicci' i v d l iiatl. 
likelihood of producing an end product that Im1CiitaII la pr,'ahilid adt dcdr hdtCICI iII 
will be acceptable to farmers. (1(tnf) finIil irC t,aIhl. Ia rirllIilc,parM , ;lIr 

Researchers are very interested in learning I ,,PInvcta ll,,csii iI , incralws n 
how cooking time and protein content are lI ninu1lltItil ri' ,iihiCdgld.dCr I ,kl111) Cels
influenced by such factors as ,ariety, season ,'16n \ IihIC;ttInl 1 1-1i rip,01 ',(it 
ind location. To evaluate this, ten varieties C' 1'Ctru V pd"i, liis. % iC;I I' soCI';!I Xu 

hil( r1 (fir, ii 11 
different altitudes, and in three growing sea- tihicaciurncr, dc ( Iw,, 

were planted in Rwanda at three locations with ,.ruhr i l iia.lli d ic-d"LCs(.11 tL's 

lifc ,'nic ;ilkiluid vtl 
sons. The seasonal effects were found to be ','nInics IN,siCili'la. A i tiiiC l, trltcclws de 
negligible, but locational effects caused sig- IIIIt'"lai i i si iitif Ir : caI c, sC Cnl u
nificant differences in cooking time alnd(protein II muirill.111 itl i"it if lci'sc ile last ltI
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Contrk'g hean quality('inparando Inlcalidad ik.ha,lh'r~ 

lidades enIcuanto Ltieipos de cocci6n y con
tenido de proteinis. Asimismo, se observaron 
diferencia., significativas entre variedades en 
tiempo de coccion, mas no en contenido decontent. There were significant variety-related protenas. Los resultados indican que el tiempodifferences in cooking time but not in protein de cocci6n, al contrario del contenido de procontent. The results indicate that cooking time, teina, tiende a responder mis a influencia genunlike protein content, tends to be more related tica quc ambiental.to genetics than to the environment. Con investigaciones comno 6sta los cientiffi-Research like this is helping CIAT Bean cos del Programa de Frijol del CIAT esti nProgram scientists fine tune their efforts to atinando sus csfuerzos para aumentair la proincrcase production, productivity and con- ducci6n, productividad y consumo de frijolessumption of beans in protein-scarce Africa and en un Afica deficiente y una Am6rica Latintilprotein-vulnerable Latin America, vulner~bhle en cuanto a consumo de proteinas. 
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Bean Adoption Study 
New Varieties Benefit Producers and Consumers 

Estudio de Adopcion de Frijol 
Nuevas Varied ades Bencfician a Productores y Consumidores 

The adoption of improved bean varieties is 
monitored through farm surveys to insure that 
new technologies are indeed reaching pro-
ducers. The surveys also allow scientists to 
identify persisting production constraints that 
may requ: e further research. The studies, 
which are done in collaboration with national 
institutions, show that significant numbers of 
farmers are adopting improved bean varieties 
in Costa Rica, Argentina, and Guatemala. 

Adoption Spreads 
In Costa Rica, beans are a small-farm crop, 

with most production coming from farmers 
with less than two hectares planted in beans. 
Nevertheless, a survey conducted in two re-
gions that contribute over half of the country's 

A traves dc sondeos en firnca se rcgistra la 
ado pijon de variedades mcjoradas dc frijol 

para Cclciora.trise quc si estan Ilcgando a los 
productorcs, y talihicii para idCnt ificar pro
blenias persistelites tie produccio6I Clue rcqtuie
ran litayor Iinvcs!igdCi(,n. i s Csttldios, reali
/alos en colhhorlci(o Con institIciones na
cionalcs. ninestranutIIC numcrsos iagriCultorcs 
cn Costa lRica, Argcititia Y (uatemala estan 
aidoptando lhit,VricdadCs mcjoradas. 
Se Fxt emic la Adopci61 

I1 ((os!a Ricial lri s l l Cntiltivo ICfincas 
pcetufias, y itmayor pilrt dC liproduccion 

provicic dC siemubras LIsn rulaoria en linas 
dIC Inos (IC(los hectuireas. Ain asi, tillsondeo 
llevado a cabo en dos rCgionCs tU IrodUCCn 
Mils (ic lhiiiti.d del frijol tlei pais encontr() Lill 
Cll 1985, 521+ de los agricultIrcs cultivaban las 
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New varieties help siallfarmers
 
nu/l .
'vtari'datls.atanaittlos peqtwilos agrhcuItre' 

beans revealed that 52% of the farmers were 
cultivating new black-bean varieties on three-
fifths of their land area in 1985. An estimated 
15,000 ha were planted with new bean vari-
eties, and farmers realized an increase in net 
benefits of US$1.2 million. Costa Rican bean 
production peaked in 1984 and again in 1985. 
Bean imports ceased in 1985 after having
averaged over 12,000 t/yr over the period from 
1981 to 1983. 

nuevas variedades de frijol negro en tres quin
tas partes de sus propiedades. Se estirna que se 
sembraron 15,000Iha Coll aqU1llas, y los agri
cultores incrementaron sus beneficios netos en 
US$1.2 rilloncs. La producei6. de frijol en 
Costa Rica alcanz6 un nivel sin precedentes en 
1984y nuevaniente en 1985. Las importaciones 
de frijol al pais cesaron en 1985 despu6s de 
alcanzar un promedio de 12,000 t/afio entre 
1981-1983, 
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Bean adoption often depends on color 
A menudo elfrjol se adopia por su color 

Adoption of improved bean varieties has 
been even more striking in Argentina. Ac
cording to a study by the Estaci6n Experimen
tal Agroindustrial Obispo Colombres 
(EEAOC), new varieties that did not go into La adopci6n de variedades mejoradas ha 
commercial production until 1982 were being sido muchomfs impresionante en Argentina. 3 

used by an estimated 85% of the black bean Un estudio de la Estaci6n Experimental Agro
growers by 1985. Over 40,000 ha were planted industrial Obispo Colombres (EEAoC) cal
in the new varieties and farmers realized net cula que 85% de los cultivadores de frijol negro 
benefits of US$2.5 million. Without changing estaban usando en 1985 las variedades intro
cultural practices, yields increased by over 25% ducidas en 1982. Se sembraron md.s dc; 40,000 
by simply using the improved varieties. Argen- ha de aqu llas, y los agricultores obtuvieron 
tina now exports black beans. beneficios netos de US$2.5 millones. Sin cam-

New varieties developed in collaboration biar pr~cticas culturales,. los rendimientos 
with the. Instituto de, Ciencia y Tecnologfa aumentaron en 25%Y con la mera introducci6n 
Agricolas (ICTA) are. also being grown com- de las variedades mejoradas. Argentina ahora 
mercially in Guatemala. Despite the lack of a exporta frijoles negros,. 
formal seed distribu tion system, new varieties Nuevas variedades desarrolladas en colabo 
were belnggrown by an estimated 4000 Gua- raci6n con elInstituto deCiencia y Tecnologfa 
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temalan farmers, 85% of whose farms are less 
than 7 ha. The new varieties not only performed 
well in bean monoculture, where farmer yields 
rose some 30%, but also in traditional cropping 
systems with maize and sorghum.
Useful Feedback 

The adoption studies provide useful feed-
back to guide future research. For example, it 
was found that apart from yield, farmers rank 
the upright architecture of the improved va-
rieties as a very desirable trait. fhe studies also 
show that in Guatemala many growers want 
improved, early-maturing varieties, while in 
Costa Rica, surveys identified anthracnose as 
an escalating problem. As a result, the disease 
is now receiving greater attention from re-
searchers. Feedback from these adoption stu-
dies will benefit continuing research under-
taken by national research programs and 
CIAT. 

rr 

Agricolas (ICIA), tambi6n estin siendo culti
vadas comercialmente en Guatemala or 4000 
agricultores, 85% conde 61los menos de siete 
hectireas. Esto a pesar de la falta de un sistema 
formal de distribuci6n de senilla. Las nuevas 
variedades no solamente se desempefian bien 
en monocultivo, alcanzando rendimientos su
periores en un 30%, sitio tambitn en los siste
inas tradicionales de cultivo con maiz y sorgo. 

Informaci6n de Retorno 
Los estudios de adopci6n proporcionan in

forrnaci6n de retorno 6til para las investiga
clones futuras. Por ejenplo, se encontr6 que
adenis del rendiiniento, los agricultores apre
clan la arquitectura erecta del frijol. En Gua
temala mucIos cultivadores quieren varieda
des precoces mientras que en Costa Rica se 
identificaron como prioritarios los problemas 
con la antra'nosis por lo cual se esti investi
gando mis esta enfermedad. 

New varieties in Guatemala 
Nuevas varietades en Guatem,,ala 
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L.a yuca sC cultiva principalmente como un 
alinmento rural, per(o su importancia como 

Cassava is primarily cultivated as a rural iugrediente en los concentrados para anirnales, 
staple, but it is growing in importance as an y el iuters por facilitar sU consuio en los 
ingredient in animal feed and is gaining greater centros urhanos estain creciendo. Ell C mundo, 
acceptance in urban centers. About two-thirds ceica de dos lercios de la yuca que se produc;. 
of the cassava produced worldwide is used for Cs paall'. htlmano, en buena parle enCOnStiino 
human food, at least half of which is processed fornia de harinas v almid6n. lPUdiendo sobre
into flour, meals, and starch. Capable of vivir yprosperar en periodos de scquia prolon
thriving under periods of prolonged drought, gada en los sueos mis pobres, hi Vuca es 
and able to grow in poor soil, cassava is being reconocida como fucnte econ6mica de carbo
increasingly recognized as an economical, hidratos para cl mundo. 
carbohydrate food source for the world. La yuca es un magnifico cultivo de subsis-

Cassava is a hardy subsistence food that has tlncia, quc, como Ual, ha ganado la reputaci6n 
deservedly earned its reputation as a 'famine de "reserva para las hambronas'. Es Un cultivo 
reserve crop'. It is a crop to be planted in case quc sc siembra donde otros fracasita. La yuca 
other crops fail. The plant has long been sicmpre ha sido un rccurso importante debido 
considered as an important crop because dur- a que dUrante las sequias, coando la mayoria 
ing drought, when most other crops are with- de los otros cultivos se inan..hi'an o mueren,la 
ered or dead, cassava continues living and yuca sobrevive y proporciona alimento. 
providing nutrition. M uchos Usos 

Many Uses 1l Programa de Yuca busca inipulsar a la 

The Cassava Program aims to expand cas- yuca ic la posici6n de alimento rural tradicio
sava's role as a traditional rural staple to a nal a la dc fuentc importante y versdtil de car
major, multi-use source of food for humans bohidi::tOs paraseres homanos y animales. Sin 
and animals. However, increasing production embargo, cl aumcrto de s;u producci6n es s6lo 
of the crop is only part of the process. It has lmric dci proceso: la tecnologia de producci6n 
been found that cassava production technology dc hi ,tcadebe estar ligada al procesaniento y 
must be linked to processing and marketing. al Inercado. 
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CIAT-developed production technology fo-
cuses on breeding varieties of cassava that are 
capable of producing acceptable yields under 
marginal conditions, with limited chemical use 
and without the need for irrigation. The vari-
eties, produced in collaboration with national 
research programs and tolerant to diseases, 
drought and insects, are now being grown 
throughout the tropical world. 

Recent research has even solved the problem 
of how to control the deterioration of fresh 
cassava. Roots are dipped into an inexpensive
fungicide commonly used on potatoes and 
bananas and then sealed in plastic bags. This 
treatment will keep the root harvest fresh for 
two weeks and allows the sealed crop to reach 
the marketplace without deteriorating. Con-
sumers have shown a preference for this treated 
cassava. 

Weighing cassava harvest at CIAT 
Pv.wtIdh, i ' ' I ta ,Iia 1o i 'l ( /..II 

La tecvologia de producci6n del CIAT se 
enfoca ,' desarrollo de variedades de yuca 
capaces de producir rendirnientos aceptables 
incluso en condiciones marginales, con pocos
agroquimicos y sin riego. Las variedades tole. 
rantes a enfermedades, scquia e insectos, pro
ducto de las investigaciones del CIAT v de los 
programas nacionales, ya estan empezando a 
cultivarse en todo el mundo. 

Investigaciones recientes han resuelto incliu
so el probleina de c6mo controlar el deterioro 
dc la yuca fresca. Sus raices son surnergidas en 
tin fungicida ccon6nico, corninmente em
pleado en li papa y el banano, y se empacan en 
bolsas plisticas. Este tratamniento mantiene 
frescas las raices por dos sernanas, tiempo sufi
cientc para llegat a los niercados urbanos sin 
deteriorai se. los consurnidores han mostrado 
preferencia por este sistema. 
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The Market Grows 
Contrary to studies that show that normally 

the consumption of starchy staples decreases 
as income levels rise above a certain level, there 
is evidence that suggests that the consumption 
of fresh cassava does not decrease in urban 
areas as income levels rise. With improved 
cassava storage methods, and increased pro-
duction from better varieties, the demand for 
cassava in urban markets is expected to 
increase. 

Cassava's use in animal feed is growing, 
reflecting a rising demand, particularly in the 
swine and poultry industries. Instead of using 
imported cereals such as maize anu sorghum, 
several developing countries in Latin America 
and Asia are starting to use nationally pro-
duced cassava. This could help to reduce 
import dependency and put less strain on the 
balance of payments. 

New potential is being recognized for this 
long -neglected crop. The root's role as both a 
caloric source and as a basis for social devel-
opment is increasing in Latin America. As 
more varieties are released, accompanied by 
management technology and expanded mar-
kets, the door is being opened to greater self-
sufficiency for many developing countries. 

Cassava is ealenby 700 million people 

.S'etienlosmnillone. (t, per.sonas con.unwn yuca en elimundo 

El Mercado Crece 
Algunos estudios muestrau que el consumo 

de ftculas normalmente disminuye a medida 
que los ingresos sc brepasan un cierto nivel; sin 
embargo, no hay evidencia de que el consumo 
Je yuca fresca disminuya en las Areas urbanas a 
medida que aumentan los niveles de ingreso. 
Con los mejores m~todos de almacenamiento y 
el aumento de la producci6n de variedades 
mejoradas, se espera que la demanda en los 
mercados urbanos tambi6n aumente. 

El uso de la yuca para la alimentaci6n ani
mal tambin estd aumentando, especialmente 
en las industrias de cerdos y a.'es. En lugar de 
cereales importados, como maiz o sorgo, varios 
paises de Amrica Latina y Asia estAn empe
zando a usar la yuca producida localmente. 
Esto podria contribuir a reducir la dependen
cia de importaciones y aliviar ia presi6n sobre 
sus balanzas de pagos. 

Se estt reconociendo el potencial de este 
cultivo largamente igr.orado. Su papel como 
fuente de calorf as y recurso para el desarrollo 
social estA aumentar.do en Am6rica Latina. A 
medida que se liberan rAs variedades, junto 
con su tecnologia de manejo, y se expanden los 
mercados, se abre el camino a ]a autosuficien
cia alimentaria en muchos paises en desarrollo. 
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New Developments in Cassava Germplasm 
Exchange 
Speeding Up the Process 

Avances en el Intercambio de Germoplasma
 

Two pests, the green spider mite and the 
mealybug, caused an estimated two billion 
dollars worth of damage to African cassava 
last year. In some areas, losses were so severe 
that farmers began abandoning the crop alto-
gether, despite its history as a famine food. 
Bacterial blight is also causing serious crop
losses in Africa. The ;e pests and pathogens all 
originated in the Americas (in genetic material 
exchanges that did not involve CIAT). These 
are among the numerous examples where the 
chance introduction of an exotic pest or pa-
thogen has been catastrophic. 

Inherent in the potential benefits to be 
gained from the exchange of genetic materials 
are the risks posed by the chance transfer of 
exotic pathogens and pests. CIAT cassava 
scientists, concerned about these dangers, are 
making significant strides in developing sani-
tary measures to minimize the risks of spread-
ing destructive organisms. 

de Yuca 
Acelerando el Proceso 

Dos plagas, el Aicaro verde y el piojo hari
noso, causaron un dafio avaluado en dos mil 
millones de d6lares a la cosecha de yuca afri
cana el afio pasado. En algunas ireas, las p6r
didas fueron tan grandes que los agricultores 
comenzaron a abandonar el cultivo definiti
vamente, a pesar de ser tin recurso contra la 
hambruna. El afiublo bacter;al tambi6n est, 
produciendo severas p6rdidas en cultivos afri
canos. Estas plagas y enfermedad se introduje
ron de las Am(ricas en intercambios ajenos al 
CIAT. Como ste, hay numerosos ejemplos de 
introducci6n accidental de plagas o pat6genos
ex6ticos con consecuencias catastr6ficas. 

Junto con los beneficios potenciales del 
intercambio de materiales gen6ticos estin los 
riesgos de transferir tambi6n pat6genos y pla
gas ex6ticos. Los cientificos del CIAT, con
cientes de estos peligros, cstln desarrollando 
medidas sanitarias que minimicen tules ries
gos. 
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New Methods NMtcvos M todos
Cassava can be exchtinged as either sexual l-r|
colahoraci6ti Conclenlilios del Scottishseed or in vegetativelform. CIAT scientists ( lop I v(i I nitc ,dcliI IA. cientificosdJICI ATworking with tile Scottish Crop Institute anid halln dv'atrrollado tor llas nlworadas v mlmisI ITA have developed improved ind siafer ways (:clras de trallsl rit Waleriales propagadosto Iransfeler vegetat ively propagated materilta 

and botanical seed, The approach has Iocused 
poltlsmilla 6o4)(U ca. I.a 

on 'l ca pu1de itwamh111i1 Itolradeveloping more sophisticated mIa ns of Iolll aI 'il dtilwI toch,ha c~toc'ado haciapatl ogen cradication and tile detection of' medio, ilis ,oi ticad, '.Itedctci',n yerradidisease agents, especially virtuses, The ef' rilcr'+r de pal ('gcios e',p0*.ates (iahdcntcketiveness of these neans depends on the strict SnNius. depdc de iaeectis idad Isti iotaapplication of the ilmeastlres by both donor aplicach n ale [edia#,Ihe tu1o Pu' t doteand the recipient, 
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One of the more promising methods in
volves eradicating rather than detecting pa
thogens. Before germplasm is transferred, mi

crowaves are used to destroy fungal and bacte-
rial pathogens in botanical cassava seeds. This 

method is superior to both the previously used 
hot water or dry heat treatments. 

Evidence shows that the best way to guard 
against spreading seed-borne pathogens is to 
begin by collecting mature tricapsular fruits 
(the pods containing cassava seed) from healthy 
plants and drying them before removing the 
seed. The seeds are then put in water; those that 

float, an indication of disease, are discarded. 
Next, approximately 100 seeds are placed in a 
container of water and microwaved with 1400 
watts of power for 120 seconds. Finally, the 
seeds are dusted with Arasan (tetramethyl-
thiuran disulfide) and packed in sterile paper 
bags. 

An important development in virus detection 
methods for indexing cassava has also been 
found. Cassava viral-specific, doubled strand-
ed, RNA products are being detected using 
electrophoretic techniques. The isolation and 
analysis of this type of nucleic acid makes it 
possible to detect cassava viruses without the 
use of virus-specific antiserum. The use of this 
technique in combination with other methods, 
such as grafting and the enzyme-linked im-
munosorbent assay (ELISA), provides a reli-
able and sensitive virus indexing protocol. 

These developments are helping to increase 
the amount of cassava vegetative material and 
botanical seeds that can be safely exchanged 
between continents or countries. This will 
inevitably speed up the process of developing 
improved cassava hybrids that combine disease 
and pest resistance with high yield. In the end, 
it will Lelp to provide more food in areas of the 
world where the need is steadily growing, 

Uno de los m6todos mis promisorios es el de 
erradicar, en lugar de detectar, los pat6genos. 

En las semillas bot~inicas de yuca se utilizan 
microondas para destiuir los pat6genos fungo

sos y bacterianos, m6todo superior al agua 
caliente y al calor seco que se usaban previa
mente. 

La evidencia demuestra que la mejor manera 
de protegerse contra la difusi6n de pat6genos 
de la semilla empieza recolectando frutos tri
capsulares maduros (quc contienen la semilla 
de yuca) de plantas sanas y secdndolos antes de 
remover las semillas. Etas se colocan despu6s 
en agua; aquellas tiue fl(tan indican posibles 
cnfermedades y son descartadas. Luego, se 
colocan en agua en grupos de aproximada
mente 100 y se someten a microondas de 1400 
vatios por 120 segundos; despus se espolvo
rean con Arasan (bisulfato de tetrametil
tiuran) y se empacan en bolsas est'riles de 
papel. 

Tambidn sL ha avanzado cn mdtodos de 
dctecci6n de virus para la indi.aci6v de yuca. 
Productos virales con ARN de doble hebra 
altamente especificos estdn siendo detectados 
con ttcnicas electrofor6ticas. El aislamiento y 
ani'disis de este icido nucleico permite detectar 
virus de la yuca sin necesidad de usar anti
sliero. 'sta t&nica, en combinaci6n con otros 
mitodos com(o la injertaci6n y la prueba 
[LISA, proporciona un procedimiento con
fiablc y sensible para la detecci,',n de virus. 

Fistos avances estiin ayudando a aumcntar la 
cantidad de material vegetativo y sexual de 
yuca para intercambio sin ricsgos entre conti
nentes y paises, 1o cual acelerar'i el desarrollo 
(ie hibridos inejorados de yuca cn ircas con 
necesidades alimenticias crecientes. 
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Cassava 
A Famine Reserve Crop 

Yuca 
Reserva para las Hambrunas 

El descubrimiento por parte de los cientifi
cos del CIAT de la propiedad que tiene la yuca
de sobrevivir a la sequia, y la cornprensi6n de la 
fisiologia de su supervivencia facilitan la iden-The discovery by CIAT scientists that cas- tificaci6n de varicdades superiores tolerantes asava is uniquely able to survive drought, lasequia. Estosconocimientosestinayudando

combined with their understanding of the a los fitomejoradores a seleccionar plantas quephysiology of the survival process is making no solamente sobreviven sino que podrian serthe identification of superior, drought-tolerant altamente productivas en ;ireas con precipitavarieties easier. This knowledge is helping ciones hajas e inciertas, tales como lasbreeders select plants that not only survive but 
de 

Africa y el nordeste de Brasil.

could also be highly productive in areas

susceptible to drought and limited rainfall, Estomas Sensiblessuch as regions of Africa and northeastern Lacapacidad especial de layuca parasopor-Brazil. tar el estr~s por agua ha sido asociada con sus 
Sensitive Stomata estomas, unas aberturas microsc6picas en laepidermis a trav6s de las cuales las plantasCassava's special ability to withstand water- intercambian gases y vapor de agua con larelated conditions has been traced to its stoma- atm6sfera. En la mayoria de las plantas losta-the microscopic openings in the epidermis estomas se abren durantc el dia para transpithrough which the plant exchanges atmospher- rar: absorben CO,y emiten vapor de agua. Elic gasses and water vapor. In most plants the 
 bi6:,ido de carbono se conviertc en azficares
stomata open during the daytime, when tran- utilizando la energia del sol, un proceso conospiration occurs: C0 2 is taken in and water cido como fotosintesis.vapor is emitted. The carbon dioxide is con- La mayoria de las plantas abren sus estomasverted into sugars using the sun's energy which cuando hay sutficicntc agua en el suclo; si 6stais captured by the leaves. The process is called disininuye radicalmcntc, eventualnente cicphotosynthesis. rran sus estomas para red uci r la ptrdida dcMost plants open their stomata when there is agua. l)urante periodos sccos largos, cuandosuffficient water in the soil. If the water supply escasca la humedad dcl suelo, las plantas mileradically diminishes, most plants eventually ren at Iile tenganmenos un sistema especial declose their stomata to reduce water loss. During defensa. El cacto y ]a pifia, por ejeniplo, alma
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long dry periods, when soil water is depleted, 
plants die unless they have special defense 
systems. Cacti and pinneapples, for example, 
possess these special defense systems. They 
store carbon dioxide in the form of organic 
acids at night and convert these acids to sugars 
the following day with the coming of the 
sunlight. This process uses very little water, but 
productivity is very low. 

Cassava, more than any other major crop, 
has stomata that are highly sensitive to direct 
changes in humidity. Rather than keep its 
stomata open until the soil water is depleted, 
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Cassava root yield in response to water shortage. 
lOtItulCci (IC raiCC ti NULI Ci1Iiiillt' d Id C+itL ti.C; Fg L. 

cCnan di6xido iecarbono cn forma de Acidos 
org'inicos (Iurantc la noche y Ai dia siguiente 
los coniiertei eli ait/Icares Col hi ayuda del sol. 
Iste p-oceso usa muy poca atgua, pero ht pro
ductividid Cs nuy baja. 

los tslolas (ICILyuicI SoilnInas sensiblcs a 
Cain bits directo.s ct la humedad del aire tie 
los dle ,tras CspeciCs alimclneticias. [In lugar Ie 
IImanite ncilus Abiel I(os hasta qlue sc acabc ci 
agtna del suIclo, Ils ciera taltpronlo sicnte una 
d isninrui6n en "Iihttnedtad dcl ai rc. FEsta rcac
tiion para conservar ayua permitc t ht yuca 
sobrevivir las seqtuias; pero cl prttceso tamhi6n 
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Cassava stomata 
Lst(mas de yuca

While all of these mechanisms allow cassava 

to survive and use limited water efficiently, 
they do not by themselves indicate how the 
cassava plant manages to produce so well 
under drought conditions. The explanation lies 
in another unique physiological response to 
water stress. When cassava lacks water it stops 
producing new leaves and the limited products La Investigaci6n Beneficia a 
of photosynthesis are diverted to the roots. So, los Agricultores
even though total growth is drastically reduced, lsArcloeroot growth remains stable. C6mo ayuda esta investigaci6n a aumentarla oferta de alimentos y garantizar su estabili-
Research Benefits Farmers dad? Permiti6ndolcs a los agricultores benefi-

How does this research help increase food ciarse de lacapacidad de supervivenciadel cul
supply and guarantee stability? By enabling tivo. La planta de yuca es ms sensible a la 
farmers to take advantage of the crops' survival humedad del aire que a la del suelo. Durante la 
characteristics. The cassava plant is more estaci6n seca la yuca puede intercalarse con 
sensitive to air humidity than to the amount of cultivos como el maiz, lo que aumenta la 
soil water. In the dry season, cassava can be humedad del aire. Incluso los drboles en culti
intercropped with crops such as maize. The vns en franjas tendrian el mismo efecto posi
result of this intercrop system is a beneficial tivo. A largo plazo, los conocimientos sgbre 

increase in the air humidity. Even using trees in c6mo la planta sobrevive podrian emplearse 
alley cropping could have the same )ositive por los fitomejoradores paradesarrollar varie
effect. In the long run, plant survival knowl- dades de mayor rendimiento y con la rustici
edge can be used by breeders to develop higher dad de algunas de las variedades locales amplia
yielding varieties that possess the hardiness of mente cultivadas. 
some of the widely grown local varieties. Estos conocimientos pueden proporcionar 

This knowledge can provide a more stable un producto alimenticio mAs estable para los 
staple for the 700 million regular cassava 700 millones de personas que lo consumen 
consumers. It suggests that by taking suitable regularmente. Con un germoplasma adecuado 
germplasm to drier regions, cassava cultivation se puede ampliar el cultivo de yuca en las zonas 
can be expanded into those parts of the tropics secas de los tr6picos donde un r6gimen incierto 
where uncertain rainfall causes tragic periodic de lluvias causa peri6dicas hambrunas. Es casi 
famines. It is, after all, almost axiomatic that un axioma que donde hay y' no hay ham
where there is cassava, there is no famine. brunas. 
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Cassava Drying Plants 
Thousands Benefit from the Technology 

Plantas de Secado de Yuca 

Large numbers ofsmall-scale farmers on the 
North Coast of Colombia have benefited from 
a rapidly growing cassava drying operation 
spearheaded by Colombia's Integrated Rural 
Development Program (DRI) and CIAT's 
Cassava Program. 

The cassava drying technology originated in 
Thailand and Malaysia, where the starchy 
roots are chipped by a simple, durable machine 
and sun-dried on a concrete floor to be used for 
animal feed. CIAT modified the chippers and 
studied the economic and social aspects of the 
technology's contribution to Latin America. 
DRI contributed the organizational innovation 
of linking the chipper technology to cassava 
grower associations. The Canadian Interna-
tional Development Agency (CIDA) provided
the initial funds for the program. 

The three organizations have promoted solar 
drying in the region since 1980. The processing 
and social technologies were first tested in a 
pilot plant in 198 1, and the number of plants
has doubled since then. By 1985, 20 plants
produced 3000 tons of dried cassava, and 
another 18 have been built for the 1985-86 
drying season. Each plant is operated by an 
association or a cooperative of small-scale 
farmers. So far, none has failed, 

Miles se Benefician con la Tecnologia
 

Gran nfimero de pequefios agricultores en lacosta norte de Colombia se han beneficiado 
con una pr6spera operaci6n de secado de yuca 
impulsada por el Programa de Desarrollo 
Rural Integrado de Colombia (DRI) y el Pro
grama de Yuca del CIAT. 

La tecnologia de secado de yuca se origin6 
en Tailandia y Malaysia. Alli pican las raices 
con una sencilla miquina y las secan al sol 
sobre un piso de cemento para uso posterior en 
la alimentaci6n animal. El CIAT modific6 las 
picadoras y cstudi6 los aportes eco,16micos y
sociales de la tecnologia para Am&r.ca Latina. 
El DRI contribuy6 con la organizaci6n de las 
asociaciones de cultivadores para el secado de 
yuca. La Agencia Canadiense para el Desarro
lo Internacional (ACDI) aport6 los fondos 
iniciales para el programa. 

Las tres oiganizaciones han promovido el 
secado de yuca en la regi6n desde 1980. Las 
tecnologias se ensayaron primero en 1981 en 
una planta piloto. Desde entonces el nfimero 
de plantas se ha duplicado. En 198 5, 20 plantas
produjeron 3000 toncladas de yuca seca y otras 
18 fucron construidas para la estaci6n de siem
bra de 1985-86. Cada planta cs operada por 
una asociaci6n o cooperativa de pequefios 
agricultores sin ' tic hasta el momento haya 
fracasado ninguiia. 
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i~The Poor Benefit Most Los mnds Pobres se Benefician mas
 
There were 394 members in the 20 companies En la temporada 1984-1985 habla 394 socios
 

operating in the 1984-85 season. Another 100 en las 20 empresas. Otros 100 no socios traba
non-members worked for them as paid labor, jaron para ellos a jornal y 205 1 no socios les
 

j and 2051 non-m'embers sold cassava, resulting vendieron yiica, con lo cual hubo 2545 benchi
 
-in a total number of direct farmier beneficiaries ciarios directos. IncIluso Si se eliminan quienes
 
of 2545. Even eliminating members and non- vendieron poco, y-quiencs estaban fuera del
 
members who sold very little, counting non- limite de 20 ha de tenencia queestablece el DRI
 
members as only one-half of a full beneficiary, para sus beneficiarios, el total de beneficiarios
 
and ignoring all those who fell outside the 20 es alto: 1200 en un anio.
 
ha land-holding limit for DRI elegibility, the -La mnayor. parte de los beneficios brutos 
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a substantial 1200 in one year. 
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das-- fueron para pequefios parceicros, o sea, 
Most of the plant's gross benefits, such as the con menos de cinco hectdreas. Gran n~zmero de 4
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cultivating small plots (defined as less than five traidos a lomno de burro. La tenencia de la
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.:..-/::>
:to joining, as isevidenced by the profiles of the .ii!:" .- land owners,lanidrefOr-mbenedficiaries, renters, ' 
i!i:," hkin'siland,u'sers of communal land,. 

:.::-i":'people on ..
 

~~ construction loans.6pr osrcin 
:i;i::: 1.:farmers: renters, young peo:ple on kin's lkad,',,:
: ?>3•and sharecroppers.Only four p~er'en~tofsellers 

:: : 
p)arientes ;de Parceleros, Usuarios de tierra ; 

member,.:-s:'iaaod inemdales.. houhrtinaelosesyq~uevdin uato>os 

ycietason 

?,; .:,:
::-,The greatest-:average benefits iwent ' ,
mebr to" terrateniene n terediaios.h:: .' ''i
ihhodnso o.2hcae.El mayor beneficlo en pmeiod US$00T:h'eir, average ,gros eeftwr ::-:

US$000 ;'<.y bj s to d oortunidad, ftie pam los; :i!:!wiho oprtniyct.. Thosefarme-bsacos co 8 i:aeeas.Lcos....n
 
membe':#....'"wh no'< or just
: 'rsused land...' on autlzro irr uando mucho ,na liect&liea: ' earned aboUt US$300, maail fro wge and: . •:ganaron cerca de US$300, principtllmente e~n'•_i:,! 

In 'additio, m;:ember areecomin owners of s"o:ios8Se st nCovri nenpropietarlos de~ 
s ' h a i ff, i. pa i s -ii s oc n a th hisp...a a medida que paga lo .:p ,:':.anios 


http:o.2hcae.El


Friends and Family Make it Work 
Combined social and economic analysis 

shows how the plants have channeled benefits 
to small-scale farmers. One key has been to 
keep the plants small. A plant housing 2000 
square meters of drying floor 'tan be managed, 
staffed, and supplied by kin and friends. An 
association is a social unit (for example, 43 
percent of members have two or more kinsmen 
among the other members). The people in the 
members' social network are also small-scale 
farmers who tend to live closeby. 

When the plant's need for raw material is 
greater than the local supply, previously 
unknown sellers, mostly intermediaries and 
landlords, begin to fill the gap. The range on 
the North Coast is a circle with a radius of 10 
ki, or two hour travel time on cassava-loaded 
burros. When the farm-to-plant distance is 
within this radius, friends, relatives, and small-
scale farmers predominate, and they sell di-
rectly to the plant. 

On the basis of this experience, CIAT scien-
tists are assisting other natior.a! programs not 
only with technology but also with a model of 
how to convey that technology to the intended 
beneficiaries. In this case, a development 
program provided a bridge between CIAT 
investigation and a large number of small-scale 
farmers. 

Bagging dried cassava on Colombia's North Coast 

1i.pa,,,,.ulia pi ada en /alaosta norte tolotiana 

Los Amigos y la Familia Participan 

Los andlisis sociales yecon6micos muestran 
c6mo las plantas han canalizado los beneficios 
hacia los pequefios agricultores. Una clave ha 
sido mantener pequefias las plantas, para que 
puedan ser administradas y trabajadas por los 
socios, sus familiares y amigos. F1 43 por ciento 
de los socios tienen dos o mris familiares entre 
los otros socios. 

Los programas nacionales v los cientificos 
del CIAT estdin trabajando no s6l, con una 
tecnologia sino con un modclo dc c6mo lie
varla a las personas que se quicrc hencticiar. 
En este caso, un programa de desarrollo pro
porcion6 el puente entre las investigaciones y 
un gran niimero de pequefios agricultores. 
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Crotalaria 
A Plant More Effective than Pesticides 

Crotaiaria 
Una Planta mas Efectiva que los Plaguicidas 

Cassava is attacked by many insects andmites. The great majority of these pests feed on
the cassava's leaves and stems, leaving the
edible root undamaged. 

There is, however, one soil-borne insect,Cyrtontenus bergi, 'hat attacks the cassava 
roots causing severe yield losses in several 
regions of Latin America. This insect pest,
which could potentially spread over a larger 
range, is not only a threat to cassava but has 
also been reported to cause extensive damage
to peanuts, onions, potatoes, coffee, corn, and 
pastures. CIAT, working with national pro-
gram scientists, is looking to botanical means 
to control the pest. 

La yuca suele ser atacada por muchos insec
tos y,'caros queen su mayoria atacan sus hojas 
y tallos pero no devoran su parte comestible, la 
raiz. 

Sin embargo, un insecto subterr,'neo, la 
chinche Cyrtomenus bergi, que ataca las raices 
de la yuca, estAi causando graves p~rdidas en
varias regiones de Am6rica Latina y amenaza 
con esparcirse mls ampliamente. El insecto no 
s6lo afecta la yuca sino que tambi~n se ha
encontrado en mani, cebolla, papa, caf6, maiz 
y pastos. El CIAT, junto con cientificos de 
programas nacionales, estdi buscando formas 
botnicas de controlar la plaga. 
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Cyrtomenus bergi-damaged cassava root 
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Costly Damage 
Nymphs and adults of C. bergi feed on 

cassava roots by injecting their strong thin 
stylets through the root peel and into the 
starchy root. This enables soil microorganisms 
to enter the root, restilting in a localized rot 
that can spread through the entire root through 
its tissues. The infection, which appears 12 to 
24 hours after the insect's stylet penetrates the 
skin, presents itself as pale to dark brown 
'small pox' one-half' to one centimeter in size. 
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Damaged roots are commercially unac-
ceptable for the fresh root market and are often 
rejected by the processing market as well, 
where the roots are processed into flour or 
animal feed. Since the damage cannot be 
detected by middlemen who purchase the roots 
by the truckload or while they are still in the 
field, until after the roots are harvested and 
peeled, any evidence of a 20 to 30% root 
damage by insect infestation often results in a 
complete rejection of the root crop. Damage 
can extend to more than 60% of the roots,
which in commercial terms is always a 100% 
loss. A crop showing this amount of damage
would not even be harvested. 

The long life cycle of the insect combined 
with its ability to survive and reproduce, while 
feeding only on cassava, make the insect a 
formidable pest, necessitating the development
of a successful and economical means for its 
control. 
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Crotalaria 

(rota/aria 

Formas de Control 
Means of Control El uso de plaguicidas quimicos es costoso y 

Using chemical pesticides is Pot only costly, destruye muchos enemigos naturales de las 
it also destroys many natural enemies of cas- plagas de la yuca. Ademis, el control quimico 
sava pests. In addition, chemical control is not no siempre es efectivo, especialmente cuando 
always effective, especially where the concen- la concentraci6n de plagas es alta. 
tration of pests is high. Los cientificos del AIAT recurrieron al con-

CIAT scientists have turned to botanical trol botfjnico comno una posible soluci6n. Los 
control as a possible solution. Results show resultados muestran que cuando se siembra la 
that when cassava is intercropped with a yuca intercalada con la leguminosa crotalaria, 
legume, crotalaria, C. bergi damage can be el dafio de C. bergi puede reducirse significati
significantly reduced. lntercropping with cro- vamente. l)ebido a las caracteristicas insectici
talaria is considerably more effective than das de lia planta, se puede reducir el daflo a las 
using pesticides. How the process works is not raiccs hasta menos de un 4%. 1l intercala
fully understood, although it is suspected that miento con crotalaria es considerablemente 
crotalaria roots give off a chemical that is m/is efectivo que el uso de plaguicidas. Aunque 
detrimental to the insect's life cycle. Due to the no se sabe muy bien c6mo funciona el proceso, 
plant's insecticidal characteristcs, rcot damage se sospecha que las raices de crotalaria despi
can be reduced to less than 4%. Crotalaria, den una sustancia nociva para el ciclo vital del 
acting as a green manure, also benefits in insecto. Tambi6n la crotalaria actta como 
replenishing soil nutrients. abono verde y restituyc rutrimentos del suelo. 

Intercropping with crotalaria, however, does FEste procedimiento, sin embargo, reduce los 
reduce cassava yield under disease-free con- rendimientos de ia yuca en condiciones de 
ditions, by approximately 22% due to plant salubridad en tin 22%debido a lacornpetencia. 
competition. While this is an acceptable yielc! Esta p(3rdida monetaria es aceptable en corn
loss when compared to the more than 60% paraci6n con tin dahio de nAis (de 60% (y la 
damage (and complete crop loss) to cassava p(rdida total) (de cultivo afectado por C. hergi. 
affected by C. bergi, scientists believe that the Los cientificos crcen title li asociaci6n yuca
cassava-crotalaria association can be manipu- crotalaria podria ser manipulada para que no 
lated so that there is no reduction in cassava se reduzcan tanto los rendimientos de lia yuca, 
yield. Crotalaria benefits the plant by en- y aunque la crotalaria enriquecc cl suelo, cstin 
hancing soil nutrition, but CIAT scientists are buscando otros cultivos (ic mayor valor co
also looking at other crops that are of higher mercial que se puedan intercalar con Ia yuca y 
commercial value and that will also reduce C. que tambien puedan reducir el dafio ie C. 
bergi damage when intercropped with cassava. hergi. 
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Mycorrhiza 
A Root Fungus Shows Promise 

Scientists have found that certain fungi thatattach themselves to plant roots effectively
increase the root's nutrient-absorbing capacity,
thereby improving the yield of food plants.
Called mycorrhizae, they form a symbiotic 
association with the root cells of vascular 
plants, with their threadlike hyphae function-
ing similar to root hairs to take up minerals. 

Technology for the Farmer 
Mycorrhizal associations can be especially

beneficial in tropical America where the major,
soil-related, chemical constraints are de-
ficiencies of phosphorus, nitrogen, and po-
tassium-the chief elements in fertilizer. Such 
acid, infertile soils commonly are found in 
areas that have very poor infrastructure such 
as roads and railways, as is the case in the vast 
savanna and rain forest areas of tropical
America. This inherently limits inputs. In the 
Andean mountain regions, most of the areas 

with marginal soils used for ci op productioi 

are 
 cultivated by small-scale farmers who 
cannot afford to purchase lime and fertilizers.

Mycorrhizal management, therefore, is a 
biological technology well-suited to the small-
scale farmer cultivating marginal land. CIAT 
research is discovering that naturally occurring
mycorrhizal fungi benefit many crops. In fact,
without mycorrhizal associations, cassava and 
pasture plants would not yield in acid, infertile 
soil, and beans would yield very little. 

Micorriza 
Un Hongo Radical Promisorio 

Los cientificos han encontrado que ciertos 
hongos q ue se adhieren a las raices de las plan
tas aumentan su capacidad de absorber nutri
mentos, lo cual hace aumentar los rendimien
tos. Conocidos como micorrizas, estos hongos
forman una asociaci6n sinbi6tica con las c6lu
las de la raiz de las plantas vasculares, y sus 
hifas en forma de hebras funcionan como pelos
absorbentes de minerales. 

Tecnologia para el Agricultor
 
Las asociaciones micorricicas puedn 
 ser 

especialmente beneficiosas en Amnrica tropi
cal, donde los principales limitantes quimicos

del suelo son las deficiencias de f6sforo, nitr6
geno, y potasio. En las extensas sabaias y bos
ques de Amrica tropical con suclos acidos y de
 
baja fertilidad, las infraestructura. viales son
 
muy pobres, lo cual limita la provisi6n de 
insumos. E.n la regin andina, la mayoria de los 
suelos inarginales son cultivados por pequefios
agricultores que no pueden comprar cal o 
fertilizantes. 

El manejo de !as micorrizas, por lo tanto, es 
una tecnologia biol6gica apropiada para quien
cultiva tierras marginales. Las investigaciones
del CIAT estfin mostrando que los hongos de 
micorrizas nativas beneficiin a muchos culti
vos. De hecho, sin 6llas la yuca y las pasturas 
no produciran nada en suelos ,cidos e inf6rti
les, y los frijoles rendirian iuy poco. 
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Afycorrhi:alssymbiosis wth a root 

the farmer in special plots to produce infected
jhost plant roots or infected soil, which can be

used as inoculum. This material can be placed

undera cassava stake in the field, forexample,

or applied- directly t tsoilthe around plants. 

The manner in which the inoculumn isapplied is 

very important for the competitive growth of 

the introduced fungi, CIAT's research indicates 
that applying infected soil isthe most practica-
ble inoculation method, Since thle production

of inoculumn and its application are done by

hand, the method would be suited 
 to small 

farms after further development, 


Yields Increase 
Field inoculation increases cassava yields on 

acid, infertile soils, In 34 experiments, most of' 
them conducted on farmers' fields and using all
recommended agronomic practices, cassava
yields increased an average of'20%, from 19,3 
to 23,1l/a yorizlmngmn add a n
additional step to cassava cultivation, It helps
the plants to use more efficiently applied
inputs, In the long run the added costs are 
more than compensated by significantly In-
creased yields. 

raices hosPedantcs infectadas o s'uclo infectado 
que pueden servir como in6culo. Este material 

. * ut*t>se coloca, por ejiplo, bajo las estacs de yuca 
0 se aplica alrededor de las plantas, La fornma
de colocar el in6culoces muy importanite para el 
crecimiento competitivo hiongodcl introdu
cido. Las invcstigacons del Cl ATindicanqu
hi1 aplicaci6n de suelo infectado es el mi6todo de 
inoculaci6n miss prictico puesto que es ma
nual. Una vez dec:arrollado, sert muy apro
piado para fincas peqlueflas. 

Los Renidimnientos Aumentan
 
La inoculaci6ri de campo incrementa 
 los 

rendimnientos de Ia yuca en suelos iacidos y de 
baja f'ertilidad. fin.34 experimentos, hi mayoria.
de ellos en lincas, y usando todits his priicticas
tigron6micas recomendiidas, los rendiniientos 
umientaron un pronciedo de 20%, dc 19.3 a

23.1 t/hia, Elinamnejo de his micorrizas aytida at
In planta a aprovechar is eticientcmnente los 
insunios aplicados. A lairgo plazo los rendi
mnleitos aumientan signiflcativaniente, 10 cual 
compensa los costos aidicionales, 
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CTesRice Program.pa sgii 

cant role in assisting national programs direct El Programa de Arroz del CIAT espera 
their efforts and resources in order to avoid poder colaborar significatiwamente con los 

I*Utre Iicedefcit.isestmatd tat t' ice programas nacionales en la orientaci6n de sus 
demand in Latin Anerica continues to grow at esfuerzos vrccursos para evitar ddficits fuLturos 
the annual rate of'about 3.511, as it has over the 

tsen Aia lroatilndearrcontinfia crecind den
last 20 years, production will have to increase 
rcen n

by 70("1, in the year 2000 to satisf'y this demand. sceAmraLtiaoliif 
oao ooe o 1io 0ai

The Rice Program lkocuses its i.nterests oil tile u .(' 

u nrmnas nu


Western Hemis'phere, more specifically Mexi- l rdcintnr 
ca, nd Suth70%1 en el afo 2000 para satisf'acer tal demanda.co, entrlheAneiCribean 

elc e r a ler 
a rte closely wtt eR I)ntr ferio Occidental, cspecificaniente en Mt~xico,

Am,e nra ica.,Ia the C aribe with oth F I rogranma die Ai-roz trabaja ,in ltemiis

nateinal iceol 

glto al Riceresearch n tit el Carib,
te Ir RIatin Ani~rica Central y Anl3rica del S"ur. 

globl rce nd rseachwth he nteratinal Colaboia con cl International Rice Research 
Institute f~or Tropical Agriculture (IITA) in Institute (IR I , tLUC invcstiga arroz a nivel 
areas 01fMutual Interest. Research on major globa,1yel Intol:1autional Inlst ituLte l'orTropical 
reg ional constraints is encouraged through an Agriculture (I":A), n Airas deintcr 3s inutuo. 
active network of rice specialists cooperating La investigaci6n sobr'e los principales proble
with tihe International Rice Testing Program rias regionals se canalia a tray~s iCUna red 
(IRTP). de especialistaiS Cn1 11r con el'01 Lue co(qperan 

P(IRTP Internaonal de Pruebas de ArrozProgrm StrtegyPrograma en ingh~s). 

The Rice Program, when compared to other 

CIAT programs, is small. It is, however, a Estrategia del l1rogtama 
program with extensive internatoal experi- l Programa de Arroz, cl iparado con 
ence ano a sound knowledge of regional rice olos progratmas del CIAT,cs peqUefio, pero 
production programs.This combination gives cuenta Col cxtc expericcia ygnsi citernational 
the Programpcredibility with national research conocimnto de los prograas regionales. 
programs, enabling it to work closely with Esto e da crsdibilidad y le priit strabajar dc 

them. cerca conp ,1los. 

46 

http:Program.pa


Since its beginning ill1967, the Rice Program
has concentrated its efforts on improving yields
and production of irrigated rice in the region.
Varietal improvement has been the key element 
in CIAT's irrigated rice research strategy.
Woiking with national institutions, the Pro-
gram has developed a germ plasm-based tech-
nology designed to overcome the principal 
constraints in order to increase rice production
in both irrigated and the more favored upland
(rainfcd) production systems. 

Along with this breeding work, the Rice 
Program develops widely applicable produc-
tion technology. This includes the introduction 
of appropriate farm m achinery that can be 
used in weed control and other related farming 
In vitro ritceplant 

L)esde sus comienzos en 1967, el Irograma
de A rroz sc ha c,)ncent rado eln cilicj oramiento 
dc los rcndimientos y la producciln de arroz de 
riego en la regi6. F11me1jorallinento varietal ha 
sido cl principal clemcnto (Ic su estrategia de 
in vestigaei6n . 'ratbajando Con inst it uciones 

1cionalcs, CleI llrograinl ha d(lsarrollado tcc
nologia aplicablc a arro/ de ricgo v a los sistc
inas dC sccaiil( uIs Iavo -ecid. 

Adciiis, cl Irograna dri Arroz dcsairolla 
tccnologia ( pr(Id Lccion di amplia aplica
c61, lie ineli\'C i lilt rodi 11lICeIl dc maq lina
a apropiada par-t Controlar las inalc,,s v 

otras pli cticas agricnlas con cl fin de reducir 
coslos \Nyt'lc :ar';Ictahild d de 1. ofanta. 
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ech/aical rice p ante 
to reduce costs and increase thepractices 

stability of the rice supply. This approach has 
been highly successful in many parts of Latin 
America; most recently in Peru, where CIAT 
and Peruvian scientists have made significant 
progress in moving toward rice self-sufficiency. hal sidu t.\llosoI ",ls' t.lii stlile ,tltanilclittc Ci1 

i i Ic .ic i I , ,l.ii-Ilii p i cIchI , Ali.Im p rov in g C ro p M a na ge me n t 
it tiltclilt_ ('l1 Pi't ltl tdolldc t'[ ("]'IA I v c i tillCOS 

In recent years the Rice Program has placed ba ;\ al/itI s,11i1al1 .mi'ii ha
increased emphasis on assisting national pro- Cd la III(.,;' Il1 ;ti l )u,'iIlIis:iirA. s cl!pai. 

grams to help their farmers use improved 
management practices as a means to increase MIclora nl o '. Mallcl.i) dti] ('nitli\1 
productivity. The problems confronting pro- I a 5'. c,.itI c ,," pIc n: ilacUn,Ilaici ;c 
duction vary from country to country and are Y c. I d I I / c i ( L. 
complex. Growers need information on , a i I is', iic I t ,i i, pta'

i dh). I (ICI',cliI Ii , 'la-1. 
cheaper weed and pest control, optim al seeding P,; ic ,l\U& I 

densities, and efficient crop-harvesting meth- ii \ am is 'is pa'. a ,Is x Nni trip,

ods. it,,, [ ,' t ill ,, , pc -
The Rice Program is providing national t_,t. n'w"iiai iiilui ,iI ssdi s' litluin 

programs with information about this tech- t ' V I a I ii ci, s plic. 

nology in order to help small farmers realize C t s[IIid r'h'nsi c (dc6pilllir ic iciiIiia. 

tile benefits and availability of new methods hiR;nu \ Rkl,. siC C1,55s'ia ibis clici
and machinery. Ic 

National Plans IPlees Nacion Ilc-
The Program has been able I I 1 ' sI,ImIa 1)si iii 1')( cipm (lilcctato participate a 

directly in the formnulation of conprehensive I; s II sillasitI silc p i's iiacAAMi csililHIC C11 tiC 

production plans Peru Itl tnational rice in and siL' plduli'inill 'i '' I \ l "c l aciili-

Brazil and is currently assisting Colombia to slad-ca ui iii'i isa ('tsitishbla (i',ra l si rsi 
develop its plan. It is hoped that these collabo- plali. 'l l It' I1 C:1 IItsc csi,llsmrC'C'\ ,'I, ,' ti\ 

rative efforts will stimulate production and c',tinliulIa Iu jiis'liltcii)[ \ Iait isi ; 'Vial 5(1l;

help to avoid possible future rice deficits. hcs dli Ri', t tl.'m idc miqu,. 
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Complex Problem 
The problems related to production vary 

among countries and are complex. Expert 
opinion minimizes the possibility of solving the 
problems by simply introducing improved va-
rieties into the countries' production rice bowl. 
This would probably have a minor impact 
since most countries are already growing mod-
ern varieties. Improving farming practices such 
as weed control, water management, pest man- 
agement, and harvesting technology is essen-
tial; however few national programs are 
adequately equipped to implement these prac-
tices in the immediate future. 

National Production Plans 
It is becoming increasingly clear that the 

solution to the complex range of problems in 
rice production can only be resolved at the 
national level. CIAT's Rice Program believes 
that it can play a significant role in assisting 
nationai programs to direct their resources 
toward solving these production problems. 

South American rice production and projections fotthe year 
2000. * 

Excess/ 
1985 2000 I)emand deficit 

Country Consumption Population 
(kg/capita) (millions) (thousands of tons) 

Argentina 8 32.9 263 + 87 

Brazil 67 181.0t 12127 -3437 

Chile 15 14.9 224 - 59 

Colombia 69 38.5 2657 - 670 

Ecuador 46 14 6 672 - 244 

Paraguay 20 5.3 106 38 

Peru 43 30.0 1290 - 506 

Uruguay 15 3.4 51 + 291 

Venezuela 3) 26.7 801 - 303 

Assumies an increase in population and no increases in 

consumption. 

Problema Complejo 
Los complejos problemas de la producci6n 

varian de un pals a otro. Eln opini6n de los 
expertos, el solo hccho de introducir varieda
des mejoradas no restielve el problema sino en 
grado menoi pues itmayoria dC los paiscs ya 
est~in cultivando variedades modernas. Mejo
rar prhcticas agricolas tales como el control le 
malezas, mancjo del agua, mancjo de plagas, y 
tcnologia de cosecha es cscncial, pero son 
pocos los programas nacionales enr plena capa
cidad de impleeinntar todas esas prActicas en el 
futuro inmediato. 
Planes Nacionales de Producci6n 

Cala vez es mis claro que estos problemas 

s6lo pueden solucionarse a nivel nacional. El 
Programa dc Arroz del ('IAT cree Lille puede 

jugar kil papel nmis significativo ayudando en 
tal sentido ya que cuenta con exten:;, experiel
cia internacional y conocinlientos sobru pro
duccion de arroz en it regi6n. Ayudar a los 
programas nacionales en la fornulaci6n ie 

Producci)a de atit ) en Atkrica del So v piovecc ones para el 
afio 211)0." 

IFxceslt 
I995 20))0) d,11I)cinana cit 

('0otSUtItO I'Ohla')in 
kgt.a pitt) (milo cs) (miles t ntoncladas) 

Argentina 9 32.) 263 1 87 

1trasil 67 1X.) 12127 -3437 

Chile 15 49 224 59 

(oloilia 09 38.5 2057 - 070 

licuador 46 14.6 672 - 244 

Paraguay 2) 5.3 116 3i 

lVcrfi 43 3).0 1290 - 506 

lrtiguay 15 3.4 51 ± 291 

Venert/cla 30) 26.7 801 - 303 

Se auon uin intcleowolfo I'll /a pohim-t1 I,ninguno Intle/ 

('OMIt11iO. 
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The comparative advantage of the small CIAT 
Rice Program is its extensive international 
experience and its knowledge of rice produc-
tion in the region. Based on this knowledge and 
experience, Program organizers conclude that 
the Program can accomplish more by assisting 
the national programs to set plans and define 
their goals, rather than by attempting to solve 
localized problems by conducting research at 
an international institute. 

Looking toward the future, the Rice Pro-
gram intends to increase its direct assistance in 
the formulation of comprehensive national 
plans designed to stimulate production. More 
than 50% of the additional rice required in the 
next 15 years will be needed in Brazil. This
would tend to dictate a close working relation-
ship with Brazil in future years. Plans have 
already been prepared for Rio Grande do Sul 
and Santa Catarina in Brazil. A national 
production plan has also been prepared for 
Peru and a plan is currently being developed 
for Colombia. 

Mexican and Central American rice production and projections 
for the year 2000. * 

1985 2000 
Consumption Population Demand Deficit 

Country (kg/capita) (millions) (thousands of tons) 

Costa Rica 80 3.4 272 - 36 

Panama 78 2.9 226 56-

Nicaragua 49 5.2 255 -140 

Honduras 25 6.9 172 - 67 

El Salvador 9 V.7 78 - 33 

Guatemala 5 12.6 63 - 30 

Mexico 10 112.2 1122 -629 

* Assumes an increase in population and no increase jpl 

planes y en la definici6n de metas pesa m~is en 
este momento que tratar de resolver problemas 
locales haciendo investigaciones en un insti
tuto internacional. E-1 Programa, e conse
cUencia, aumentarai su asistencia directa en la 
formulaci6n de planes nacionales detallados 
para estimularIa producci6n. 

Mdis del 501N dcl arroz adicional requerido 
en los pr6ximos 15 aios se necesitara en Brasil, 
lo cual indica que .;e fortalecerin los vinculos 
de trabajo con ese pais en el ftuturo, habi ndose 
ya formulado planes para Rio Grande do Sul y
Santa Catariia. Fxiste un plan para l'erti y se 
esti forniulando un plan nacional de produc
ci6n para ( olombia. 

Anilisis de Costos 
Una de las fotmas de ayuda del CIAT a los 

programas nacionales es el anfilisis de costos dc 
producci&6- para suplir sits necesidades futu
ras. Esto es esencial para la identificaci6n de 
lirnitaci ones de prod ucci6n y de prioridades de 
investigaci6n. Por cjcmpli, el alto costo de los 

Producci6n rncxicana N centLoatnet icna tdc ,rrof y proyccit)
tics para el afio 2000 

1985 2(W) 
(Conttinlll Poh'la'1)1 IDetmantda I)&' ict


IPa (kg capita) 1t iesl(In tIeladas)
l cs) 

(ostla Rica 80 3.4 272 -36 

I'anniiii 78 2.9 220 - 5h, 

Nicar;aila ,49 5.2 255 -140 

llondutias 25 6.9 172 - 67 

[I Sal iat l 9 8.7 78 - 33 

( ilttlcttli 5 12.6 63 31-

\1lttc ) II) 112.2 122 -t2( 

* .upone ta '-tt in retttIttim it i h tp ti lttjtltttr, i'i' 
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Brazil may face great rice shortages 
Brai puedk verst, abocado aelev~ado.s (IC] wijs dicarroz 

Analysis of Costs 
One important way that CIAT planners are 

now assisting national programs to meet their 
future production needs is through an eco
nomic analysis of production costs. This is 
essential for the identification 'of production 
constraints and establishing research priorities. 
F6ir example, the high cost of pesticides to 
farmers and the damage that results from 
excessive use indicates the need to find alterna
tive methods to control insects or diseases. 

Information on production costs is also 
helpful in determining production system prof
itability. This information is extremely valu-
able to policy makers when developing national 
production plans. Failure to consider produc-
tion costs and profitability can result in 
recommending a production system that is 
unappealing to the producer and, consequent-

toiplmntazan impratnesly, ~~~~pr 

Tasksforhe Fturerecomendando 
CIAT can' contribute to rice production in 

Latin America only in the area of varietal 
improvement for the more favored, tropical 
ecologies. For this reason, the decision has 
been made to assist national programs resolve 
their respective rice production problems by 
helpirngthem focus' and refine their''program 
strategies. In this capacity, CIAT's Rice 
Program should be able to play a 'modest but 

.catalytic role in assisting nationalfgovernments 
increase their rice production in a cost-effective 
manner. ' 

k i:, 

pesticidas y las consecuencias de su uso exce
sivo demuestran ]a necesidad de m~todos al
ternos para controlar insectos o enfermedades. 

L nomc~ or otsdpouc~
tmines'tlpaaeerna artbida 
de los sitmsd rucinepcalne 

plane's nacionaics de esta 
idl.De lo contrarlo, se puede terminar 

sistemas poco atractivos para
1()s productores y, por lo tanto, imprdcticos. 

Tareas para el Futuro 
El Programa de Arroz del CIAT solamente . 

puede contribuir en el Area de mejoramiento 
varietal para laseccologias tropicales m~s favo-. 
rccdas en Ani6rica Latina.' Por esta raz6n, ha 

.. 

tornado la decisi6n de asistir a los programas 
nacionales a enfocar y refinar sus estrategias 
jugando un papel modesto pero, catalitico al 
ayudar a los gobiernos a aumientar ]a produc
ci6n 'de arroz de una man~ra costo-efectiva. 



The Cost of Growing Rice in Latin.America 
It Could Be Lower 

El Costo de Cultivar Arroz en America Latina 
Podria Ser Menor 

II - -:,,4 4,, IA , , ;-, F- ,'. / _, 
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In 1985, the CIAT Rice Program, in close En 1985 el Programa de Arroz, en colaboracolldboration with scientists from national ci6n estrecha con cientificos de los pri ncipalesprograms, produced a detailed study ofproduc- programas nacionales, produjo un estudiation costs for most major rice production detallado de los costos de producci6n de arrozregions within Latin America. The analysis of en las principales regiones productoras derice pr'oduction costs serves as the first step in America Latina. Este anAlisis es un primerestablishing research priorities and objectives. paso para establecer objetivos y prioridades deThe average cost, in 1985, to produce irriga- investigaci6n.
ted rice on one hectare of land in 'Latin El costo en promedio de producir una hectd-America was approximately US$800. This rea de 'arroz de riego en Am6rica Latina enamount represents less than half of the cost 1985 fue de aproximadamente US$800.required Estoto grow an equal area of rice in equivale a menos de la mitad de lo que cuestaCalifornia. Production costs vary from country cultivar un Area similar en California. Sinto country. For example, in Venezuela, Para- embargo, los costos de producci6n varian fuerguay, and Guyana production costs are less temente entre paises: en Venezuela, 4Paragu ayythan $500 per hectare, whereas in Colombia Guayana son mcnos de US$500, mientras quethe cost isdouble or triple this amount, varying en Colombia son casi el doble aiando consiconsiderably between regions. The average derablemente entre regiones. La eficienciih meefficiency in Latin America, expressed as the dia en Amdrica Latina, exprcsada comci cicost to produce one ton of rice, is approxi- cot epo crua tonclada, es de alrede-mately $160. In California, it costs $238 to dor de US$160, mnientras que en California esproduce one ton of rice. de US$238. 
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Disease controlcosts $52/ha in Panama 
El controldcen/crmiedade.%cu,.s /hu en PIanamto 1S$5.W 

Too Many Chemicals 
The study revealed excessive expenditures 

for weed, insect, and disease control, especially 
in the tropical countries. Average weed control 
costs were only $57/ha; however in some 
countries these costs exceeded $100/ha. The 
use of insecticides in Colombia is extremely 
high, particularly when compared to other 
Latin American countries. In the Colombian 
Llanos, three applications per season are corn-
mon, whereas the Tolima area averages six 
applications, with some farmers spraying as 
many as 12 times in a single season. In 
Surinam, Ecuador, Panama, the Dominican 
Republic, and Venezuela, farmers also apply 
insecticides excessively. 

The study also found that fungicides are 
being used excessively and inadvisedly. Rice 
scientists believe that this misuse indicates the 
need to better understand the disease complex 
that farmers are attempting to control chem-
ically. 

Demasiados Quimicos 
El estudio revel6 un gasto excesivo en agro

quimicos, especialmente en los paises tropica
les. El control de malezas cuesta en promedio 
US$57/ha, pero en algunos paises su costo es 
superior a US$100/ha. 

El uso de insecticidas en Colombia es cxtre
madamente alto en cornparaci6n con otros 
paises latinoarnericanos. En los l.lanos colom
bianos coni(innente se hacen tres aplicaciones, 
en '[olima seis y algunos agricultores hacen 
hasta 12 aplicaciones en una sola cstaci6n. 
Tambi6n se usan insecticidas excesivamente en 
Surinam, E-cuador, Panani, Rept~blica Do
minicana y Venezuela. 

El estudio encontr6 tambibn quc los fungici
das estin siendo utilizados en exceso e inade
cuadarnente. Los cientificos creen que esto 
sefiala la necesidad de quc los agricultores 
entiendan mejor los complejos de enfermeda
des que estin tratando dc controlar quimica
mente. 
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On the average, Latin American rice farmers 
are spending $110/ha or 14% of the total 
production cost on weed, insect, and disease 
control. In Colombia $230/ha or the equiva-
lent of 18 to 20% of the total production cost is 
spent on these practices. In Ecuador, Panama, 
the Dominican Republic, and Venezuela the 
cost of control of weeds, insects, and diseases,
is 18%, 18%, 17%, and 35%, respectively, of 
the total production cost. 

In view of these findings, Rice Program
scientists have concluded that it is essential 
that the use of chemical control be critically
examined, especially in the tropical Latin 
American countries. In many rice-growing 
areas of Colombia, for example, there is no 
scientific justification for the current, indis-
criminate use of insecticides. 

RicJarmning in Cuyuta, Guatemala 
a ,nbru h ,-,I (UOt 1t, ,ta U iO',lewhi 

En promedio, los agricultores latinoameri
canos estin gastando US$1/ ha, o un 14% 
del costo total de produccin, en el control de 
rualezas, insectos y eniermedades. En Colon
bia, estos costos suman U.S$230i ha, o sea un 
18-201,' del costo total de producci6n. En 
Ecuador, Panamit, la Repflblica Dominicana y
Venezuela, ]a protecci6n del cultivo cuesta

' l%, 17C%y 35(" del costt total, respec
tivamente. 

Fn vista de estos resulttdos, los cientificos 
del Programa de Arroz han concluido que es 
esencial ,hue se examine criticamente el uso de 
pesticidas, especialmente en los paises tropica
les latinoamericanos. En muchas regiones arro
ceras de Colombia, por ejemplo, no existejus
tificaci6n cientifica, para el actual uso indiscri
minado dc insecticidas. 
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cPpprtctionC'q d itec~ 

Country 
Yield
(i/1a) 

CotTotal
(US$/i) US$/t cost % -t] Pals 

I rodolct6n
lilt) 

protduci
produccIMii 

Cow)o
ta t 

Argentina. 

Brazil 
Rio Grande 
Santa Catarina 

3.5 

4.7 
4.5 

198 

196 
126 

14 

12 
17 

7 

6 
13 

.. 

Argentina 

lirasil 
Rio Grandc 
Santa Carina 

3.5 

4; 7 
4.5 

i98 

No9 
126 

14 

12 
17 

7I 

5 
1i 

.-

Chile 0.5 90 18 20 Chile 6,5 90 18 20 

~Colomibia 
Meta 
Meta 
Tolina 

5.2 
5.9 
6.7 

217 
192 
217 

42 
35 
46 

19 
18 
20 

CololIibhiat.52 
Mea 5.2. 
Meta 5.9 

r olinla 667 

21 
217 
192 
217 

2 
42 
35 
46 

19 
18 

20 

.lcuador 
Transpla iled 
Direct seeded 

3.5 
4.0 

214 
179 

39 
22 

18 
12 " 

Ecuador 
TranII ItIIt1do 
Siembra dirccia' 

3.5 
4,0 

214 
179 

39 
22 

18 
12 

Mexico 4.5 150 18 12 MNxico 4.5 150 18 12 

PaImamli 5.5 109 32 18 • I'anmit 5.5 169. 32 18 

Paraguay 5,0 94 5 5 Ilaguty 5.0 94 5 5 . 

P'eru 
Dominican Rep. 

6.0 
5.7 

117 
140 

5 
24 

5 
17 

.'r 
Rel. loninicanji 

6,0 
5.7 

117 
140 

5 
24 

5 
17 

Uruguay 4.5 169 10 6 1rigu ay 41.5 169 10 6 

Venezuela 4,0 I1() 38 35 Velle/lIglcl 4.0 10I " 38 35 

Average 161 24 . 14 Pronedil 161 24 14 

Other Cost Savers 
Studies revealed that harvesting costs in 

Ecuador are up to three times higher than 
those of' neighboring countries The use of 

,smaller combines is recommended to help 
reduce these costs. A suitable small combine, 
1manufactured tn Brazil can be purchased for 
approximately $11,000. This is considerably 
less than the $85,000 average cost of the larger 

S ones currently being used, 
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Otros Ahorradores de Costos 
En el estudlo se cncontr6 tambi6n que los 

costos de cosecha en Ecuador soil dos a tres 
veces mirs altos que los de paises vccnos Sc 
reconiienda el uso decombinhtdas m&As pequ 
fits para reducir este costo. Una combinada 
pequefia, fabricada en Brasil, es apropiada 
paraici trab ajo y vale afrededor de US$i i1000, 
una ifra mucho menor que los US$85,000 quc 
c.uestan las grandes qucse usan en la actUal 
dad, 

.. .. 



Colombia. coldredoer ardcinot 

-edui: -):Tambi~n' " er leeuelos stOS se Ienes claro queib ue¢den 

Iisalso known that costs in Coobaca ia er emiiaS :senmbradas, o reunibe significantly decreased by reduc~ing the ,ilos agiricuitoreS Siermbran mfs semillas qiue lasi
 
amount ofseed"son.Sw Farmers ;"often use more necesariais."La aita desidad de Senillas eleval
of 


seeding rates r.aiseproductioncost yield.High
.seed than is necessary to produce an optimum C15%.s ..los eostos de produceion en Colombia en un':!:::.: 
.... growng rrigtedric,by up to 15% sice rriatedricyiedre11.cirh cinCdolombia--i" i a. onsdreblecen te prduc oIacn, Eiestudio concluy6 que la sembra dearroz

:: 
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riceiislessprofitable (on a hectarebasis)than
:The study concluded that growing rainfedl: are at leastItold5ha greaterandboth 


.systems have simiar productiotimu m 
iSmall farms using irigation, as found in 
bSanta Catarina,Brazilandparts of Peru,have 
proven tbe the most efficieudt fotprodcing
rice iCompared to, the large farms inRioie 
tGrandesiBrail where production costsdo 


Granerdeedo, d, n gazil, IOr Sul,.c i vBro t 0wh 

average $1000/ha, the small 10 ha Santa 
Catarina farms in Brazil expend $550/ha. 

Similar small farms in Peru produce 
 rice at 

under $800/ha. 
 ,'

CIAT rice scientists believe that this first 

study, though preliminary, has laid the foun-


,dation for a betterunderstanding of rice pro-
duction constrainits and will lead toinformed 
andcalculated decisions aimed, nart ii'ncreas 
.ei.. n rice p oduction. 

:gouintirofstedsrinFarersioftensmrceiS i ilv i1necesarias. aL/altresidddeseons 
pues losredimients de
i. secano es menos? rentable qUe la del de riego,:~~;!.il;ilo se son msncostoenosimilar par a bos sistemasi lasqUcei las 

Ls s' producci6n de arr n m sfi nes mucl 

[-icnite en fin5a% irrigadas pequefas, com ia
 

quehayenSantacatarina,Brasily en Pearo 
Comparadas c rn es findas de Rio, , menns 
Gran1 e doSul, doay
de el costo depodccitrea
alcnza suS$1000,las fincasmearo e

lc n a l s U $ 00 , l s f n as d i e e o de ' ) ! 

10 ha en Santa Catarina produccnarrozpor 
cercade US$550/ha, EnPer6i, fincas'p'quenias 
similares producen arroz a un costo inferior a 
US$800/h1a.

Los cientficos' de arroz del CIAT piensan 
que este estudio inicial, aunque preliminar, ha 
sentado algunas bases para entender mejor los 
problemas.de prod ucci6n de arrozylevara 
decisiones informadas que contribuyan a 

iaentar ia producci6n enila rgi6n. 
"S 
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Screening for Iron Toxicity 
New Method Saves Time 

Preselecci6n por Toxicidad del Hierro 
Nuevo M todo que Ahorra Tiempo 

Th high level of iron in acid soils is a serious 
yield constraint to irrigated rice conditions in 
several areas of Latin America. The problem is 
caused by the existence of ferrous iron in soil 
that is absorbed by the plant or oxidized on the 
root causing bronzing of the leaves and a 
reduced uptake of essential minerals. The rice 
plant thus looses its photosynthetic, food-
making capacity, resulting in reduced yields. 

The most practical means of reducing yield 
losses caused by iron toxicity is through the use 
of tolerant varieties. Although it has been 
known for many years that some rice varieties 
are more tolerant than others to high levels of 
iron, little effort has been directed toward 
breeding varieties that can tolerate this stress. 
The principal limitation in identifying genetic 
material possessing iron tolerance has been the 
lack of a suitable screening system, since the 
severity of iron toxicity is highly variable under 
field conditions. 

El alto nivel de hierro en suelos itcidos limita 
seriamente el rendimiento del arroz de riego en 
varias regiones de America Latina. El pro
blema es causado por hierro ferroso en el suelo 
que es absorbido por la planta o se oxida en la 
raiz causando bronceado de las hojas y menor 
absorci6n de minerales esenciales. El arroz 
pierde entonces su capacidad fotosint6tica lo 
cual resulta en rendimientos inferiores. 

La forma ads prctica de reducir las p(rdi
das en el rendimiento causadas por la toxici
dad del hierro es el uso de variedades toleran
tes. Aunque se ha sabido por afios que algunas 
variedades de arroz son mds tolerantes que 
otras a altos niveles de hierro, se han hecho 
pocos esfuerzos para obtenerlas. La principal 
limitaci6n para identificarlas ha sido la falta de 
un adecuado sistema de preselecci6n puesto 
que el grado de toxicidad del hierro es muy 
variable en condiciones de campo 
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Screening Method 
CIAT and Brazilian rice scientists have 

developed a simple method that permits the
rapid evaluation of a larger number of mate-

rials under 
 uniform, iron-toxic stress. This 
method allows for routine evaluation for breed-

ing lines and introduced material and improves

the process of characterizing the genetic 
ma-

terial sent to national programs via the Inter-

national Rice Testing Program (IRTP) nurser-

ies. 


The method developed for evaluating iron 

toxicity tolerance 
 consists of maintaining a

permanent, water-logged condition on an acid 

savanna 
soil where the top 10 cm of soil is

removed prior to puddling. Under these 

conditions, severe iron toxicity symptoms de-

veloped on sensitive rice varieties as early as 30
days after seeding, whereas varieties tolerant to 
iron toxicity displayed only minor symptoms.The degree of separation between known sus-
ceptible and tolerant checks was greatest at 40to 50 days after planting. 

Using this rapid method, approximately
2500 advanced breeding lines and introduced 
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IR 4763 

Reaction of Oryzica 

Mtodo de Preselecci6n
 
Cientificos arroceros 
brasilefios y del CIAT 

han desarrollado un m6todo sencillo que per
mite la rMpida evaluaci6n de grandes cantida
des de materiales bajo un estr6s uniforme de 
hierro. Con 61 se evalhan rutinariamente lineas
de mejoramiento y material introducido y se
mejora la caracterizaci6n de los viveros que
envia el IRTP a los programas nacionales. 

El m6todo consiste en mantener permanen
temente inundado un suelo de sabana Aicida del
cual se rei lueven los 10 cm superiores antes del 
fangueo. En estas condiciones aparecen sinto
mas de grave toxicidad de hierro en variedades 
sensibles incluso a los 30 dias de sembradas 
mientras que las variedades tolerantes al hierro 
s6lo muestran sintomas menores. El grado de
separaci6n entre los testigos conocidos como
tolerantes y susceptibles fue mayor 40 a 50 dias 
despus de ]a siembra. 

Con este m6todo rdpido aproximadamente
2500 lincas avanzadas de mejoramiento ymateriales introducidos fueron evaluados por
tolerancia al hierro en una sola siembra. Des
pu6s de 50 dias se identificaron 677 entradas 

40 50 60 

Days after planting 
I)ias tlespu s tId ClSIC bra 

- ORYZICA I m DAMARIS 
I and Damaris (tolerant) and IR 4763 (susceptible) to irontoxicity. Scale: I = highly tolerant; 5 = susceptible. 

Reacci6n de Oryzica I y l)amaris (Iolerantes) v IR 4763 (susceptible). latuxicidad del hierr,. Iscala: I = altamente thleraite: 5 =susceptiblc. 
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Iron-damagedriceleaves 

materials were evaluated for iron tolerance in a 
single planting. After 50 days, 677 entries were tln tolcrintcs a hicrro coiii(o cl icstigo tole
identified as being as tolerant to iron toxicity as rantc '0i yica I'. Sit cinhargo, s6l, Q5 dc 6lias 
the tolerant check (Oryzica 1). However, only Ionian it resistencia iiiiima a las cnlfermeda
95 of these 677 samples possessed the minimal dICs rccucrida en las, arcas alfectadas por lia toxi
disease resistance required in areas where iron cidlad dcl hierro. Las 95 entradas promislilas 
toxicity is a constraint. The 95 promising Ifcroll icdcidais a 38 dcsputjs de elirinar 
entries were further reduced to only 38 by iviatcriales Con calidad dl grano y tipo de 
eliminating material with unacceptable grain planti inaccptablcs. Iri rcsuiien, de las 2543 
quality and plant type. In summary, of the lineas prlobdas s6o 3.8 ctiirplicroli Con los 
2543 lines tested, only 38 met the minimal requisitos noiliiims par;, oso conc rcial Cn 
requirements for commercial use in regions rcgiones Con prohleilia'; de toxici( ad de hicrro. 

confronted with an iron toxicity problem. This Fsta rapida evaliacioii eorntribyivc considcra
rapid evaluation for iron toxicity tolerance bleinente a la c1 Iclicia du Ins progralias 

greatly increases national programs efficiency nacionalcs putssolo rcciben 3,X lincas tolcran
since only 38 tolerant lines will be included in tes al hierro cn los vivcros dcl IRIP dcslinldos 
the IRTP nurseries designed for areas where a tOnas Con dich prohlcilia. 

iron toxicity prevails. 

Mysterious Mechanisms l,,,o se sahe aecca (ic Inqui hace qime algo-

Little is known about what makes some nas plaltas tolcli al licrro y otras no. La 

plants tolerant to iron. The answer does not C.pucssta nioIpaccc slitiplc. Los dabts sugicren 
appear to be simple. Data suggest that different tit puicdc iabcir v\it'ias iiicciilsmos, posiblt 
mechanisms may be involved including pos- n1eite alpg nos atlfinilativos. Por cic niplo, cl 

sible additives. For example, in crosses where cruces cni Ins ctnalc tics progenitoivs erail 

all three parents were known to be tolerant, Coiiocidos, coIlo Ilcarites. ait5 10(% dc lis 

95-100% of their F 4 progenies were found to be progenics I., It:1111;ll llalicritc tolurantcs.a 

highly tolerant. When only one tolerant parent (uitildt 6l)i sc iclicyi') till progenitor tole

was included in the three-way cross, there was raitc ell till eticc triple, his probabilitddes de 

a low probability of finding a tolerant line. 1na linea olcrantc cran hajas. Sin mciiibargo, a 
However, regardless of the mechanism in- posai de los ieceanisilo s en .ieCgo, sC pCdc 

volved, progress can be made in hreeding for alvai.i/r el cl ii.jolaiic(toIc Id.toleranciait 

tolerance to high levels of iron since a rapid altos niveics dc hicr-o graci;s ill iniciodo ripido 
method is available for identifying the ma- para identilicar los illatcl litles ile posccui Cste 
terials possessing this trait. rasgo. 
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Rice Hoja Blanca 
New Techniques Identify Virus-Free Plants 

Hoja Blanca de Arroz 
Nuevas Thcnicas Identifican Plantas Libres de Virus 

In recent years, tropical America's most 
productive variety of rice, CICA 8, has fallenvictim to avirus that has effectively eliminated 
it from production in a number of areas. The 
insect-borne disease has devastated production
in major rice-growing areas in Colombia,
Venezuela, Ecuador, and Peru. 

Rice Hoja Blanca Virus (RHBV) bleaches 
rice leaves and destroys their chlorophyll food-
making capacity, thereby killing the plant, or 
at least severely reducing its yield. The virus is 
transmitted from infected plants by the insectSogatodes oryzicola. 

Evaluating Resistance 
CIAT rice scientists, realizing that one 

million hectares in Latin America are vulnera-
ble to the RHBV disease, moved to convert all 
tropical rice breeding lines to RHBV resistance. 
This had to be done in several stages. Since it 
was known that resistance to the disease is 
highly heritable, the plan was to breed the 
disease-resistant characteristic into rice va-
rieties and evaluate their level of resistance to 
the virus. 

La variedad mas productiva de arroz en
 
Amrica tropical, CICA 8, ha sido victima en
 
ahios recientes de un virus qeIC en ciertas 
 ireas 
la ha eliminado de la producci6n. La enferme
dad ha devastado importantes areas arroceras 
de Colombia, Venezuela, EcUador y Peri. 
El Viis de a zoja Man a (rH V, en
 

ingl6s), trasmitido por el inseet( V 
 nSogatods 
el ya
i l ,tr a p o o des
 

0t.IC SU a uca las hojas dcl arrozi yestruye su capacidad (Ic fabricar iiutrinlentos, 1o
cual mata la planta 
o reduce fuertemente los
 
rendirnientos.
 

Evauando la Resistencia
 
Eii vista de que un mill6n de heet:ireas en


Ainmrica Latina Son suscCptiblcs at RHIUV, los 
cientificos del CIA' empczaron a convertir a 
resistentes al R iBV todas las tineas tropicalcs
tie lleoramicnto. [sto se hi)zo cn varias etapas.
PuCsto que sc sabia que la resistcncia a la 
enfrmedad es altamentc hercditaria, cl plan 
era incorporar esta caracteristica a las varieda
tIcs y cvaluar su nivel de rcsistencia. 
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To measure resistance reliability, the plants 
were subjected to intense pressure from the 
virus. This required large populations of the 
disease-carrying insects (vectors) to ensure that 
all plants would be exposed to the virus. 

It was therefore necessary to mass-breed and 
raise the planthopper Sogatodes oryzicola. To 
accomplish this, scientists had to develop a 
way to raise very large numbers of insects. This 
required finding the appropriate rice variety 
that could withstand the insect's feeding habits 
and would not succumb to the virus before the 
vector's eggs hatched, thus eradicating the 
populations scientists were trying to raise. The 
ideal plant host was found to be CICA 8. 
Guaranteed a reliable supply of vectors, the 
scientists began their field screening process. 

Para medir la resistencia con precisi6n era 
necesario someter las plantas a fuerte presi6n 
del virus, lo cual requeria grandes poblaciones 
del insecto vector que garantizaran la exposi
ci6n de todas las plantas al virus. 

Por lo tanto, fue neccsario criar masiva
mente el saltamontes SogatodcesorYzicola, me
diante un metodo que empleara la variedad 
apropiada de arroz que alimentara al insecto 
sin sucumbir al virus antes de que sus huevos 
incubaran, lo cual exterminaria las poblacio
nes deseadas. El hospeda'-te ideal result6 ser 
CICA 8. Una vez obtenida una cantidad ade
cuada dc insectos, los cientificos empezaron el 
proceso de preselecci6n en el campo. 

Sogatodes oryzicola, the RHBV vector 

Sogatodcs oryticola, vector h R11BV 

VV 
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H-oja blanca-dantaged rice 
Arroz afeciado por hoja blanca 

Eliminates Insecticide Use Eliminaci6n del Insecticida
 
The field screening technique worked well, 
 La preselecci6n en el campo funcion6 bien yallowing for the identification of resistant and permiti6 la identificaci6n de lfneas resistentes ysusceptible lines among the thousands of lines susceptibles entre las miles que se evaluaron.


that were evaluated. Seed from all RHBV-free 
 Ahora se estdin sembrand o semillas de todas lasplants is now being planted for re-evaluation. plantas libres de RHBV nara su reevaluaci6n.This resistant material will be available for Este material resistentu podrd ser usado deimmediate use by national programs. inmediato por los programas nacionales.
Future release of RHBV-resistant material La liberaci6n posterior de materiales altashould assure that further disease losses are mente resistentes al RHBV y su adopci6n

minimal. In addition, the widespread adoption generalizada, asi como el empleo de variedadesof RHBV-resistant varieties combined with resistentes al insecto, minimizarfin las prdidascurrently utilized insect-resistant varieties, will causadas por la enfermedad y permitirfn laeliminate the need for costly insecticide appli- eliminaci6n de las costosas aplicaciones de
cations. insecticidas. 
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Rice Germplasm Flow 
New Technology Speeds Exchange 

Flujo de Germoplasma de Arroz 
Nueva Tecnologia Acelera el Intercambio 

In 1985, CIATextended its'multilocational' 
and 'multimethod' rice selection and evalua-
tion program. By growing and evaluating 
different breeding lines under a variety of 
agronomic and ecological conditions, scientists 
will be better able to direct CIAT's rice breed-
ing material to production areas where they are 
best adapted. This multilocational field screen-
ing is done in cooperation with national re-
search programs. 

Seven evaluation sites were chosen, each 
having different soil, climate, disease, and pest 
stresses. They represent the range of conditions 
that plague plants. During field screening the 
plants' resistance or tolerance tu a host of 
important factors that affect rice, including 
leaf and neck blast, brown spot, and other 
fungal diseases, lodging, iron toxicity, soil 
acidity, Sogata, and stemborers, among others, 
is evaluated. 

En 1985, el CIAT ampli6 su programa de 
evaluaci6n y seleccion 'nultilocativo' y 'mul
timct6dico' dc arroz. La raz6n cs que lia selec
ci6n Ycvaluaci6n de difcrentes lincas en varic
dad de Cohliciones agrol~nicas V ccol6gicas 
pcrnitc a los Cicntilicos esCi riar cl material 
mejorado at ircas ic prod tlCcio6n dondc mejot 
se adapten. F[.sta cvaluaci6n 'multilocativa' de 
Cainpo sc hace Cll colabhoacionColl los pro
gratnas flacionaIlcs (Ic investi egaci1n. 

Sc cscogiCron sictc silios de cvaltiacioii, cada 
ino Colil lifcrontes stlcl S, tbmlis, cllftcIr'Cda

(ICS y prcsi()n IC plagas, rCprsCeitativos (li 
rago dc CofidiciolCs tlue rodCall a las plantas. 
Asi sc hacc la prustlcccion Cll cl campo por 
IactorCs lesCcomo piricularia de la hoja y (dl 
ccillo, hChnintoSpoiosis Votras cnfcrcIndadcs 

fuligosas, yelcainicid 0. Ioxiciad de hiCCro, 
acidCI dcl suchm. ,Sogata, v harrenadorcs dcl 
tallo, enire otros. 
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Putting Pressure on Plants 'antias bjo I'resi6n 
The breeding and evaluation program begins 1it omcI lict,. 5ithi ca\i Itnt1il Comilwith F, plants grown at CIAT-Palmira. After 

I 
Zil crN plallta I, ol C IAl -Ia'lila. l)cspti scareful consideration of the parental character- (Ic cdad (tSI icrmrcit'r de has caractcritiistics that are desired to be combined in the cisd Itd'. pad'ics' ruc'w"dca'c;i cornIhi rH"cll aprogeny, breeders begin the crossing process. .- ip t l I., lo" ilt cltjtl;oltc'. tlillci/atllEach year 1500-2000 crosses are made. p tcc'.t. n,tic cl. I ;llliltt. (ida ii itt St fci /at)Crosses made for resistance to the trouble- ic 1.T)h ,,.;1 )') I c.some and widespread 'hoja blanca' virus are I w, .c"I pt , ticrii l hI ca't.l irridianrc PttMscreened in the F, stage, and the resistant icr, c a We ri, t. I:i it )11 rJ;i ',cpitcst,plants are transplanted to the field. At this It- nilill il nit\.cl I plall ; CI., % J;t , isttu, er cstage, scientists specifically look for desired ir cll,,1 11 ,.h,c..icrr r.p tltitn i( tapI.igrain shape and fertility. The F2 seeds thus [i'loc ," llt,;Illtrlirt'I;llrlir 
 lict'it ticl rrInlgenerated are sent to three national program 'c;t tel c, t V ii ir 1t.1t,t id I.it,, i.cr llnhi'. I,research sites in Colombia and Panama for the ,tai
Tcnc.It. .I, i;t; rcs kt'tt. t tie (Citornlfavored upland and irrigated ecological sys- rI t'.ii r llali (t w 'tcri,'l ccltli,tit tp ict s detems, and to the Colombian ICA-La Libertad t.ca, l) ' t ci.I IV ic.t, Y t :1cltIacttij I iaStation for the upland savanna ecology. In Ihriltaid (tl I('Ac ('tittiii,it (tell cc;irrt ticthese sites the selection pressure is for resistance '.;iil. I rrt',ttt, sit itt 'h ii )c 6itt tice scicccitrrto blast, relative cleanliness ofother pests and t r',,. car I;it itpircul la, iciatis'a uirdiseases found at these locations, acid tic isoil dria'1 t clrrictidc'l tr le plia ietolerance, grain quality, lodging, and accept- ctIt ti t tlciF ic it.ii :ild(,,tUcI(ICI ).able plant type. Following this, F4 progeny c';ldii(;tl dcl1litllt, \ hclcalrlicrtol ,.VtYip(o ictptafrom these sites are subjected to the pressures bh. (t'pilanlIii. A ct it' lli tri( li II)Ft c1ic I"at hot spots in Peru and Panama to evaluate (iLc l Mtt c NStitit., trrctc a a., plc'.iCrre'. dctolerance to these and other soil and biotic iIlltglic crilictils,,. Iorr, \'I'a ii ara alc\tial. 

problems. 

Readrtg ricefor shipment lo nurseries 
'
 111,wldlh/Itll: 1 l U O I'lldI I11?0% 
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IRT17' nurier), 

I 'ivero de/ IR17' 

The best lines from Peru are taken to the su tolerancia en titles condiciones. Las mejores 
Peruvian Regional Testing Network, while the lineas de PerO entran a la Red lPeruana de 
Panamanian program is specifically designed Pruebas Rcgionales. .I programa de lPanani 
to benefit Central America. The best materials esti' disefiado especificamentc para Centroa
from Panama and Peru also go directly into the m{rica. Los mejorc.s mat crialcs de uno Yotro 

iturnational Rice Testing Program (IRTP). pais van di rctiamcntc al IRTII. 
Anther culture is playing an increasingly -I cultivo de anltcras Cst .ugan(o tn papel 

important role in CIAT's rice breeding pro- de creciente i inportancia enlCIitoilejorani icti
gram. At present, anther-culture-derived lines to. 1I' Ia actualidad, lineas asi derivadas Sc 
are specifically developed for southern Brazil destinan al sur de Brasil (para tolerancia al 
(for iron and cold tolerance), Argentina (for Iicrro y atl trio), Argentina (cspiga Crecta), 
straighthead disease), Chile (for cold tolerance Chile (tolerancia 1Itrio V calidad dcl grano) y 
and grain quality), and the savanna upland. para secano en sabana. 
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International Rice Testing 
Progiam (IRTP) 

IRTP nurseries from the International RiceResearch Institute (IRRI) in Los Bafios, Philip-
ines and the International Institute of Tropi

cal Agriculture (IITA) in Ibadan, Nigeria, and 
entries from national programs and other 
sources are evaluated along with the F4 materi-
als at CIAT's and the Colombian Rice Federa-
tion's Santa Rosa Station and at the Colombian 
Agricultural Institute's La Libertw'd Station. 
The rice scientists envision earlier generation 
material exchange in the future from both 
Latin America and outside sources, thereby
increasing the total amount of material tested, 
expanding the germplasm base. 

Data from the F4 generation, analyzed from 
each screening site, are used to select F5 lines 
multiplied at CIAT-Palmira for inclusion in 
the Latin American IRTP. The information 
obtained on the performance of selected lines 
in different locations is fed back to the CIAT 
rice scientists and the best performers in each 
year's trials are incorporated into the center's 
germplasm bank to be used in future crossing 
programs. 

Rice Program scientists and their counter-
parts in the national programs are confident 
that this plan of germplasm flow among selec-
tion sites will lead to the more efficient devel-
opment of improved lines to meet Latin Ame-
rica's growing rice needs. 

Programa Internacional de Ensayos 

de Arroz (IRTP, en ingl~s)
Los viveros IRTP del IRRI (International 

Rice Research Institu,..), el IITA (Internatio
nal Institute of Tropical Agriculture), de los 
programas nacionales y de otras fuentes son 
evaluados junto con los materiales F4 en las 
estaciones Santa Rosa de FEDEARROZ y
CIAT y La Libertad del ICA. Los cientificos 
arroceros preven un intercambio futuro de 
materiales en generaciones mds tempranas 
tanto de America Latina como de fuentes 
exte- -as, con lo cual se aumentardin el material 
ensayado y la base de germoplasma. 

Los datos de la generaci6n F4, por sitio de 
preselecci 6 n, se usan para seleccionar laslfineas 
F5 las cuales se multip!ican en CIAT-Palmira 
para su inclusi6n en el IRTP latinoamericano. 
La informaci6n y los mejores materiales en los 
ensayo. de cada ahio se incorporan al banco de 
germoplasma del cento para futuros progra
mas de cruzamiento. 

Los cientificos del Frograma de Arroz y sus 
colegas en programas nacionales confian en 
que este flujo de germoplasma entre sitios de 
selecci6n conducirA al desarrollo mis eficiente 
de lineas mejoradas de arroz para las crecientes 
necesidades latinoamericanas. 
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In close collaboration with national program 
scientists, the Tropical Pastures Program de-
velops low-cost, low-risk pasture technology 
for marginal and frontier lands in tropical 
America. The improved pastures are developed 
from grass and legume germplasm collected 
from infertile, acid soils in Latin Am erica, 
Africa, and Southeast Asia. Scientists later 
screenand evaluate different species for desired 
traits. CIAT's collection of rass and legume 
germplasm has increased from 7000 to more 
than 16,000 entries over the past five years. 

En colabortaci6n+estrccha con los cientif'icos 
(iclos prograillas nacionales, el IProgallut deC 
I"Istos "lropilcales des"1trrtollat txnollogis die 
balu ct N,t ' 1.14my ba;Ilo ricsgo pl ;.Ir a11"t'ginalcs 
Nyle tfttro Ai stosra e trica trojpical. Lots pi 
111Cuj0 tM10:v titHe 111tt1MIUCC CI I'tj~g;1ttl,1 1)1-
v"icnICIdet gerllotplasilia ofiginl-l i C Sti.clos 
icildw YItohic,,det A inff'ri,' I.atinat A tricaryetl 
st +slc asl illtco, C1 Ctj;d es' p1cSclccci0t,ndt y 
Cvilluado port ho cicntiic, (l t'lM. ILa 
coIlCCCit6,1 det.VC, 11lflani al; det pilfst. ylI111i
1101;1~S (lei (CIAIhat autnicnitato de 70010 a tn~is 
(IC10,000 IMLu'StM~S C11 Io1+,,tniMlOS C1inct afios. 
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The pasture legume Ccntroscma 
Centrosena, h'guwninosafirajera 

The Evaluation Process
 
Evaluation is done in stages. First, grasses


and legumes are exposed to major ecosystems 
 El Proceso de Evaluaci6n
where they are screened and evaluated for their La evaluacidn se hace por etapas. Primero,ability to adapt to the wide range of climatic, los pastos y leguminosas son preseleccionadosedaphic, and biotic conditions prevalent in the y evfluados en los ecosistemas principales porAmerican tropical lowlands. This is done with su adaptaci6n a tin amplio rango de condiciothe Instituto Colombiano Agropecuario (ICA) nes edzificas, climilticas y bi6ticas en las tierrasat Carimagua in the Colombian Llanos, the hajas tropicales anericanas, Esto se lieva aEmpresa Brasileira de Pesquisa Agropecuiria cabo con el Instituto Colonbiano Agropecua(EMBRAPA) Cerrado Center in Brazil rio (ICA) en Carimagua, Llanos colombianos;(CPAC), and the Instituto Veterinario de en el Centro de Investigaci6n para los Cerralnvestigaciones Tropicales y de Altura (IVITA) dos (CPAC/EMIBRAPA) en lirasil; y cn laPucallpa research station in the humid, Peru- cstaci6n del IVITA en Pucnlpai en el tr6pico

vian tropics. . li.uedo peruano. 
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Imtproved pastures iniprove production 
Las pasturas ,nejoradas auientan la produccido 

Selected germplasm from major screening 
sites is then tested in regional trials at more 
than 150 locations throughout tropical Ameri-
ca. This testing is performed by the Interna-
tional Tropical Pastures Evaluation Network 
(RIEPT in Spanish), a cooperative organiza-
tion made up of national research programs in 
18 different countries and CIAT's Tropical 
Pastures Program. 

Next, grass-legume associations are de-
veloped into pastures under low-input tech-
nologies and evaluated for their productivity 
and persistence undergrazing conditions, both 
at major screening sites and at RIEPT sites. 

The improved pastures are finally exrosed 
and evaluated under farmer management sys-
tems. These farming systems range from semi-
intensive, dual-purpose systems on marginal 
lands with close-market proximity, to exten-
sive, cow-calf operations in the frontiers, 

Pasture Network 
Since its formation in 1979, the RIEPT has 

been a catalyst for the effective development of 
new pasture technology for marginal and fron-
tier lands of tropical America. 'he RIEPT has 
played an important part in'information ex-
change within and among national programs 
and in the process of screening and evaluating 
new germplasm and management methods, 
The Nei work has a prominent role in adjusting 
new technology to the range of prevalent 
farming conditions within various tropical 
ecosystems. 
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El germoplasma asi seleccionado se prueba 
en m~is de 150 localidades de la Red Interna
cional de Evaluacien de Pastos Tropicales 
(IIEPT). Esta es una organizacion coopera
tiva de los prograrnas nacionales dc investiga
ci6n y el Progrania de IPastos Tropicales del 
Ci AT. 

Postcriormente sc desarrollan pasturas a 
base de asociaciones dc pastos-leguminosas 
que emplean tccnologias de baJos insumos, las 
cuales sc evalian por su productividad y per
sistencia balo pastorco cn los principales sitios 
de selecci6n y cn los sitios de la RIIEPT. 

Los pastos mejorados son finalmente expues
tosa los sisternas de niancjo de los agricultores, 
que van desdc sistemas scmi-intensivos de 
doble prop6sito en tierras marginales cercanas 
a los mercados hasta operacioncs extensivas de 

cria n,'irras de frontera. 

Red de Pastos 
l)esde su formaci6n en 1979 Ia R IFE'PT ha 

sido on catalizador dcl desarrollo de nuewa 
tecnologia de pastos para tierras marginales y 
de frontera en Amtirica tropical, y ha jugado 
un papel importante cn el intcrcambio de 
informaci6n citre los programas nacionales y 
en el proceso (ICprcsclecci6n v evaluaci6n dC 
germoplasnia y de nuevos mctodos ie manelo. 
La red juega un papel importante en el aJuste 
de nuevas tecnologias a las condiciones pro
pias de los diversos ecosistemas tropicales. 



Pastures Germplasm 
New Accessions for Better Pastures 

Germoplasma de Pasturas 
Nuevas Accesiones para Mejores Pasturas 

Collecting seed germplasm from different
regions of the world to increase genetic vari-
ability is the base for the process of identifying
and breeding improved plants. 

For the Tropical Pastures Program, both 
grasses and legumes are of interest. Scientists, 
comparing the natural variability of different 
pasture germplasm of often undomesticated 
and unidentified species, look for characteris-
tics that show adaptability to the various 
ecosystems in the tropics. In general, grass and 
legume germplasm is collected from acid, low-
fertile soils which are evident throughout much 
of the region. Scientists also look for the 
germplasm's ability to withstand dry periods,
its capacity to regenerate itself and, of course, 
its palatability and ability to withstand heavy
grazing. The problems related to pasture estab-
lishment and management must also be evalu-
ated. 


La recolecci6n de germoplasma en diferen
tes regiones dcl mundo para aumentar la 
variabilidad gen6tica es la base para la identifi
caci6n y mejoramiento de plantas. 

Para el Programa de Pastos Tropicales son 
de interds tanto los pastos como las legumino
sas. Los cientificos, al comparar la variabilidad 
natural de germoplasma de pasturas, con fre
cuencia sin domcsticarysin identificar, buscan 
signos de adaptabilidad a los diversos ecosis
temas de los tr6picos. En general, cstc germo
plasma se recolecta en los suclos Acidos y poco
f6rtiles, que abundan en la rcgi6n. Asimismo, 
los cientificos buscan en las plantas capacidad 
para soportar la scquia, regencrarse, y, por 
supuesto, palatabilidad y resistencia al fuertc 
pastoreo. lambi6n debcn cvaluar los proble
mas de establecimiento y manejo de las pas
turas.
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Worldwide Sample GatherioJ 
Scientists have identified key species that are 

very promising, which among the grasses, 
include species of Brachiaria. and among le-
gumes, several species of ('Centrosema.Species 
of both genera were the object of collection 
expeditions conducted last year. 

During 1985, Tropical Pasture scientists 
collected new germplasm in three major areas: 
Tropical America, Asia, and Africa. The 2300 
additional accessions, consisting of both gras-
ses and legumes, increased CIAT's pasture 
germplasm collection to approximately 16,000 
accessions. 

Tropical America: An extensive sweep 
through a major portion of the Panamanian 
provinces sought drought-tolerant, late-flow-
ering legumes, particularly Centrosemaspecies 
ecotypes. A total of 320 legume samples were 
collected in collaboration with the Instituto de 
lnvestigaci6n Agropecuaria de PanamA 

Slpitth'hug - (himagedpIasture 

Recolccci6n Mundial de MLICStras 
Los ciciltilicos haii idelitilicado especies 

'clave' entre gcticros muv promisorios, Bra
chiaria cutre los pastos y ('c,.'cnia cientre las 
lcguliI]iiosas. I xliciorics rcal/adas el afio 
pasadto lIvicrol por ob.iclo rccolcciar cspccics 
dic aiiihos. 

[it NX5, wlscicutilicos tlc Pastios l ropicalcs 
rccocct tleo )iucHIMcriIiopIasriia ci trcs airca;s 

priicilialcs: Aniirica tropical, Asia y Africa. 
Las 2300 acccsi ics adicionalcs, tanto dc pas-
Ios coiMO (Ic Il'gtill 1i sas 1iiicIi t'( I lia coan 

Iccci6i dcI (Cciil iaa prox\iimadaincic 16,000 
cic iiplarcs. 

Ainurica Tropical. A trav 's dc unta cxensa 
porci6o dc I'ana liI sc hIisca roi Icguilli nosas 
tar(lias V tolciatitcs a , part icl lara se(.ll ia, cil 
ccollipMs dc ('IlI/roNVcna spp. Sc rccolcctaron 
320 itiicstras dc lcguiinwsas cii colaboraacion 
coit cl Instii uto dc Iiivcst igaci6in Agropccuaria 
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(IDIAP) and the United States Agency for 
International Development (USAID)/ Rutgers
University cooperative program. 

An expedition to Venezuela was undertaken 
with the Fondo Nacional de Investigacioner 
Agropecuarias (FONAIAP) aimed at collec-
ting Centrosema species. During the mission, 
371 legumes were collected, with Cenirosema 
accounting for 27% of the total collected. 

Asia: The International Board for Plant 
Genetic Resources (IBPGR) sponsored a col-
lecting project in Sumatra. The project was 
performed in collaboration with the Sukarami 
Research Institute for Food Crops (SARIF) 
and emphasized the collection of native legume
germplasm, particularly species of Desmodium 
and other genera related to it, as well as 
Pueraria phaseoloides. All together, 172 sam-
pies were gathered. 

Africa: Systematic collecting was carried out 
in Ethiopia, Kenya, Burundi, Rwanda, Tanza-
nia and Zimbabwe in collaboration with the 
International Livestock Centre for Africa 
(ILCA) located in Ethiopia. National agricul
tural research programs in these countries 
participated. In all, 905 samples were collected, 
of which 81% were grasses. Of these grasses, 
452 were Brachiaria ecotypes. 

A Strong Genetic Base 
Much effort was given to collecting germ-


plasm of the grass Brachiaria. Originating in 

Africa, Brachiaria, together with Andropogon 

gavanus and Panicut maximum, forms the 

core of' CIAT's tropical grass research and 

development. I3rachiaria adaptation charac-
' 
teristics to acid, infertile soils and its persistence 
under grazing pressure make this genus one of 
the most promising grasses yet found for 

tropical pastures. 

The major limitation, however, of' presently-


existing, commercial Brachiariacultivars and 
material in testing issusceptibility to spittlebug--
a devastating insect pest in many areas of Latin 
America. Scientists believe that the broad,
genetic diversity of newly collected germplasm 
may solve the spittlebug problem. This would 
give Brachiariagreat potential as a pasture 

de lIanam'i I)IA!( ) ) y cl proyecto lnivcrsidad 
de Rutgers/JISA ID. 

ilsa expediC6n a Venezuela Con el Joido 
Nacionial dc Investigaciones Agropctiarras 
(I'()NAIA I')iccolcct piiecilriicnt ecspCcics 
de ('cnlroxIn'ucina, cte colstil ycron cI 27:'7 dc
 
las 371 legtnminccsa., rccollietis. 

Asia. 1I: ('Conseo Iilerrackcrtai (Ic IRccIrsos 
itgC1netticos (( 'I l mII) ti[IItt) tilt proNvct() 

dIc recolecci6n en Souitat ra, en colahoraci ( 
con cl Stukararni Rcscarch Institute lr Food 
Crops (SAI.II). coM Inlfasis ell leguminosas 
nalivas, ell especial espccics v ccotipos de 
lh'.xodit, N,II'lrrial/Aco/uidc's.In total 
sC rEcnieort 172 ntuestras.
 

Africa. Sc 11ev)' 
a h(c) ma recolecci6n sis
tcll];aen colaboracitn Con cI International 
Livesiock 'critic crIAirica (II.('A) y prog ia
t11ts naciortrlcs erl Iticcpa, Kena. Iundi. 
Rna nda. Iart/asia Y /i r ha hwe. 1:1total se 
rccolectarcr 905 iucstras. 81(' tie lis cualcs 
Tran pasts)s, I)c 6stos, 452 cran ecotipos dc 
Irc,hiuria. 

, ase (icnt~tica 
Sc lhrt lICcho, Ituchs Cslurhier.s pai a ceot-

Ilctlar gCriophasna tIel pasto) /I'chiuriu. On
gi Iario de Alrica, este pasto forma, junto Con 
.'4 ,U/rc(p)'io"'n rurant' vAmicumnIt maxinum!, ellnt'lclc del progra ma (I.desarrollo c investiga
c'(,n ic p;stIs tel ('IA I.Sts CMaractristIcas !c 

ad;IptCic)n a SilI)', o (tielCWe rtilidadt Iaj 
Y",ipcri stCncia i Jastolco o Ihaccn (mo ic 
Ilos t nerocos ipli'rnoricis Jatnis entcntra
(ispadral rpicc ..S5in hair., Ia princieal
 

I initac61 tit los ctill \ airC, c(Morti.alles de /r(
C'hiir, spp. v dcl mareial en Cn.Sa,,'o CS so
 
stisccpibilidad al1fi,(',
,,salivai/c, oIna plaga
 
dc(\sIlidcra en
ei luas localclatles We Arlm
rica Iati I ccs)c.cicnlilic Cscrcc title Ia aiplia 
(I1\ srI Id I!gile ica We l rIicoP i Srit tI tie a l
il) tWe 1Aad-pr(:Clct a rpc'rn t iri est a Iit 

V ;Ittltit cici61 a t [Ci cm-lca;I (It' ac'hiario 
pa a, past iHras (I t' i ctoa sulb-ttlt'eldos 
hlimed O e tii'c) jpI(q)I l iS .
 
I t'a;t
t 1iaIrI IraSisi6 ic Ci tnlteldlCs
 

' ;icelcta lIala'lircl itLWe I1 rntVsl 
cOlCc
ci(')
I tIe /rIac/iehria, IaIa Vloria We ias ;lc(:Csio
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plant for many subhumid and humid tropical 
ecosystems. 

In order to avoid problems related to disease 
transmission and to accelerate the process of 
transferring the new Brachiariacollection, the 
majority ofaccessions were transferred in vitro 
as meristem cultures using a technique devel-
oped byCIAT's Biotechnology Research Unit. 
The procedure was carried out in close collab-
oration with ILCA and with a quarantine 
center at Maguga, Kenya. More than 350 
accessions have been already transferred to 
CIAT.The collection considerably broadens 
the genetic base for Brachiaria, bringing the 
collection to more than 900 accessions, repre
senting 24 species. 

nes fueron transferidas in vitro usando una 
ttcnica desarrollada por la Unidad de Biotec
nologia dcl CIAT. El procedimiento se aplic6 
en cstrccha colaboraci6n con cl ILCA yecen
tro de cuarcntcna Cn Maguga, Kcnia. Mis de 
350 accesioncs ya han sido trasladadas al 
CIAT. La rccolccci6n ampli6 considerable
mente su base genutica de Brachiaria que 
consta de mas dc 900 accesiones y 24 especies. 

Centrosema sp.surroundedh.'Andropogon gayanus 
C(tloseml a Vl. mrgd'adade Andropogon gaya i us 
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The Tropical Pastures Evaluation Network 
A Successful Research System 

La Red de Evaluaci6n de Pastos Tropicales 
Exitoso Sistema de Investigaci6n 

The International Tropical Pastures Evalua
tion Network (RIEPT in Spanish) is designed 
to develop new germplasm and pasture man
agement technology f'or tropical America.
RIEPT is formed by a multi-locatihnal re-
search system used to evaluate new pasture 
grasses and legumes with more than 150 eval-
uation sites located throughout Latin America 
and the Caribbean. The network is a coopera-
tive program involving scientists in national 
agricultural research institutions and CIAT's 
Tropical Pastures Program. 

New and promising germplasm is tested 
under a variety of ecological conditions in a
sequential set of trials consisting of four eval-
uation stages. In the first evaluation stage,
scientists look for the forages' adaptation to 
soil, climate, pests and diseases. During the 
second stage, plants arc tried for their adapta-
tion and production potential under ecologies
ranging from savannas to tropic: raiifforests. 
In the third stage of evaluation, the effects of* 
grazing on the most promising gras,;-legumc 
pastures are studied in order to test their 
productivity and persistence. In the fourth 
stage, trials evaluate beef' or milk production 
under various conditions relevant to f'armers' 
management systems. 

La Red Internacional de Evaluaci6n de Pas
tos Tropicales (RIEPT) desarrolla germo
plasma y tecnologia de manejo de pasturas 
para Am6rica tropical. Esta red consta de un 
sistema multilocativo de evaluaci6n de pastos 
y legunlinosas en m;is de 150 sitios en America 
Latina y el Caribe, e involucra a cientificos en 
instituciones nacionales ic investigacion agri
cola y el Programa de Pastos Tropicales del 
('IA'. 

El gcrmoplasma nuev) y promisorio se 
ensaya en variedad dc condiciones ecol6gicas 
en cuatro etapas. En la primera, los cientificos 
estudian la adaptaci6n de los forrajes a los 
suelos, climas, plagas y enfermedades. En la 
segunda, las plantas sc prueban pot su adapta
ci6n y prod ucci6n potencial cn ccolhgias que
incluyen desdc sahainas Iasta bosqucs hinle
dos tropicales. Fit la tercera, sc prueban los 
efectos dcl pastorco en las pasttiras mis promi
sori,ts para conocer st productividad y persis
tencia. Fn la cuarta etapa, las pruehas evalfiar 
la producci6n de carc y Icclic cii los varios 
sistcmas de prod ucci6n ganadcra. 
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New Grasses and Legumes 
Over the years, network scientists have iden-

tified several grasses and legumes that are well 
adapted to particular ecosystems. These grasses 
and legumes are now forming the foundation 
of the South American and Caribbean strategy 
for expanding milk and meat production in the 
vast, underused frontiers of the tropics. 

Several grasses and legumes are now being 
used in various pasture combinations. Of those, 
the grasses most stable in productivity are: 
A ndrolpogongaranus62 1, Brachiaria decum-
hens 606, B. dict 'oneura6133, and B. hurnidi-
cola 679, while the most stable legumes are 
Stirlosanthes capitala 10280 (cv. Capica), S. 
guiatnetsis 136 and 184 (cv. Pucallpa), Centro-
semtu tnacrocarlpum5065, ('entroseinasp.5277 
and 5568 as well as Desmodium ovali/olium 
350. 


Advisory Committee 
As a result of the Network's growth and 

advancements in the evaluation process of 
promising pastu,'e technology, its Advisory 
Committee, during the October 1985 meeting, 
recommended that the participating Network 
institutions increase their production of seed 
from promising materials. National program 
leaders are also suggesting that a diagnostic 
evaluation of pasture status as well as an 
analysis of natural resources be made. These 
items will be discussed during the IV RIEPT 
Advisory Committee meeting in the latter part 
of 1986. 

instiluiittns, and ireseatrcl 

ers participatiiig inthe I IP1'T: 1979 - 1985. 
Evttluliton illil t 1ttthe cr tf ctu tric., . 

Year (o ntries Ins itlittio s Researchers 

197t) 7 13 36 

1982 II 27 57 

1985 18 51 173 

76 

NUevos Pastos y Legutninosas 
A trav's die los afios los cientilicos (ic a red 

hall identiicado 'ari(ls past os y legunllinOsas 
title Se adap all hiei aI deteltiililados eco(sisle
inas, 1o) ctl.,cmol-lialli Ilaase de ul.a est ra

tcgia de cxpaii11u" dc I pitt l tic lelie y 
caricle l I(,\xasus C'iii suibutil/ados tic 

Il) (rIpicus tIllcriCallts. 
Va:i . p"t ,sY Icu-imIIII itsas siendo.staill 


iisailos aliola ci dei a cihiiicitcies. los 
pastwt, C prdtdli idadili,, Cetable ',i ,.I
dr,)ft S ariat2 i'aiaII (2 I,i "lhiail 'c'imbvS 

(), I.ltmtiidt',/07), . t 'u 0 133,( I it'ir 
iiciitlras ltltCihet. , si, l's 1,0t1LIN iiIi ts, ii 'a 

S' /t]).%aluIIt 'italaa,p I028( (cv. ( ipica), .S'. 
.lJtlll'wii. 1 ;0 Y'184 (cv. IPtllI pa). CVt'(' 

S,Ia M O 11umatti 'ltrouscn.W si. 52775005. ( 
v 5508 asi cotni I)k.'%wil/tilt miU/j/U)h'lttlj 35). 
('omif3 Ascsor 

( I etiltt dcl ciiiiiciito di red \el 

MaICC ll ; I ti Icthlia prtiI-I '\aIii( 

Soi aid pM(tICt c'IO i ti'0 s.sit i rCCt)iiilIl (I 
d(IMIritSiti iit lii(ndr(t'Oii iC, 1985, tlUe las 
iiist it iitlC l 1ilsti pro-MC., it ticip tIii iitii 
dtilCl id sCiiiIIli (IC lilat!tria lts proi is0riits. 
Ih)t lideres tic lw prltraiias illacoiilcs tarn
hitcii stlgicre l iaccr till d i lit'tl t del C;I;atlo 
i lac past iaV Liiaila i IS.Ii (IC hiS reeInt rsOs 
naitiral ,s, tillas (life scrim isctitdos duraiIte 
I IV e.iiCt1uit Ill ( "iiiit. Ascsor (Ic la RI I!'T' 
ell Cgsllll]) i',tll1stliC (IC198. 

I %Itl 6 1tlt -1 lt'ftUpitist., tttil ltIt-tt . t t' ,l itt-tt.tttfl' tiC 

ttIll tI );tll Ih RI.P1,tll 19)79)-19S5. 

ittttt ] Vt-,cA ,. ]',,cil ittt iu gatii sr', 

I 7 3 M, 

1982 I I 7 57
 

19 5 IX 5 173
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Evolution of the number of regional trials, 1978-1985. 

The RI EPT Advisory Committee comprises
14 leaders of pastures research from 13 coun-
 II collitt"asesi'. coznflrlado por 14 lidercstries of tropical America. The Committee plays dc progranias de pastos dc 13 paises ic Amtia key role in stimulating research activities. rica tropical, iueva tll papcl cla\'CCn h promlo-These activities are aimed at solving problems ci6 de actividadcs de invCstigacioti. IFstathat are common to Network participants as hilsca resolver probletjas col)Linlles para Icswell as serving as an information exchange part icipa tiles cl ha rdCt yipropiciarcl intcrcambetween national programs and CIAT's Pastu- hio (e mil rii aeiCn entre ls programas iacinre Program scientists. nales y el Progi-aia dC I'astos dci ( IAT. 
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Andropogon gayanus 
An Exceptional Grass for Tropical Pastures 

Andropogon gayanus 
Un Pasto Excepcional para Pasturas Tropicales 

Andropogongayanus,a pasture grass intro-
duced into the American tropics only 13 years 
ago from Africa, is increasingly being used by 
farmers in Latin America. The grass isparticu-
larly attractive to farmers because it is highly 
productive on acid, high-aluminum soils--a 
condition for which few grasses are adapted. 

Among its other characteristics is its toler-
ance to drought. This can be traced to its deep 
root system and its rapid regrowth after the 
first rains following the tropical dry season. 
Cattle grow and reproduce well on the grass, 
and it tolerates diseases and pests, especially 
the pasture-destructive spittlebug. It is also 
highly compatible with legumes. 

A ndropogon gayainus, un pasto forrajero 
introducido a los tr6picos americanos desde 
Africa hace 13 afios, estAi siendo utilizado mas 
y mis por los agricultores latinoamericanos. El 
pasto es especialmente atractiv) porque es 
altamente productivo en suelos acidos con alto 
contenido de aluminio, una condicion a la cual 
pocos pastos parecen adaptarse. 

Entre sUs otras caracteristicas se cuenta su 
tolerancia a la sequia. i-sto se deb asu sistema 
radical profundo ' so muy r ipido rebrote des
puts de las primeras Iluvias (LIUC siguen a la 
estaci6n se,'a tropical. F1 ganado crece y se 
reproduce bien en este pasto, el cual tolera 
enfermedades y plagas, especialhente el des
tructivo salivazo. "lambicn es muy compatible 
con leguminosas. 

78 



The Grass Spreads 
A. gayanus was released in 1980 by two 

national programs: Instituto Colombiano 
Agropecuario (ICA) in Colombia, and Empre-
sa Brasileira de Pesquisa Agropecudiria 
(EMBRAlPA) in Brazil. Shortly thereafter, it 
was released for commercial use in Venezuela, 
by the Fondo Nacional de Investigaciones 
Agropecuarias (FONAIAP); in Panama, by
the Instituto de Investigaci6n Agropecuaria de 
Panamri (II)IA l); and in Peru, by Instituto 
Nacional de Investigacic nes y Promoci6n 
Agraria (INlPA). Today, more than 150,000 
hectares of the grass have been planted in the 
Brazilian Cerrados and more than 30,000 
hectares in other Latin American countries. 

It is estimated that within four years almost 
300,000 hcctares will be sown in the grass. The 
picture is clearly dominated by the extent of its 
successful adoption in Brazil, which contrib
utes 93% of the total area sown. Nevertheless, 
important areas are also found in Colombia 
and Venezuela-.-- countries with substantial 
areas of acid, infertile savannas. 

El Pasto se Extiende 
A.
ayanus fue liberado en 1980 por los pro

gramas nacionales de investigaci6n agricola de 
Colombia (I('A) y Brasil (1'EM IRA PA). Poco 
tiempo despu6s fue liberado para uso comer
cial en Venezuela por FONAIAP, I'anami 
(01)IA P) y Perif (I N IPA). H oy en dia, mns de 
150,000 hectrcas han sido sembradas con este 
pasto en los Ccrrados brasilefios y en mis de 
30,000 ha en otros paises latinoanericanos. 

Se estima que dentro dc cuatro afios casi 
300,000 ha habriin sido scm bradas con este 
pasto. I)omina claraimente cl panorama el 
grado de adopci6n alcanzado en Brasil un-

93% del 'rea total. Sin embargo, tambi6n se 
encuentran ireas importantes en Colombia y
Venezuela, paises con extensas 6ireas de saba
nas infhrtilcs y ;icidas. 

A. gayanus, a nutritious grass 
A. gayanus, tn pmw flairo l 

79 



Adoption of A. gayanus in tropical America (ha). 

1985 1986 


lolivia 100 450 
Brazil 26S,000 66,000 
Colombia 7,600 3,400 
Costa Rica I 8 
Guatemala 0 I 
Guyana 2 0 
Honduras 15 8 
Mexico 22 75 
Nicaragua 245 150 
Panama 1,032 1,085 
Paraguay 1,000 1,500 

Peru 120 220 

Venezuela 11,100 17,900 

Total 289,237 90,797 

A. gayanus has shown favorable results in 
Panama, where over 1000 hectares of the grass 
have been planted, and in newly introduced 
areas in the Central American countries of 
Nicaragua, Mexico, Honduras and Costa Rica. 
Virtually all of these areas have been planted as 
pure grass pastures in the absence of nitrogen-
fixing legumes. 

Evidence indicates that in !986 there will be 
a 31% expansion in planting of A. gayanus 
over existing areas at the regional level. This 
figure masks the marked differences in the 
stage of adoption and the expansion rates for 
the grass between the region as a whole and 
Brazil and Colombia, where the material was 
first released. These countries have annual A. 
gay'anusarea expansion rates of 25% and 45%, 
respectively, while other count ries have an area 
expansion rate greater than I000o. These rates 
serve as testimony for establishing A. gayanus 
as a pure-grass pasture, although it is recom-
mended that the pastures be sown in grass-
legume combinations. 

A. gayanus is a valuable gerniplasm contri-
bution in the development of Latin American 
tropical pastures. It is contributing increasingly 
to beef and milk production in marginal fron-
tier lands by diversifying pasture options and 
reducing the region's spittlebug problem. 

Adopci6n dei A.gayanus en America Tropical (ha). 

1985 1986
 

Ilivia I I) 450 
Brail 268,00(1 (.,,(x) 
(olombiat 7,6(1 3,400 
Costa Rica I 8 
(iatenial 0I 
Go'vana 2 0 
llondu as 15 8 
M~xico 22 75 
Nicamaguaz 245 150 
I'analmi 1,032 1,085 
I'a1IgllaN, 1,(X) 1,5(X) 
I'ctfi 120 220 
Vclle/tscla I1,1(X) 17,9(X) 

Total 289,237 90,797 

A. gai'anus ha dado buenos resultados en 
l1anam.1, donde se sembraron milts de 1000 ha, 
y en siembras recientes en Nicaragua, Mexico, 
Honduras y Costa Rica. En todas ellas se ha 
sembrado como pas(o puro, Cs decir, sin la 
prcscncia de leguminosas que fijen nitr6geno. 

L.a evidencia indica IuC en 1986 habra una 
expansi6n en la siembra ic cerca de 31% en la 
regi6n. Esta cifra, sin embargo, oculta las mar
cadas difcrencias en las tasas dc adopci6n y 
exp:tnsi6n entre la rcgi6n en general y Brasil y 
Colombia, donde sc liber6 por primera vez el 
material. Estos. pais.s tienen tasas anuales de 
expansi6n de 25% y 45%, respectivamente, 
mnientras que el rcsto de paises tienen tasas por 
encima del 100% . ,stas indican el grado en que 
sc cstai sembrando A. ga'antus como pasto 
puro, atlnqlIc es rccomendable tltC las pasturas 
combincn pastos y leguminosas. 

A. ga.vanus es una contrbuci6n valiosa al 
desarrollo ic las pasturas tropicales latinoa
mcricanas, y al aumento tie la producci6n de 
carne y leche en las tierras marginales y de 
frontera al d iversificar las opcioncs de pasturas 
y rcducir el problema dcl salivazo. 
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Anthracnose of Stylosanthes capitata 
The Problem is Solved for the Colombian Llanos 

Antracnosis en Stylosanthes capitata 
Problema Resuelto en los Lla!!os Colombianos 

Anthracnose is one of the most widespread
and costly diseases affecting agricultural crops.
Caused by a fungus, it produces roundish,
ulcer-like, necrotic lesions on foliage and fruit. 
The disease has been especially destructive on
the Stylosanthes genus, which isthe best 
known tropical pasture legume. Dry matter 
losses as high as 64% have occurred in Colom-bia. 

In 1976, field evaluations in Colombia and
Brazil began on several accessions of Slylosan-
thes capitata, a pasture legume that looked 
promising for the tropical savannas of Central 
and South America. Unlike many Stylosanthes
species, S. capitata is not widely found; it is
native only to the acid, infertile, sandy-soil 
savannas of Brazil and Venezuela. 

La antracnosis es una de las enfermedades 
mils difundidas y costosas de las plantas. Causada por un hongo, produce lesiones redon
deadas de aparielcia ulcerosa en el follaje y en
los frutos. La enfermedad ha sido especial
inente destructiva co el genero Styrlosanthes,la 
loguminosa forrajera miis conocida de los tr6
picos, la cual ha prescntado p6rdidas de mate
ria seca de hasta 64% en Colombia por esa 
Causa. 

En 1976 se cmpezaron cvaluaciones de cam
po en Colombia y Brasil con varias accesiones 
de Strlosant.is capitat, una legurninosa apa
rentcmento pronlisoria para las sabanas (e
Arnirica Central v del Sur. Al contrario de
niuch.i espocios de StI.osmtthes, S.capitata 
no so nenuentra nmuy difundida; cs nativa de los 
sulos icidos, de baja fertilidad y arenosos de 
las sabanats de Brasil y Venezuela. 
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Resistance Runs High 
Within two years, scientists noted that trans-

ferred species of S. capitata,grown in Colom-
bia, had a high anthracnose resistance in 
contrast to the susceptibility of other Stylosan-
thes species. Researchers found that the level 
of resistance was close to 94% at the two sites in 
Colombia where more than 300 accessions had 
been evaluated. On the other hand, in Brazil, 
85% of the same accessions were found to be 
anthracnose susceptible. 

Since the plants only came in contact with 
natural inoculum at all sites, it was apparent 
that S. capilata was for some reason, more 
susceptible to C. gloeosporioides,the fungus 
that causes the disease, in Brazil than at the 
Colombian sites. 

Climatic differences, which cause varying 
reactions to anthracnose, were first suspected 
as being the reason for these locational, inci-
dental discrepancies; however, results obtained 
from field and greenhouse testing identified 
specialized, pathogenic fungi as being the 
responsible agents. 

La Resistencia es Alta 
En dos afios los cientificos notaron que las 

especies de S. capitatacultivadas en Colombia 
tenian una alta resistencia a la antracnosis, en 
contraste con la susceptibilidad de otras espe
cies de Stilosaithes.Los investigadores encon
traron que lia resistencia Ilegaba hasta un 94% 
en los dos silos de Colombia donde se han 
evaluado mAs de 300 acceslones. Por otro lado, 
en Brasil, 85% de las accesioncs fueron susccp
tibles. 

Puesto que las plantas entraron en contacto 
con in6culo natural en todos los sitios, era 
aparentc que S. capilata, por alguna raze6n, era 
mis susceptible en l3rasil queen Colombia a C. 
gloeo.Vorioi/es, cl hongo Litte causa la enfer
medad. 

Inicialmente sC sospech6 LlUC las diferencias 
cliniAticas podrian c.uttsar las diferentes reac
ciones a la enfermedad. Sin embargo, las prue
bas de campo y de invernadero concluyeron 
que los agentes causantes cran hongos patog
nicos especializados. 

82 



Center of Pathogenic Diversity 
The explanation of the existence of these 

pathogenic fungi seems to lie in the geographi-
cal location of the B, 7ilian screening site. The 
Brazilian site is Ic ited within naturalthe 
distribution and probable center of diversity of 
S. capitata.Five accessions that were evaluated 
were actually collected from this site. The 
conclusion wasthat the center of diversity of a 
plant is also likely to be the center of diversity
of its specialized parasites. 

Results from the field screening of S. capita-
ta in Brazil and Colombia and seedling patho-
genicity studies over the past six years strongly 
support the view that specialized pathogenic 
isolates of C. gloeosporioides, which cause 
anthracnose in S. capitata,exist in the legume's 
native habitat and not in Colombia. 

Periodic evaluations and isolate studies 
throughout the Llanos of Colombia have con-
tinued to show that the promising tropical 
pasture legume Stylosanthes capitatahas no 
anthracnose problem within this region, and 
there is a low disease risk for its future 
expansion. 

Centro de Diversidad Patogenica 
Parece que la explicaci6n es la ubicaci6n 

geogrdifica del sitio brasilehio de preselecci6n.
El sitio esti dentro de la distribuci6n natural y
probablc centro de diversidad de S. capitata. 
En esta localidad se recolectaron cinco acce
siones evaluadas. La conclusi6n fue que el cen
tro de diversidad de una planta tambi6n puede 
ser el centro de diversidad de sus parfisitos 
especializados. 

Los resultados de Ia prcselecci6n de campo
de S. capitataen Brasil y en Colombia y los 
estudios de patogenicidad de plAntulas durante 
los 61tilmos scis afios son una fuerte indicaci6n 
de que los aislamientos patog6nicos especiali
zados de C.gloeosporioidesque causan antrac
nosis en S. capitataexisten en el habitat nativo 
de la legurninosa y no en Colombia. 

Evaluaciones peri6dicas y estudios aislados 
en los Llanos de Colombia han continuado 
mostrando que la promisoria leguminosa tro
pical S. capilatano sufre de antracnosis en esta 
regi6n, y hay poco riesgo de expar-si6n futura 
de la enfermedad. 

Anthracnose damage 
Dafinl de la antracnosis 
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Farms Prove Technology 
Stocking Rates Increase 

Las Fincas Prueban la Tecnologia 
Aumentan las Cargas Animales 

Farms cooperating with an Instituto Co
lombiano Agropecuario (ICA)-CIAT, on-farm 
pasture evaluation project involving improved 
grasses and legumes, are obtaining results 
similar to those obtained at ICA-CIAT's Ca-
rimagua research station. Both the farms and 
the research station are located in the Colom-
bian Llanos. It would be expected that on-farm 
results would not be as good as those obtained 
under the more controlled conditions of the 
station. 

On one farm with a very extensive cattle 
production system, the rancher aimed to grad-
ually increase the number of grazing cattle on 
the ranch. Grass-legume pastures, mostly of an 
Andropogon gayanus and Stylosanthes capi-
tata mix, were sown on 5.5% of the farm. 
Within five years the stocking rate of the ranch 
had doubled, and breeding animals were show-
ing significant weight gains-a necessary 
condition for cows to improve their reproduc-
tive performance. 

Weight gains weic less than they would have 
been had not the stocking rate been doubled on 
the land. Still, with 5.5% of the area in 
improved pastures, it is feasible to feed twice as 
many cattle as before, and to simultaneously 
improve, by 14%, the reproductive perform-
ance of the herd. Weaning weight also in-
creased by 50%. 

Las fincas qUC coopcran con el proyecto 
ICA-CIAT de evaluaci6n cn finca de pastos y 
legtnminosas inejoradas estlin obteniendo re
sultlmats similares a los obtenidos en liaesta
ci6 (ariniaguia dcli ICA-CIAT. Unas y otra 
csti'tn Iocaiiadas co los Ilanos colombianos. 
Sc-ia Ce Csperiatse quui)s rcsuIltados en finca 

i fucran It hucnos com) los obtcnidos cn las 
cordiciones contr(,ladas de las estaciones. 

inuna finca con sistema dC prd ucci lluy 
exlensivo, cl pirod ticor hiiscaa ,ilnllental gra
dumetlc el ifniimcro dc cibc/,s en levantc. 
IPar:i clio scinbri c'I 55j dc lai inca rnc/clas de 
pasl -icgn in nos; principalmentc AIldro

gatintt Y)t.ly .S/uI'/ostilic'A. c'f)itUIa. f:n 
ciicu) anufis hi carga de ia Iinca sc trIpl i()Vlos 
ani males nIstI''oru gaaricias signilicativas 
dc pcs¢o na liiciun nccCsaria para que lasunit 
vacas mreln sn capacidad rcprod ucti\Va. 
AunluC laN gaIanciaS ICpso ItlruiO it'le

ricKS a las tilnCSC hubicran obtenido ind ublar 
1i carga animal, con ul 5.5'i dcl irea ell pastus 

C.Iorados lic p(sihlc levanliar l doblc tIc 
galnado de ailtes, Y ! InuIt "ii fmile rite met.ia 
en tin 14,',si (es e ipct o reproductivo. I1peso 
al destetc nipr6 Ci ill 5lilt 
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Pastures Maintain Productivity 
Contrary to previous beliefs, large stocking 

rate increases over along period oftimedid not 
reduce pasture productivity levels. The amount 
of forage on offer and the legume content of 
the farm pastures continued at an acceptable 
level. Six years after planting, the pastures
show no sign of deterioration, despite the lack 
of maintenance fertilization. 

Another on-farm trial demonstrated the 
practicality of alternate grazing: on native 
grasses fo' wed by periods on grass-legume 
pastures. It was found that the reproductive 
performance of the wasanimals similar to 
cattle that were grazed exclusively on improved 
pastures. Calving rates on the farms have also 
been comparable to those on experiment sta-
tions. 

Farm owner (center) and CIA T scientists plan grazing trial
Un ganadcro (centtre).r cielhi(c.. del ('IA I )rparan un emtayo 
de,h'va8te
 

Las Pasturas Mantienen 
su Productividad 

En contra de lo que sc crec, el gran incre
mento en carga animal por un largo periodo no 
redujo cl nivel de productividad de la pastura. 
iEforraje en oferta y ccontenido de legumino

sas en las pasturas continuaron a un nivel acep
table, y hasta el momento, seis afnos dcspu6s de 
su siembra, aqullas n~oinuestran scfialcs d,:
degradaci6n a pcsar dc la falta de fcrtilizaci6n 
de rnantenimiento. 

En otro ensayo en finca se encontr6 que la 
alternaci6ndel pastorco en pastos nativos yen 
pasturas de pasto-leguminosa da resultados 
similares, en tcrminos de descmpenio reproduc
tivo, a los obtenidos en pastos niejorados. Las 
tasas de parici6n en las fincas tambi6n han sido 
coniparablcs a las de las estaciones experimen

tales. 
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For cattle farmers, the most economically 
attractive activity is cattle fattening. In the 
tropical American savannas, this is only possi-
ble if the cattle are provided with good pas-
tures. 

Cattle farmers on two farms decided to use 
the improved pastures for fattening during the 
wet season. Both growers found weight gains 
to be similar or even superior to those achieved 
on the experiment station with animals fat-
tening at a rate of 500 grams per day. 

The farmers used a slightly higher s. )cking 
rate than the one generally used at the Carima-
gua station with improved farm pastures only 
being used during the wet season. Despite the 
stocking rate, the pastures did not deteriorate, 
although the botanical composition of the 
A ndropogon gai'anus-St'hosanihes capitala 
association had strong seasonal fluctuations. 

Para los ganaderos la actividad econ6mica
ruente mis atractiva cs el engordc, lo cual s6lo 
cs posible en las sabanas de Amtlrica tropical si 
hay bucnas pasturas. 

I )os ganadcros (lCcid icroi uiisar pastos mCjo
rados para engordc d urantc la estaci6n de Iln
vieas, obtcniendo ainhos ganancias dc pCso 
similares e incluso supcriores (500 g/animal!
dia) a las Ic ha estacion experimental. SU carga 
aniilmal fUc nn poco 1isn alta l tiea dC (,a ri ma
gu,, tsand ) las pasturas nej)oradlas s 51o du
rantc la estacio6n Iluviosa. A pesar dc la alta 
carga, las pasttNras no sc dctcrioraron, aunquc 
hl C'onposicic6 hotinica de la asociaci6n A. 

aai'anus-.'it/hsamthAfuerc,'itata prcsento 
tcs fluctuaciones estacionales. 

Improved pastures raise the stocking rate 
(.'on [ Iit.lra '/eor( this v. 0 ' (li le'fluilr la cargaimsib 
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CIATisatrainingcenteraswellasaresearch 
institution. CIAT's training program is de-
signed to transfer scientific knowledge and new 
production technol , to researchers in na-
tional research programs. 

In 1985, 148 professionals were trained in 
CIAT's research programs. Posgraduate train-
ing periods for these professionals lasted from 
three to 12 months. Another 25 people com-
pleted masters or doctoral dissertation research 
work or were appointed as research scholars. 

El CIAT cs un ccntro de capacitaci6n c 
investigaci6n. Su Programa de Capacitaci6n
est4t disefiado para transferir conocimientos 
cientificos y nucvas teenologias dc producci6n 
al personal de los programas nacionales de 
investigaci6n. E'n 1985, 148 profesionalcs ftuc
ron capacitados en los programas dcl CIAT en 
periodos dc tres a docc moses. Otras 25 p)crso
has complotaron so trabajo dc tesis para macs
trias o doctorados, o fitcLoI1 nombr'ados beca
rios dC investigaci1n. 
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Training tran.fers new technolog. 
I I~ tl'llt lte l1 1/ I tl1 ' lll INI l II¢II Ie l ogalll 

Special Courses 
The Center annually hosts hundreds of CLIrSOS Fspccialcs 

professionals who come from around the world A nualmente el (ent o hospeda a cicntos dc 
to participate in special seminars on ways to prot'e-sionales dtl IIrtjoi) cntcto que participan 
improve the production of beans, cassava, rice, en seMinariffs especialcs sot ic Illejoramiento
and tropical pastures. pi Ittni(mn (ICI ijol, vtca, aIn/ pastos 

As in previous years, CIAT offered short but Iropicalcs. 
intensive, multidisciplinary courses on rice, ('oni1 ell ;Illten ries,l (''IAl s1ai Ofrc i 
tropical pastures and bean research as an protiiran m pa ra (.1 de capacidad ciendcsarri lhI 
integral part of its program for developing filica Cn nC1M.sIn nutidi ci1ip narios cortos 
scientific capacity. )uring the year, the Cassa- pero inte slv,.S evestiga('i(.6i de arroz, pas
va Program offered a course emphasizing tos tropicales y Irijol. I)ii-nie cI .io, el Pro
production in Asia, with participants from graia de Yuica ohireej tU 'Ztirso para Asia Coii 
China, Thailand, the Philippines, Indonesia, participac6n de (hina, Tailandia, Iilipina.s, 
Malaysia, and Sri Lanka attending. I nfi.ofesia, Malavsia v Sri Lanka. 
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CIA TFoffersv specialized training 
(apa~iac'i4, enil~cieVEEl '~'si CIA 

In-Country Courses
 
Each year, in the Latin America-n -:tional 
 Cursos en los Paisesagricultural programs, more of the cui-ses are Cada afio, los diversos programas latinoabeing conducted by the various programs. mericanos de investigaci6n agricola Ilevan aTheir initiative in developing in-country and cabo una proporci6n mayor dc los cursos. Suregional training activities indicates the sub- iniciativa de desarrollar actividades de capacistantial development that has taken place in taci6n en los paises y a nivel regional indic, qucthe national agricultural research sectors, dur- SC ha dado Lin desarrollo sustancial en los seeing the last decade. (ores agricolas nacionalcs en hi 6iItima d6cada.The Cassava Program conducted nine spe- El IPrograma dc Yuca realiz6 nuevc cursoscialized production courses 192for profes- especializados en producci6n para 192 profcsionals from five Latin American countries. sionales (Ic cinco paises latinoanicricanos. ElThe Bean Program offer-d seven in-country Programa dc Frijol ofreci6 sidce curso en loscourses, training 200 prefessionals from Ar- paises, capacitando a 200 profesionales degentina, Chile, Colombia, Costa Rica, El Sal- Argentina, Chil, ('olombia, (Costa Rica :1vador, Honduras, and Peru. The Rice Program Salvador, Honduras y Perti-. I1 Irograma deorganized two courses: one in Panama and the Arioz organizo (Jos ci rsos, u(o en Plna.lm1i yother in Honduras, with 46 professionals from otro en londuras, con hi participaciOn de 46national institutions and universities partici- profesionales ic instituciones y universidades

pating. 
naci oinales. 

Countries Participating Paises iParticipantcs
 
The largest number of people trained from 
 I'1 mayor ni'cro die latinoamericanos ca-Latin America were from Colombia, Brazil, pacilados fuc de Colombia, 13rasil, M6xico yMexico and Peru; in Asia, the Philippines and Perti;en Asia, Filipinas c Indonesia; en Africa,Indonesia; In Africa, Mozambique; and from Moziambique, y cni cl mundo desarrollado,the developed world, the United States. Fstados JUnidos. 
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The Genetic Resources Unit 
CIAT's Breeding Base 

La Unidad de Recursos Gen6ticos 

Germplasm characterized by up to 26 dif-
ferent features is held in cold storage in working 
and long-term collections by the Genetic Re-
sources Unit (GRU) and comprises the raw 
material of CIAT's breeding programs. The 
GRU is the storehouse of the myriad genetic
characteristics that are screened, selected and 
combined by breeders to develop improved 
varieties of beans, cassava, rice, and tropical 
pasture grasses and legumes. 

The development of large germplasm banks 
by the international agricultural research cen-
ters, making possible the improvement of 
many important crops, has led to worldwide 
advances in agricultural production. These 
advances depend on the unrestricted exchange 
of germplasm between countries. 

Base del Fitomejoramiento del CIAT 

El germoplastna clasificado hasta por 26 
caracteristicas dilcrentes y almacenado en frio 
en colecciones de trahajo y de largo plazo por 
li Unidad de Recursos (icn'ticos (U R() es la 

materia prima para los programas de mcjora
micnto del ('IAT. la URees el dcpositario de 
la miriada de caractcristicas gcni~ticas tue son 
prcseleccionadas, selecciotadas v comhinadas 
pot los cicntilico para obtcnCr varicdades 
uemjoradas (IC I'iiol, y uca, allo/ y pastuNas 

tropicales. 
Fl desarrollo (Ic granlcs hancos dc gerulo

plasma por parte de los ccntros intcrijacionalcs 
de investigaci6n agricola ha hiCh]llo posible Cl 

cio(,raniiento (ICnmtchos cultivos y los avan
ces mundiales cl l prodoucci6n agricola. -stos 
avances depcnden dc un inlcrcanbio irrcs
tricto de gernioplasina entre paises. 
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7 worhl 'oll'ction / IhaseotIus hearts 

Open Distribution Policy Iolitica de l)istri hici6n Ahicrta 
()nc oldthcstrengths ofClAT's system is the I J1t d lo' p Iur tleicl,i sitelima dcl 

center's open policy oflgermplasm distribution. 'IAI C,, si pnliici (k di,,tibttc-itJ ahirta dc 
This policy was recently codified in an official gCeiliopliitall,, It p litic;il iI 'cl iirCitCtTic 
policy statement, which has been commended ,clladl cnio Ciciitil:1i i) Li ( wutsHIL di lit 

,by the FAO Commission o I Plant Genetic FA) palrta;w I ,clll, J'tttn itCts, I st;t 

Resources. This statement alflirls that germ- &'ttlillk 1uaillltlla 111t., C III(r itIlltt taLc ;I 
plasm will he unrcsttictedly available to na- t itt i 1ii pmi lidtsnitii. ingiatllashs j 
tional programs, with special emphasis being itactaics). (t11itdni H dc\ nittit,.l 1;tltiats 

given to the returning of' collections to their dC IiCiC)nit u tt. ; ', ti, s,C I , It't). 1 ;1r(I C 
coulitry of origiln. Oneof tlhe greatest assets of i', 'i tt ' \ttlttlb , &.i ( I \1 1;;,a I )lt

,ltti,,s t,, Mi i ttd;td patJ HIM 
Imn a!Iige gerr' plalSIII tolIhe mu111tual advantage of'ii it'lltlllh 11 );tlpia h'llr 'I t I Iltt tlt) dc 

' 

('IA for national prgran.s is its ability to itciti ",1 t c

many dlifferent coutnt lies. i tth,,, ipti, 1! ltt 

CIA's gcrr plasrri distribution policy is I a it,litia tic (l litI titt(,l .itc I.I it()l t 

based on the principle that the unrctricted, (c1 (IA I M , CHC Itt dit' ti t I 1it.'sa 
international movement ofl germlplIasII tlni- iinViiiiitnll ( Il ciiItitt I il ,it l ti lit'lilt 
vcrsally benefits agriculturc. Production fig- I IIIit llcit IL'I , liititIIJ. I a.'lCIII. s dC 
urcs from developing countries in Latin tit- ic Upie it dcsal., cli ttic66 /\ fdil 
America, Africa, ind Asia show that 60% of [ica I atilia, A\llit V Asia 111ltost l[tnt ti' till 
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the crops grown in these countries were intro-
duced from other continents. Of two important 
crops originating in Latin America, Phaseolus 
beans have their highest per capita consump-
tion in Africa; in the case of cassava, 80% of 
world production is in Africa and Asia. 

Like the other international agricultural 
research centers, which gather, screen, and 
select germplasm, CIAT distributes freely to 
any requestingcountry. Germplasmfrom'land-
races' (primitive varieties), and advanced lines 
is readily available, as is information, training,
and consultation productionon problems. 
CIAT's role throughout is primarily one of 
supporting national agricultural programs. 

f'7 

60% dc los cultivos que en ellos se siemhran 
flueron introducidos de otros continentcs, l)c
dos cU1ltivos originari os dc An1~rica La ina, los 
hlijolcs I/tascolu • ticncn sn ln1s alto Consurno 
per caipita cn Africa; y cI 8% dc Ila producci6n 
IImuIdialdc yuca sC conccw)ra ci Ahica, t\sia. 

Ai igual (title Jos ut'os Cciiie s iicrmnacjonla
ls. el IA[ disirlhuiyc libl'Cre1clitc gcrlmoplas
ma1al pais qtlc Jo sol ci c. Ilay dispornihilidad 
dc 'ra as lalias' (varicdades primitivas) y 

Rl-,a, ava n/atlas ai igIaI q1uc ini ormaci 6,, 
capacitacion 5Yc( lsIt1a sohrc los prohieias ic 
prodUccion. I J)apcl dcl (IlAlcs principal
mcIIc dc apovo a Ins prograil1as agricolas 
naci()nalcs qiLC 1o rcqluicran' 

('olhleing wild I1hnscolus in MeAxi'co 
/?oi g,,ehin(h- ii re Alv t o 9n 
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Oven drying bean germplasm 
Hlomor de verado dg wmndhi 

Germplasm for Research 
Germplasm collections are made yearly in 

cooperation with national authorities. Dupli
cate samples are routinely left in the country of 
origin. CIAT also gives priority to replacing 
the national collection if necessary, thus en-
suring that germplas:n is available to the 
country of origin whenever needed. Currently, 
493 samples of beans are being returned to 
Iran, because the original collection was lost. 
CIAT s own irreplaceable base collection is 
being duplicated for long term storage at 
EMBRAPA-CENARGEN in Brazil. 

The size :!nd variation of the germplasm 
collection affect the success of any breeding 
program. CIAT's 35,000-sample collection of 
Phaseolus beans isthe largest and most diverse 
collection in the world. In 1985, the GRU 
screened 17,000 samples of beans for their 
responses to four diseases. 

CIAT sponsors regional programs promot-
ing the free movement ofgermplasm; however, 
the international exchange of germplasm sam-
pies requires precautions both during import 
and before export to prevent the spreading of 
crop pests and diseases. Colombia's phy-
tosanitary regulations and procedures are 
strictly followed with imported accessions. 
CIAT's Seed HIealth Testing Laboratory, part 
of the GR U, tests outgoing samples to see that 
they are free of seed-borne bacteria, fungi, and 
viruses. 

Gcriioplasma para la I nvestigaci6n 
Cada aio se lievan a :aho recolecciones dc 

gernioplasina cn coordinaci6n con las autori
dados nacionales. R(utinariamentc sc dejan 
duplicados eiclas inuestras enl cl pais de origen. 
.'IAl tainihu.n Ic da prioridal i lit rcposici6n 

Ic11 Colcec;t' nIaCionial. En ia actualidad se 
cstin dicvolvicindo 493 nMucstras tic frijol d lrin 
cu\,a coccciri original se pcrdi6 l.;t irrempIa
/itblc colccci6n hiisica dcl (IAT cstli siendo 
(I iplicada para sit al rnaccamicnto a largo 
plazocn iM l3RAIPA-('CNAIo;N, cn lrasil. 

i.a cantidad V\'varicdad dcl .clrnoplasma 
(ictcruina ciexit tic cUtalquicr progrania (ic 
nicjoramicnto. I.a coleccion dc 3:;.000 moucs
tras dc frijol ]itansltscnci CIAT cs I, mayor 
1,manis divcrsat dcl n.,Jndo. Fn 1985, la UR.G 
prc,,;clcccion(') 17,000 de sos muestras por su 
rcacci6n a ctiatro cnfcrluc(ladcs. 

1.1 ('IAl promncve rcgionalncnte el libre 
nIioviInicnto (',Lgcrmoplasia. Sii cmnhargo, so 
intcrcambit, internaCional rqtzCYire preCaucio
tcs pari evitar la propagacion te plagas y 
cllutinctiades. A las acLesiomcs inportadas se 
Ics aplicall cstrictanicite los rcglanzcntos v 
rrocedinic nto. litosa nitarios de (ololibia. FI 

lahoratorio dC lruchas de Saitiad (iCScnuillas 
ic lh 1 (( -lrtiucba las miestras que salen cli 
tliSCa dc baLCtias, 11011g,6 y virzs. 
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Biotechnology Research 
Strides in Plant Regeneration 

Investigaci6n en Biotecnologia 
Avances en la Regeneraci6n de Plantas 

CIAT's Biotechnology Research Unit 
(BRU), drawing on the knowledge and tech
niques of cellular biology and technology, aims 
at increasing the efficiency of current efforts in 
plant improvement by helping solve problems 
that do not lend themselves to traditional 
procedures. 

In 1985, the unit refined the cell and tissue 
culture methods used to clone promising cas-
sava and tropical pasture plants. Comple-
mentary emphasis was given to improving
techniques to generate useful variability in 
legume forages. Work also began with beans. 
Both research areas offer potentially high
technological payoffs for CIAT's commodity 
programs. 

La Unidad de Investigaci6n en Biotecnolo
gia (UIB) del CIAT, aprovechando los cono
cimientos y las tcnicas de la biologia y la 
tecnologia celular, procura aurentar la efi
ciencia de los m6todos actuales de mejora
miento de plantas ayudando a resolver pro
blemas que no se prestan a los procedimientos 
tradicionales. 

En 1985 la Unidad refin6 los m~todos de 
cultivos de c~lulas y tejidos que se usan para
clonar plantas promisorias de yuca y de pastos
tropicales, y mejor6 las t~cnicas que generan
variabilidad 6til en las leguminosas forrajeras. 
Tainbi6n inici6 el trabajo con frijol. 
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, wroit/i in ait % t il t'd retini tiaturt' NOho/tbd% iodh/ar iia 

,,1 ,,o,, ,1 ,, , ,,,,11 '~ ~ ,i l lPl l 

Cryogenic Storage Almaccnanicnto (oti gCnicu)
 
An example of this technological research is t inplr)tvckct Jiiiociiic'nt u,'IicO
d iti cri 
the three-year-old cryogenic cassaa' tic.' 11d ' t l,harcgerm- eri1 d dii %i_ 111C iii0it_ itC. 

plasm storage proiec: hein carried Oit Itthe aitlo c11 ci ltwtli\tlii,_ tiLtc..SLuoi. 
liotechnology Institute, S skatoon. Canada. ('amiti Lii1 ciab;rlnIiti it' cid( I I\ cii 
with CIAIs collaboration and the support of' cil ( 'm c',.ip 1111k Ii iii! t1c Rccui;apr,>i, dt.1 
the International Board for Plant Gienetic ',,,I iutct'ic ,,( ( I I I I p ,\cc 1 ucii 
Resolrces (11lBIlR). Ihe project is aimed at Lr',,l1rllli cl aiiiI.criaiiiirtO Jr cI'uli\ ,Jic 

developing imicans to store Cassava shoot-tip illtt;i r "\c tio' tic'it1lii/;tili liilltirct 

cultures using liquid nitIogen. Using 12 geno- liiliiliiiit. I" ii ,I I? yPliiWl liih . Ici,Liiiliciis 

types, Canadian scientists eventually refincd a cilililii 'r riiiii i till Ii :t'r,ci CLCtiil lIa, 
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process in which the shoot-tips are pretreated 
with a freeze-protecting chemical, cooled at a 
controlled rate of0.50C/min and then immersed 
in liquid nitrogen (-1960C). Following their 
removal from storage, ,he tips are rapidly
thawed with the cryoprotectant diluted, and 
placed on a cassava plant regeneration medi-
um, where they are allowed to continue 
growing. 

Tissue survival after thawing is high, nearly
60%, but only 2% to 20% of the cultures 
regenerate into plants. This low rate is attri-
buted to the physiological condition of the 
plants and the range of cell types comprising 
each shoot-tip. The results, though initially
modest, are encouraging and have opened the 
door to further research into the cryopreserva-
tion of cassava. Plant material, taken from 
four varieties that regenerated plants following
liquid nitrogen storage, have been multiplied 
at CrATand planted in the field for evaluation. 

In a related CIAT activity, somatic cell 
embryogenesis is making it possible to regen-
erate cassava plants from embryo-like forms 
produced in tissue culture. These cells should 
prove more tolerant to freezing than shoot-tips 
because they are thought to be physiologically 
more adapted to cooling and freezing. 

Identifying Cultivars 
Another BRU project aims at developing a 

new way to identify cultivars. As the world 
collection of cassava increases, it is becoming 
more expensive and time-consuming to identify 
and catalogue varieties on the basis of classical 
morphological criteria. Assuming that differ-
ent cultivars are genetically distinct, it should 
be possible to use electrophoretic, cassava 
protein/enzyme patterns to identify cultivars. 
With the support of the International Devel-
opment Research Centre (IDRC), project,a 
joining the expertise of the University of 
Manitoba, Canada and CIAT,was set up.

It was found that cassava genotypes could 
indeed be discriminated or confirmed by their 
enzyme patterns. The technique is now being
expanded to tropical pasture legumes and 
beans. 

p deCtas sonVistagos pre-tratadas con un 
qtimico tIC 1i1s protege ideCongelamiento,
enfriadas a oina tasa cont rolada (0.51C/ IIi) y
Iluego So nlcrg1id as en nitr6gcno liCi ldo 
(-196'C'). Al sacarlas del almaccnamiento, las 
ptlntas .c(cscongclan raipidaliente, el criopro
tCctor ;e (liluy. NsC colican en ton medio rege
nerador enn Cl ClNpucdcn proseguir so desa
rrollo. 

I.,! sUpervivncia ielos tcjidos dcspu6s del 
congclmicrto cs 1iM, casi un 60%, pero s6lo 
dcl 2 al 20,t sc regencran en plantas. Esta baja 
tasa ,eatibuve a ta condici6n fisiol6gica de las 
plantas y al ranlgo dc tiptos ,Iccf1lhts comprcn
dido por cada punt atie V,'tago. 1-l logro, attn
qoc modesto. es alcnlador y ha abierto la 
puerta a otiras investigacioncs sobre Ilapreser
vaci6n cn 'rio de ayuca.El material vegetal de 
ctlatro variedadcs qic se rc.c ncraron en plan
tas ha sido multiplicado en el CIAT y sem
brado en cl campo para su eval,.aci6n. 

PlaralchlmcuItC, I1 cm bri, gc1iCsis dc c&Ltulas 
somlfiticas estui permitiendo rcgenerar plantas
de yuca a partir dc formas coasi-embrionarias 
producidas cn cultivos de tejidos. [stas c6lulas 
dcbeiin ser fisiol 6gicanmente mais tolerantes al 
congelamicnto quc las pontas dc viistagos. 

Identificando cultivares
 
Otro provecto dc IaIJIBsc propone desarro

lhar 
una nocva forma de identificai cultivares.
 
A mcdida tite crece lacolccci6n mndial de
 
yuca, restolta mgis costoso y demorado identifi
car y catalogar va ricdades cmpleando los erite
rios morfol6gicos CiSlicOs. Stoponiendo qtie los
 
difcrentcs cUltivares son gen~ticanicnte distin-
Los, deberia ser" posible utilizar patrones de 
clzimas electroforticas dc proteinaLde la yca 
part idcmificarlos. ('on cl apoyo del Centro 
Intenacional de Iivcstigaciones para cI l)c
sarrollo ((llD), N i experiencia dc IlUniver
sidad dc Manitoba, Canada, v dcl CIAT, se 
inici6 este proyecto exploratorio. Se ha cncon
trado que los genotipos de yuca ciertanlente 
puedcn ser distingtlidos 0 agrupados por SLIs 
patrones dc enzimas. La tccnica cst~l siendo 
anipliada 11hola para aplicarla a legtominosas 
dc past iiras tropicales y a frijoles. 
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Other Tissue Culture Techniques 
CIAT's BRU and the Genetic Resources 

Unit (GRU) have been engaged in research to 
find out if healthy plants could be grown from 
virus iafected seed and, also, if viable plants 
could be produced from various Phaseolus 
species, which in some cases are represented in 
the collection by a maximum of three seeds. 

Formerly, there have been two common 
problems restricting germplasm exchange. 
Multiplying the material from certain countries 
is a slow process, and in many instances, for 

Otras Thcnicas de Cultivo de Tejidos 
La UIB y la Unidad de Recursos Gen~ticos 

(URG)del CIAT han estado investigando si se 
pueden cultivar plantas saludables a partir de 
semillas infectadas con virus y, tambi~n, si se 
pueden producir plantas viables a partir de 
especies de Phaseolusque, en algunos casos, 
estdn representadas en la colecci6n por s6Io 
tres semi'las. Con estas t6cnicas se podr.in 
revolver dos problemas comunes en el inter
cambio de germoplasma: la lenta multiplica
ci6n de materiales provenientes de algunos 

Wil (left) and donesticated(right) Phaseolus in viti 

Phaseolus silvestre izquierda)y domesticado (derecha) in vitro 
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some important varieties, very few or only 
deteriorated seeds are available. These tech-
niques can alleviate such constraints. 

Scientists succeeded in formulating a cloning
method that now produces healthy plants, as 
shown by subsequent Enzyme-Linked Immu-
nosorbent Blocking Assay (ELISA) testing,
from seed infected with a bean virus. They were 
equally successful in their efforts to multiply 
scarce seed through in vitro culture. 

Of particular importance is the development
of a means to regenerate pasture legumes by
tissue culture. Working with several Stylosan-
thes species, BRU scientists are growing plants
from leaf and epicotyl-derived calluses, cell 
suspensions, and leaf mesophyll protoplasts.

The process is aimed at exploring the possi-
bility that genetic changes may occur when a 
plant's tissue is subjected to one or more tissue 
culture cycles, in which a mass of cells (callus) 
are grown from organized tissue. These may be 
carry-overs of the regenerated plants, in which 
case they often express themselves in charac-
teristics not found in the original plant. This 
phenomenon has been called 'somaclonal varia-
tion'. This procedure will be experimentally 
applied to test the genetic variability ofculture-
originating legumes, especially for their resist-
ance to diseases. 

Cas.ava plath' regenerated1),V.xmat ic (j'// 
E/l/r rogent,i.%

I Ianf/ c I'tucdregeneradI /)orv.,lbriogerj e.v., 
sos i de'cao/' c/us 

paises y, en muchos casos, la escasez o el mal 
estado de las semillas de algunas variedades 
importantes. 

Los cientifcos lograron un m~todo de clo
naje que estd produciendo plantas sanas a par
tir de una semilla infectada con virus, como lo 
mostraron las pruebas subsecuentes ELISA. 
Tam bidn lograron multiplicar semilla escasa 
por medio de cultivo in vitro. 

De importancia particular es la regeneraci6n
de leguminosab de pasturas por medio de cui
tivo de tejidos. Los cientificos de la UIB estin
 
cultivando plantas de varias especies de Stylo
santhes de callos derivados de la hoja y del
 
epir6tilo, suspensiones de c6lulas y protoplas
tos del mes6filo de la hoja.
 

El proceso explora ]a posibilidad de cambios
 
gen6ticos cuando se somete 
el tejido de una
 
planta a uno o m~is ciclos de cultivo de tejidos
 
en los cuales se cultiva una masa amorfa de
 
c6lulas (callos) derivada de tejidos organiza
dos. Estos cambios podrian trasmitirse a las
 
plantas regeneradas, en cuyo caso se expresan
 
en caracteristicas que no estaban en 
la planta
original, o 'variaci6n somaclonal'. El procedi

,miento serai aplicado experimertalmente para
probar la variabilidad gznctica de las legumi
nosas que se originan en cultivos, especial
mente por su resistencia a las enfermedades. 
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The Seed Unit 
A Catalyst in International Collaboration 

La Unidad de Semillas 
Un Catalizador de la Colaboraci6n Internacional 

CIAT's Seed Unit, established seven years 
ago, assists in the development of national seed 
sectors, primarily in Latin America and the 
Caribbean. The Unit works to strengthen the 
seed sector's human resource base through 
training and works with seed programs and 
industries at the national level, primarily 
through Seed Unit-trained personnel, seed 
associations, and governmental channels, to 
encourage the increase of improved seed vari-
eties. These improved cultivars are developed 
within the national-international center re-
search network. 

l.a IJnidad de Scmillas dcl (IAT, establc
cida hace sicte afios, asistc cn el desarrollo dc 
los sectorcs imailoalcs de scnijllas, pinimal -
IInCIte Ull \inl( iia Iatil V' l ('arithe v [tida-

l1cntali;It1aCllt ;I Stde(i, Capalcitaci 6n. (Con 
lpt' a Ca [Ma'II. Iiahatla 'Oll pr-o,iSllill laSi 

l nals dc sl. il r llan cl' l l ,,tiiIll~ 
amin4A ci,,nIS d. ., iy.cIIScliillil i :'Sna-
ImIlll, s NI lil (CWItI) \pil Cst -1 II, 'ilplCO 

do' sCtmiIlas, dC \ieId'atlCS IWi,, ,sctulicsCo MiS, 
son d('Silrlli;d s Cn h1it'dId&CIt s itcrlia-
Cilnlcs v pIul.gilmCs Imin;ClS (Ict ict1Cuiiga

ci6n.
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Since 1979, intercommunication within the 
Latin American and Caribbean seed sectors 
has greatly increased as a direct result of 
workshops, courses, and seminars conducted 
by the Unit. A total of 431 people have 

participated in courses 
 and another 390 in 
conferences held at CIAT. Without the Seed 
Unit's program, many of these people would 
have had little or no communication with one 
another, with iAT,or with the international 
center system. In addition, 572 people have 
participated in subregional and in-country 
courses with significant Seed Unit involvement, 

The Unit multipliesseed of 
"•, ,'im proved species 

",.€;
' 
 la In l da m us,: a ded ip lica so nifl 

.. ,iw s meioradav 

l)csdc 1979, Ia comunicaci6n entre las per
sonas dcl sector dc.Semillas en Ia agricultura 
at inoam1ericak id Vca rilha ha anIent ado sig

flificativaintce (Ollo III)resulldo dilecto de 
los cII rs ,s,renuliocs de t1ahap Nscmi na ios 
Ilevados a ca h p(r la IIiildad;: ,131 Sml.asI.
 

IIpa Ii
hIla pa'IIM li cL II11,,i 19 ii 'il fe iC11Ca,s 
en el ('IAIl v 572 en curso, ,Ih)-cp0ItilCs Nen 
los paises en los cnales Ia I IIIidad h1a partici
pado. Co1110ro Ireultado (IeCot os esilier/os Ia 
C(, pctncia Iclel scm I las est li0(ICd cii COn
t1 i1 aninnto. 
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ALES .Asa 

As a result of these efforts, the competence of Regionalseed associationnetworks 
r'g Jaes 'e,,iilliststhe seed sector is being steadily increased. , t, io t It'sf,'a 

The accelerated development of seed associa
tions in the region can be traced to the Unit's 
activities. Eight new or reactivated associations 
that were nonexistent in 1979 are operating FI desariollo acelcrado de asociaciones (Ic 

today. semillas en la regi6n title fuerte rclacion con 
las actividadcs de Ial Inidad. lloy est'in ope-

Seed Unit Training rainld oco asociaciolics niieVIs o reactivadas 

The Seed Unit tailors courses and workshops (Itic no exislian cii 1979. 
to meet high priority regional needs. New 
course initiatives include: an advanced course ' iicin cI li 
on seed quality and disease controls; sub- 1l)idad (Ic ScmiIIas 
regional courses in Central America and the ILo t'tenr os v k, IClimlues de Irabajo res-
Andean Zone on seed enterprise management pi ndci a laS icccsidadcs (Ic mayor prioridad 
aind marketing; and in-country courses on cl I;a icgi6n. I al r., cI tao dc lin cii rso ava ll
bean seed for the small farmer and on cassava /ado ,,hlc colli I)I de cal ilad VCeitCileiidades 
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stake selection. Similar new initiatives were 
taken with a workshop for people involved in
research and training, primarily from key
universities and national seed programs, and 
with the Workshop on Sorghum Seed Produc-
tion held at CIMMYT. The latter workshop, 
which was jointly sponsored by the Interna-
tional Crops Research Institute for the Semi-
Arid Tropics (ICRISAT), the International 
Sorghum and Millet Program (INTSORMIL) 
and the National Institute of Forestry, Agri-
culture and Livestock Research (INIFAP) 
from Mexico, exemplifies the linkages being 
developed by andnational international 
groups. 


Over the past year, ten visiting scientists and 
consultants have contributed their expertise to 
the Seed Unit's program, having cumulatively 
provided more than 50 weeks of time for 
individual periods of two weeks or nore. These 
specialists and others represented both public 
and private institutions in Australia, Brazil, 
Colombia, Mexico, the United Kingdom, the 
United States of America, and Venezuela. 

Other Highlights 
In the area of information and communica-

tion, the Seed Unit has developed a Directory
of Seed Specialists and Institutions in Latin 
America and the Caribbean which is organized

by country and includes the names and ad-

dresses of 850 individuals and institutions. 


The Unit also compiled a Seed Science and 

Technology Thesaurus in both 
 English and 
Spanish. Previously, no comparable, control-
led, vocabulary for seed information retrieval 
existed in Spanish. 

The Seed Unit's newsletter was enlarged to 
increase its technical content in 1985 and is 
now published every four months instead of 
hiannually. 

The Pan American Seed Seminar, held ill 
Colombia in 1985 at CIAT, brought together
253 seed technologists and seedsmen from the 
region. The participants presentcd 40technical 
papers on research, development, and policy
topics. The recommendations and conclusions 
placed a strong emphasis on ineicased future 
cooperation in (ie public and private sectors. 

de sentillas, cursos sub-'rgionales cn America 
Central y Ia Zona Andina sbrc mancjo de 
empresas iCesenillas nercadeo y cursos en 
los paises sohrc senillas de frijol para el 
peleaiO agricuiltor y selecci6n ic estacas de 
ytLiad. Sc Il/una reuni)n (Ietrahajo sabre 
investigacion v capacitacion part universida
tes chives yp )gr;uiias nacionales de semillas, 

NYotra sore prOdtcctine scillae sorgone 
el iCentro Intrnticonal ic Me oraniento Y 
NIiy lin ,Ttgo(('IM sta it ot patroci-MYTi, 

ciujial de Investigaci6n en ('1iltivo" para los 
I l6piCON Scni-Alidols (l( 'RIS'AV), cl Pro

piania Ililirihctionl dec SorgiV NYMillo (INT
)l )-;( Inslituto Nacional (IC Investi-M II cl 

toIMICS IctIcst ilcs %A1 IpcL tiari.SId MCxi
c,, (I Nii Al'). 

I)(IliI1tC CI ;afiO(paIsIi~ ,dici encutilicos visi
tailtcs .\ corlsillttres ic Sictc plises iraihalaron 
Ilis de fd)sc lllallas ell I l itad (e Scinillas. 
l~lls tIiljs dI cltitles pravaldil y
pliblicas pr)vciian dc Atistralia, lrasil, (oloinhiit, M.xico. Inglacitra, istados Ilnidos y 
\,c ietiel. 

ros Avances 
I [Icl airea dc iiltirilulici6i Nctiitilicaci6in, 

hi Iltid (Ide Seiillas ha clahorado Ut l)ircc
lotto le Especialikltas ell Seiillas y de lnlitlu
ciones el Antuiica L.aina Y el (arihe, (tic

MiCtive ll0IIIUc, ii\N(1t1t1 (iC(ICS de 850 iidivi
d,o ' iliicioS ic' li id is p;p' a 1ie, asi
 
C("I))illtles'aiuro de Ciecn'ia yIeclologi a de
 
SCIIillIs cnell -Its
NC11 e",1ilhi l. Istla cs hitpri
iiw a Iccii )il;Ici((('1i )a'lId dI vcbui lli , 1 Cli 
Ipii IctiipcriciliI dC i iiiNICi6nhiii ('n cl iiea. 

I I bolhlill dc Iii I'llidiaid cd-i Stinllis llilo 
,i,
coil'u mln(i.tlilht, c1 19 N.'ilim m.piblici 
ciktatcli rmti's cli ilipii dc dos .rt,pill 

Ml() 
lit' iii 


,Slluih II P.*iiPt.ill,it' .st1'l ,It' l
 

II,, tct1 . tllt,\ I t tl t'lIlts d'l 
ll i 

/aul, -c I It(.i I I.tuti iipat iilltiflhi 
fic 	.' l ,uii)ii, \ ',iiiilidicais (IC ;Iicll')li 
iII (.lilt.illiottIlc lIi' ,, il11Illit )oi

Iiiiwii,i ':il" it', 'm.t Itllt', pIliu 'Y Ill i\ ilt,. 
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Communication and Information 
Support Unit 
Worlwide Service to Scientists 

Unidad de Apoyo en 
Comunicaciones e lnformaci6n 
Un Scrvicio 

CIAT's Communication and Information 
Support Unit (CISU) makes agricultural in-
formation from all over the world readily 
accessible tothe center'sstaff and to its national 
program collaborators in the commodity re-
search network s. (ISIJ also supports all of the 
center's communication ciforts with publica-
tions, audiotutorials and auldiovisual materials. 

a los Cientificos a Nivel Mundial 

I-a IiIidad Ic Apoyo cn ('oM]unicaciones c 
1l11 iinaci6i ( UA('I) dcl ( 'IA powI,li ilor
macion Iic'ida dcl 111i111tht a d(isposici')o dcl 
pci' Jrtglcrstnii ;irias,ttildcl ccttlio V ic 
riiiilil t1t,, tic icdcs dCitw itIla pirlc is 


I1t1 t"10Icitt ('1ncult is us. I a I Jniad laitn
 

,1pva i, lti\ tmI tcomitcaci6l
lc', d.c (Icl
 
( citi cit piblicAiCs, aidioltttm lics., V 

ittc tic. titi it . 
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171f.
(141 litrary 

Publications 
Publications are one of the majorcommuni. 

cation efforts of CIAT and tire the responsibil-
itv of' the Publications and Graphic Arts 
sections of CISU. The Writing and Devel-
opnlent section helps illgathering and pre-
paring articles for the newsletters and bulletins,

I-ach year close to 50 titles are published, of 
which ahout 60% are in Spanish and 40% in 
:unglish. Some puiblications will he available ill 

French in the near future. Publications com-
prise program reports, technical reports, sceln-
tifie monographs, technical manuals, proceed-
ings, newsletters and bulletins, working docu-
ments tand others, A listing of CIAT's putblica-
thins in 1985 is found itthe end of this report, 

IlithI icac tincs 
!,ta ,ont ut tic InWdmat tIs ,ivt., ,iiti/, 

dc] ( 
ta de i l, -'N-cNt"c di Ic lO,|'.i nc,, v AV,. 
( ahct.. c-t Ia4 di, .t ti IcLitiwciHw d. 
Rtvio c myt acit a y p".pait (id 

i- -I& t t Iaulot ntw',, 
( ada till 'xc pl, (ttftl ci k.t d ) 4hil .titi~l|,

il" t ttli € i.'ri o:p|ii V 411' ctW 
Ph ,i t',10,,l;',ln 

com -nwci(oat IA I . v 11011 c~lpowniiTili

:.. ahiytin\ i'it Ii I;t
 
. I a lHitbh ?ac tc. t jtl i 
 iWi nior 

i' I atfli, i-ilii t tlr,,t., ittnn J;t
ti 'ljtt it t !i&i n: ttitil iaz, 

dctIi'athii ita11t1lhalot ,ott\i 
tinal d!o ," a iai Ii'tii itic ltaa t d5 "Ie,<' 
ltbtla , d t tt I95 <i it IAI 
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Newsletters and bulletins are periodically 
distributed to keep commodity network mem-
bers informed of research results and networks 
activities. The Tropical Pastures newsletter 
was upgraded in 1985 to bulletin status with 
the support of the International Development 
Research Centre (IDRC). It now contains, in 
32-paged editions, scientific articles and tech-
nical reports of research conducted by tropical 
pasture network members and other re-
searchers in tropical America. This bulletin is 
important since journals in this field are scarce 
in Spanish. 

Publishing CIA T research 

r
 
lnp •i,,l i a-----i l I~ 

Los boletines se envian peri6dicamente a los 
miembros de las redes de investigaci6n con el 
fil ic infornlarlos acerca ieresultados Nacti-
Vidades de inter-s. I bolutin tic lPastos Tropi
tales fuc nielorado enI 1985 con aytnda dl (en
tro Internacional (de investigaciones para el 
)CsairolloW1('11)), elevando su cabida a 32 

Plp'iilas "oil artictilos cienlificos v notas de 
invest igacion de los micmbros ie la red v de 
otros liivestigadores ell A. .rica tropical. lste 
holein prsC.tu Ln importantc servicio ya que las 
plilcaciones cn espafiol cli cstc campo son 
escasas. 
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Press and Mass Media 
Communication efforts are also directed to

planners, administrators, policy makers, andpublic oiniong:rouips' In thei dveloped ranid
developing worlds thlroufghipress eaemag. , 
...
azinc articles,-and radio and press nterviews. 

The Writing and Development section main.
tains professional working relationships with
editors and journalists for this purpose,. 

Training Materials ,Materiales 

The production of audiovisual instructional
units isan important part of the training
materials section, These Spanish-languaSe,
self-teaching units, consisting of aset of slides,' 
a cassette tape, and a printed study guide
provide instrutiton inresearch techniques for 
CIAT's commodities. These units are used In
CIAT training courses, as well as Innational
research programs, agricultural universities,ate,

and various commercial enterprises. To date, 
over 100 units are available. Units are now
being produced for Africa and Asia In both 
French and English. 

Prchsa y Medios Maivos 
Las comunicaciones lambidn we dhripn a

losplanincadoes.admnttradoa, r.ado"Sdpoitics rpo ool©n no ud 
ilsurllo y o earloprn od 

deamuicaus dopesaicl nrestl 
entrevista do prensas radio. La swc6n do
Rodacci6n mantine conato pro(Wonal con
editores y priodistas con tal prop sito. 

de Capacitact6n
El principal prod ucto do csta wecc6n son Waunidaesdo Itrucc6naudiiulpauto

unsflanza on spafo. Consiton do inJu to
d transparncius, un cume. y una sulLa do
estudio Improsa con Instruci6n sbre Ws cul
tiVOS YlAS ticnicas do lnvostlia6n del CIAT. 
So emploun on los cursos do capaoitao l
Centro, on lox proramnas naconalos do la.
uigacn6ndvn Ia"univesdades aera as u t 
pretax comorcloe, aitaIfecha hay nib do
den temas disponble, y soi ln prodocknd@ 
on franc c Inl6n par Afrka y Asia 

OArummitefiss renew Wwwxvn 



Specialized Information Efforts 
Researchers are kept up-to-date on world

wide agricultural publications through a highly 
functional, current awareness service. Special
ized information centers for field beans, cassa
va and tropical pastures collect, abstract and 
systematically file scientific documents on these 
commodities. Abstract volumes of scientific 
literature are published three times a year and 
distr-buted to suscribers in research institutions 
tl.:oughout the tropics. Bibliographic database 
searches aie provided free-of-charge to scien-
tists. 

Since the Bean Program is engaged in a new 
network to increase bean production with 
national research programs in East Africa, the 
Bean Information Center, with IDRC support, 
organized a six-month expedition to obtain 
East African agricultural, agroclimatological, 
and statistical data that could be used by the 
national research scientists. Many specialized 
maps were obtained, as well as 325 documents 
that report bean research in East Africa over a 
period of 50 years. The documents represent 
valuable research literature that was not avail-
able through conventional sources. The mate-
rial has been shared with research network 
members and is available to researchers world-
wide. 

Marketing and Distribution 
Marketing efforts for CIAT publications 

were increased during 1985. The goal of the 
Marketing and Distribution section is to make 
CIAT's publications availablc :o all interested 
users. Distributorships were established in the 
United States, Europe, Brazil and Ecuador. 
In-house sales also exceeded those of previous 
years. The revenue obtained from the sale of 
publications helps to fund free or low-cost 
information services for national program 
scientists. 

I nformaci6n Especializada 
Un servicio rnu'V funcional de informaci6n 

acttalizada inanti.ne , los investigadores al 
dia sobre !a informaci6n agricola mundial. Los 
centros de informaci6n espucializada enl frijol, 
yuca Vpastic" tropic.- :-. coleccionan, resumen 
y alm,- mi sisten ticamente documenlos 
sobre los illivos en invcstig-ci6n. Los respec
tivos volunmencs dc rcsumnenes se publican tres 
vcCCs por aiioy sC cnvian a suscriptores en el 

mundo tropical. Los cientificos pucden solici
tar sin cost(o b(ISluecdas bibliograficas. 

Inifo rmaci6n dc Africa 
Cono el lrograrna de Frijol esti trabajando 

con una red dc investigaci6n para aumentar la 
producci6n en Africa Oriental, el Centro de 
lnformaci6n organiz6, con el apovo del CIID, 
una expedici6n de seis meses para obtener 
informaci6n agricola, agroclirnatol6gica y esta
distica para uso de los investigadores de ese 
continente, habiendo r,,unido mapas y 325 
documentos sobre investigaci6n en Africa 
Oriental en los iiltimos 50 afnos. Esta valiosa 
literatura no estaba disponible en fuentes con
vencionales, y ahora estfi a disposici6n de los 
integrantes de It red e investigadores d,, otras 
partes del mundo. 

Mercadeo y Distribuci6n 
En 1985 se intensific6 el mercadro de las 

publicaciones del CIAT con el fin de hacerlas 
llegar a todos los interesados. Se establecieron 
contactos de distribuci6n en Estados Unidos, 
Europa, Bra.il y Ecuador. Tamb:6n las ventas 
en la sede superaron las de afios anteriores. 
Con -u producto se sostienen servicios de 
informaci6n sin costo o muy bajo para cientifi
cos de programas nacionlcs. 
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CIAT Publications in 1985 Publicaciones del CIAT en 1985 
Financial Information Informaci6n Financiera 
Board of Trustees Junta Directiva
(1985-1986) 


(1985-1986)

Principal Staff Personal Principal
(as of December 1985) (a Diciembre 1985)
The CGIAR System El Sistema CGIAR 



For a complete listing of the contents of CIAT 
publications, as well as the references to papers 
presented, seminars, reports, and other written 
materials representing the results of CIAT's 
research, please see the Bibliography of Work 
Published by CIAT and Its Scientific Personnel 
1969 - 1983 and Supplement 1984 - 1985. Also 
see Materials Published by CIAT Staff in non-
CIAT Publications, 1985, in this report. 
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Para completa informaci6n sobre las publi
caciones dc CIA 1', asi conio rcfrencias a 
trabajos presentados, seminarios, infornics v 
otros niateriales cscrins sobre resultados dc hI 
invcstigaci6n del Ccntro, vcr ila liBliografia ic 
Trahajos Publicados por C'IAT v su Personal 
Cientifico, 1969-1983 v Suplemento 1984-1985. 
Ver tambiin , final d (stC listaddO Materiales 
Publicados por Personal de ('IAT en Publica
ciones Ajenas al CIAT en 1985. 



Reports 

infornies 


CIAT Report 1985, 100p. 

Informe CIAT 1985, 102p. 

1986 Program and Budget and Projections to 
1988, 7 0p. 

CIAT in the 1980s Revisited. A Medium-term 
Plan for 1986 to 1990, 2 16p. 

Books and Monographs 

liIbro,, y \'Ioniraifis 

Land in Tropical America. La Tierra en Am-
rica Tropical. A Te.ra na Am6rica Tropical: A 
Guide to Climate, Landscapes and Soils forAgronomists in Amazonia, the Andean 
Piedmont, Central Brazil and Orinoco (3 vols.),
146p., 4 44 p. and 104p., respectively. (CIAT/-
EMBRAPA.) 


Potential for Field Beans (Phaseuhus vutgaris 
L.) in West Asia and North Africa, Proceed-
ings. 144 p. 

Sistemas de Producci6n Pecuaria Extensiva, 
Brasil, Colombia, Venezuela, Proyecto ETES, 
5 38p. 

Women, Agriculture, and Rural Development 
in Latin America. 150p. (CIAT/International
 
Fertilizer Development Center.)
 

Technical Manuals 

Maii,1lles T'lciicos 

A isla m ie n to , Ca ra cteriza c i6n y E v a lu ac i6 n d e
Rizobios para Leguminosas Forrajeias en 
Suelos Acidos de Am6rica Tropical: Guia 
Metodol6gica. 


Evaluaci6n, Selecci6n y Manejo de Sistemas 
Leguminosa-Rizobio para Aumentar la Fijaci6n de Nitr6geno. Manual de Mtodus. 24 
capitulos. Tambi6n, Guia de Estudio. 7 1p.
(CIAT/PNUD.) 

Evaluation, Selection and Management of Leg
ume-Rhizobium Systems for Increasing Nitrogen Fixation. Methods Manual, 24 chapters.
Also Study Guide, 7 1p. (CIAT/PNUD.) 

Insectos Asociados con Especies Forrajeras en 
Am6rica Tropical, 46p. 

M6todos Quimicos para el Andlisis de Suelos 
Acidos y Plantas Forrajeras, 83p. 

Training Materials 

Materiajes deCapaciaci6n 

Cassava: Research, Production, and Utiliz
ation (Material used in the training courses in 
CIAT). (CIA'F/PNUD.) 745p. 

Frijol: Investigaci6n y Producci6n (referencia
para los cursos de capacitaci6n dictados por el 
CIAT). (CIAT/PNUD.) 41 7 p. 
Arroz: lnvestigaci6n y Producci6n (Referencia 

para los cursos de capacitaci6n dictados por el
 
CIAT). (CIAT/PNUD.) 6 95p.
 

Newsletters and Bulletins 

CIAT International (Vol.4, Nos. I and 2), 12 

and 12p., respectively. 

CIAT Internacional (Vol.4, No. 1), 12p. 

Arroz en las Am6ricas (Vol.5, No. 1), 12p.arro ve sleter (Vol. , No.I ),1 6 
Cassava Newsletter (Vol.9, Nos. I and 2), 16 
and 12p., respectively. 

Yuca Boletin Informativo (Vol.9, No. I), 16p. 
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Hojas de Frijol para America Latina (Vol.7, 
Nos. I and 2), 8 and 4p., respectively. 

Boletin dc Pastas T'ropicales (Vol.7,No. 1), I2p. 

Pasturas tropicales boletin (Vol.7, Nos. 2 and 
3), 1500 and 1800 copies respectively (28 and 
32p., respectively.) 

Semillas para America Latina, Vol.4, Nos. 1,2. 

ARCOS (monthly newsletter for internal distri
bution; N ',. 83-93) 8p., 10p. 

ARCOS Nt, is (weekly news bulletin) 52 
Issues. 

CIAT Program Reports 

lnt,ori cs de IProraI11IS 

Bean Program Annual Report, 1984. Working 

Document No.7. 311 p. (Tiambi,3n en Espafiol.) 

Cassava Program Annual Report, 1984. Work-

ing Document No. I. 2 70p. 

Progranla dc Pastos Tropicales. Informe Anual 
1984, Documento de Trabajo No.5. 279p. 
(Also in English.) 

El Desarrollo Agroindustrial de la Yuca Cn la 
Costa AtkIntica de Colombia. Cuarto Informe. 
Proyecto Cooperativo DRI-CIAT. Vol.1, 42p. 

Informc del Viajc de Obscrvaci6n a los Paises 

de Venezuela, Colo95 bia, -cuador, Paamid yi 
Costa Rica. IRIP. 95p. 

Red Intcrnacional dc Fvaluaci6n de Pastos 
Tropicales, 3a. Reuni6n, Cali, Colombia, 1985. 
Resultados 1982-1985. 2 vols; 1228p. 

RcsUlItados dc los Vivcros del IRTP para 
A I ri ca La t ilna DistriblidOS l 1984. (CIA f-
IRTP.) 163p. 

ReuniOn dcl Conit! Ascsor de la Red Inter-
nation1 al die FEvaluaci6n de Pastos Tropicales, 
3a., 1985. Partc i, 142p. 11, 43p. 

Reuni6n de Trabajo sobre Ensayos Interna
cionales de Frijol, lo., (International Bean 

Trials Workshop). Trabajos Presentados. 
435p. 

Working Documents 

l)octiientos de "'rabajo 

Anflisis de Productos e Insumos Ganaderos 
1984, documento para la Red de Pastos Tro
picales (RIEPT). 39 p. 

Conservaci6n in vitro. Serie Lecturas sobre 
Recursos Fitogen6ticos, No. 3. (CIAT/Con

sejo Internacional de Recursos Fitogcn6ticos) 
20p. 

Evaluaci6n de Nueva Tecnologia de Frijol a 

Nivel de Finca, Sur del Huila, Colombia, 1978
1980. 28p. 

Trends in CIAT Commodities, 1.10, 1985.79p. 

Plus appendices. 

Information Services Publications * 

lIhllicacioncs de los Servicios de 
Intlortaci~n * 

Abstracts on Cassava, Vol. i1, Nos. I - 3. 

10, Nos. I - 3.Abstracts on Field Beans, Vol. 

Resfimenes Analiticos sobre Yuca, Vol. 11, 
Nos. I - 3. 

Resfimenes Analiticos sobre Frijol, Vol. 10, 
Nos. I - 3. 

CIAI offers bibliographic scarches on any of its commodities. 
Fo r more inlornatilon, contact the Library's Information 

Services. 
I I\1 

dc ' ,,1 .... ,.i.... I,I i, I,,ic1.,, , L,I, ,,.,,. 
,, 
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:" B~libliografias * 

ii'Bean Rust -(Uromy~ces phaseoli Reben) lI Ip,.r~oc 1nv.-.1Nv vareda arutv eat 


' " Cassava Utilization inAnimal Feed),1899-
... ; El Uso de la Yuca en la Alimentaci6n Animal 

984, 274p. 

The Work of the InternationalAgricuitural 

Research Centers in Latin America: A Bibli-
ographic Introduction, 174p.
-e 198 Ns. -12 

a'~firBiblioraphi Bulni (aoety Biblocommodicies 

Leaflets(Versi6n preliminar) 92p. 
aserialSlistin g),aafDirecori 

" Plegables 
Frijolica 0- 3.2, Nueva variedad de frijol de~Directorio 
enredadera para clima fio,2000 copies.
 

frijol con amplia adaptacidn, 2000 copies.7 FrioliauevP- 11,vaiedd abusivadeS984,( P. versipn 14p reliminar) 

The ork of griltualFrijolica 0 - he ntenatonal3.2, Nueva variedad de frijol de.ofdpara clima 200,0 cpiea, 


og a , 

Directorio de EspecialiStas e nstituciones.
 

,Semillas (Versin preliminar) 125p.
 

:lnf0ormacidn para investigadores 'Visitantes ; .
'(2a. ed.). 

b4-4gaplGlosario de T~rminos 'Usados en Semillas :,7 

de InVestigadores de la Yuca (2a. 
.
ed.) 200p. 
Agricola. IIOp.Latinoamericano de Biotecnologia. 

Publications Catalog ((a~lg de. Publiavailable,:with-prices andordering informa-caciones) (List of'CIAT publications currently:eils(es~de11o -
 a.11dcS1111oca 

nfo mac~n ara nvetigdors Vsitntetion. In English and Spanish.)-fro, "
des : .... "i
( a 

tado con precios einrmaci6n sobreformadesec
 

ubc nt or more Informatoide the Libra(iy'sbhfarmyl 

E Yuc enTIAlientcinio duction and Animal s haology of 0 
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ASHBY, J. A. 1985. Women and agricultural 
technology in Latin America and the Carib-
bean. In Report from the CGIAR Inter-CenterSeminar on Women and Agricultural Tech-
nology: Relevance for Research, Bellagio, Italy, 
national research.1985. 2. Experiences in the international andNew York, Rockefeller 
Foundation. pp. 213-239.New 

BOHNERT, F.;LASCANO, C.; WEINGER,.1. 1-1.1985. Botanical and chemical composi-
tion of the diet selected by fistulated steers 
under grazing on improved grass-legume pas-
tures in the tropical savannas of Colombia. Z.Tierziichtg. Zichtgshiol. 102:385-394. 

BURCKHARDT, E.A.; HOWELER, R. H. 
1985. Efecto de Ia inoculaci6n de cepas de 
micorrizas sobre cl crecimiento de la yucavarios suelos en 
ivri sn naturales en el invernadero, hE .;sn churlez
dcl elrager .;BraoInlecerSieverding, E.; Sinchez de Prager, M.; Bravo

0., N., eds. Curso Nacional sobre Micorrizas, 

lo., Palmira, 
 Universidad Nacionallombia. de Co-19Facultad de Ciencias Agropecuarias,

1984. Investigaciones .,obre micorrizas
loinbia: Mlenorias. pp. 140-153. en Co-

CANO, .1. 1985. Provecto de materiales de
capacitacion en ('fAT: un enloque innovativoa Ia transferenci, de tecnohgiaen a agricul-tura. Redsci No. 3:20-25. 

('ARDOS(), C. I.: lltR(I ISON, .1.F.; SAN-
t'111Z. N1. 1985. Aspectos tie matncjo para

prodtuccit'm dic inHas
se (ic capica. Sei i la;s10(4):26. Illnl ibi, ell Scm, iia rio Pal ia icricail)

tie Scinillas, II o.. ('ll, (olmlonbia, Acosemillas, 

1985. Meniorias. pp. F.29-+ 
 0. 


CASTAN Z.,Z.. 1985. Micioorganismos so-

ciados con el InulIchaIdh )dcl grano dCarroz Cl

(olombia . Arroz ((')loibia) 34(330): 22-25. 

('RNI-.A M. M.; (UGIGiiNIll IM, S. 1985. 
Is anthropology siper fllious in failrming Sys
telms rcsearch.? I Symposium l"arningon 
Systems Research & lLxtension, Malnhatll,
K.allsas State University, 1984. Proceediugs. 

('IAT. 1985. lBrachiarjahmidicol( Cli la AIlia-

zonia ecuatoriana. Ganados y Praderas 
4(23):26-28. 

CIAT. 1985. El CIAT entra en a era de la
biotecnologia. Semillas 10(4): 37-39. 
COCK, J. H. 1985. Cassava: new potential for 
a neglected crop. Boulder, Colorado, WestviewPress. 205p. 

COCK, J. H. 1985. Some factors in successful 
cropping. 9. Cassava. Span 28(01): 23-25. 
COCK, . H.; PORTO, M. C. M.; EL-SHAR-
KAWY, M.A. 1985. WaterK WMA 95 use efficiency ofae s fiinyo
cassava. 3. Influence of air humidity and water 
stress on gas exchange of field grown cassava. 
Crop Science 25(2): 265-272. 

DOUGLAS, J. 1985. Alternativas para fortael sector de semillas en los paises en via dedesarrollo. In Seminario Panamericano de
Semillas, Ilo., Cali, Colombia, Acosemillas, 

1985.5 e oi s 10 ,( l oMemorias. lop. (Also innEnglish.)E gi h. 
EL-SHARKAWY, M.; COCK, J. H.; HER-E -H R A Y . O K
NANDEZ, .H;H RA. DEL P. 1985. Differential reiponse of stomata to air humidity in the

parasitic mistletoe (tPhthirusapy,rijblia)and its
host, mandarin 
 orange (Citrus resutulata).
Photosynthesis Research 7: 137-149. 

FALK, B. W.; MORALES, F. J.; TSAI, J. H.;

NIESSILN, A. 1. 1985. Comparison of the
 
::apsid and non-capsid proteins of maize stripe
virus, rice hoja blanca virus and echinochloa
 
hoja blanca virus. (Abstract.) Phivtopathology
 
75(11): 1291-1292. 

F.OR, C. A. 1985. l-iagn6stico dc problemas

dc sielos en lfrutales. StL aplicaci6n a los

prohlema s tie lertilidad tie suelos. I,iFruticul
tlrita tropical. lBogoti, Colombia, Federaci6nNacional ide C'af'eeros tie ('olonbia. pp. 32-34 

FI.OR, C. A. 1)85. Revision (ICalgulios crite
rios sobrc cl probleia (iCIa rmccnendaci6n tiCICrjlizantcs el frutaitles. h I/tiicultulra tropi.cal. Ilogol;i, olomnlbia. !"cderaci(u N cional 
tie (afctCeo de( 'loii pp..5-39. 
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tural research in the tropics. IAALD QuarterlyFUENTES, C. L.; DOLL, J. 1985. Los herbi-
cidas: modo de actuar y sintomas de toxicidad. Bulletin 30(4): 101-107.
 

Revista Agropecuaria Circulo Ganadero No. HARRIS, S. C. 1985. The integration of the
 
26:20-30.
 

information and communication functions and 
marketing of the resulting product. In Inter-GALWEY, N. W.; TEMPLE, S. R.; SCHOON-

HOVEN, A. VAN 1985. The resistance of national Association of' Agricultural Librari

genotypes of'two species of Phaseolusbeans to ans and Documentalists, World Congress, 
7th., Ottawa, Canada, 1985. Proceedings. Mithe leafhopper Empoasca kraemneri. Annals of 

Applied Biology 107: 147-150. crofiche. Also published in: Information Serv
ices and Use 5(6). 

GARCIA, D. A.; FERGUSON, J. E. 1985. 
Semilla de Andropogon gavanus o Carimagua. HERNANDEZ M., J.; LOZANO T., J. C. 

I. Ganados y Praderas 4(24): 34-40. 	 1985. Efecto y caracteristicas de algunos ais

lamientos de rizobacterias fluorescentes 
GOMEZ, G. G.; VALDIVIESO, M. 1985. 	 en 

genotipos de yuca (Manihot esculenta Crantz).
Cassava foliage: Chemical composition, cya-

on cyanide Acta Agron6mica 35(1): 61-80. 
nide content and effect of' drying 

elimination. Journal of the Science of' Food HOWELER, R. G. 1985. Aspectos pccticos 

Agriculture 36: 433-441.•nd de la investigaci6n de micorrizas vesiculo-

GOMEZ, G. G.; VALDIVIESO, M. 1985. Ef-	 arbusculares demostrados en el cultivo de la 

fects of drying temperature and loading rates 	 yuca. In Sieverding, E.; Sanchez de Prager, M.; 

Bravo 0., N., eds. Curso Nacional sobreon cyanide elimination from cassava whole-
chips. .ournal of' Food Technology 20: Micorrizas, lo., Palmira, Universidad Nacioroot 

nal de Colombia. Facultad de Ciencias Agro375-382. 
pecuarias, 1984. Investigaciones sobre mico-

GOMEZ, G. G., VALDIVIESO, M. 1985. rrizas en Colombia: Memorias. pp.44- 6 1. 

Foliage and root production of' field-grown 
cassava cultivars as affected by plant age. HOWELER, R. H.;GUZMAN,S. 1985. Prdc

ticas de conservaci6n de suelo en explotacionesl'urrialba 35( 1): 5-10. 

agropecuarias en laderas. In Congreso Co

(M.lZ, (i. (i.: VALI I)IiViL So(. NI.:iM'A, lombiano de Cuencas 1lidrogrMficas, 3o., Cali,
 

g. T.1985.The influence oeniltivarrad plant Colombia, 1985. Memorias. pp. 208-239. 
age on the chemical composition of hield

grown cassava lcaves and roots. (ualitas Plant- HOWELER, R. H. 1985. Pr~icticas de conser

arumnllant l )ds [Wr I nluman Nutrition 35(2): vaci6n de suelos para cultivos anuales. In 

109-1 I19. Manejo y conservaci6n de suelos de ladera. 

SeminarioSeol. sobreai Manejo y Conservaci6n94 eorstJ(i(iI':NII El M, S. 1985. Notas de la inves- ooba de 

Sulos, lo., Call, Colombia, 1984. Memorias. tigaci6n sobre experimentaci6n agricola en el 
pp. 77-93. 

Sur de ('olombia. 1armiring Systems Support 

Project Newsletter .1(0): 1-2. IiI JTI ( )N, L;.M. 1985. (cnt rosema breeding 

S. 1).1985. to acid tropical soils, with emphasis on eff
(itJ :llRREZ, .1. A.; SIN(,tl, 

I cterosis allid inbreeding depression in dry ficient Ca absorption. Iropical Agriculture
 

bush bea us, I'hau 'olu.% vul,'at ix I.. ('anadianl (Trinidad) 62(4): 273-280.
 

Journal of Plant Science 65(2): 243-249.
 
.IANSS1EN, W.; WIFATL.FIY,C. 1985. Urban 

-I IARRIS, S.U. 1 85.('n rrertira wa reniess methi cassava mark ets: The impact of fresh root 

)d(holugies fo r ,trengilhcning applied agricul- storage. Food Policy 10(3): 265-277. 
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KRAMER, F. 1985. The International Center 
System and its relation to germplasm, germ-
plasm development, and the seed sector. In 
Seminario Panamericano de Semillas, 1 o., 
Cali, Colombia, Acosemillas, 1985. Memorias.pp. B37 - .41.LYNAM, 
pp B.37 - .41. 

LAING, D. R. 1986. New technology as the 
basis for increased production: Rapporteur's 
summary of discussions. In Cassava in Asia, Its 
Potential and Research Development Needs. 
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Director, Crop Research Division 
1)irectora, Divisi6n de Investigaci6n en 

Cultivos
 
Philippine Council for Agriculture and
 
Resources Research and )evelopment
 
(PCA R R ))
 

Consejo Filipino de Investigaci6n y
 
Dcsarrollo Agricola yde Recursos
 

Philippines 

Filipinas 

Fernando (i6mez Moncayo 
Gcerente, Instituto Colombiano 
Agropecuario (ICA) 

Manager. Colombian Agricultural Institute 
Colombia 

Kcn-ichi Htayashi 
)irector General, Tropical Agricultural 
Research Center (TARC) 

Centro de Investigaci6n Agricola Tropical 

.apan 

lap6n 

Frederick Htutchinson 
I)irector, Ohio Staie Agricultural 
I)evelopment Center 

('entro (ic I)csarrollo Agricola del Estado (ie 

01hio 
S.A.U;. 


Robert) Melia (aiccdo 
Minisro tic Agricultura 
Minister ol Agriculture 
Colombia 

John I.. Nickel 
I)isector (iencial, (Centro Internacional dc 
Agicirultia I iopical (CIAT) 

IntcI.w ilmnal ( 'eteir 1(, I topical 

Ajl cii It eillt" 

('olormbit 

Mallt'o llhlitol Ii/4) 
Rc t'clm, I limislid idNacinal de (paloih i 

Nationaril Itli V il (" )IS il lituu.u 

( lplilir, 


Aston Zachariah Preston 
Vice Chancellor, University of the West 

Indies 
Vicecanciller, Universidad de West Indies 
Jamaica 

Erwin Reisch 
Leader, Center for Agriculture in the 

Tropics and Subtropics 
lider, Centro para hi Agricultura en los 
Tr6picos y Subtr6picos 

University of Iliohenhcim 
Univcrsidad de Ilohenheirn 
Federal Republic of Germany 
Repfiblica Federal ic Alcmania 

Rod rigo Iart6 
I)rrector, Centro Agron6mico Tropical de 

Investigaci6n FInsefianza (CATIF) 
Tropical Agronomic Research and 

[raining ('enter 
Cost a Rica 

[hmir Wagner 

Cooidinador II,(A 1 M IIlR APA. Fscritorio 
no lrasil 

('oordintoit. lIr:/il Ilureau IICA/ 
iIMI1RAPA 

Ih11a/l 
lirasil 

I-rcdC Lk , 111M W ilh ti 

Ag,Sccctary Nali-,,ial (C'ounlcil Im ScIence 
and I'clhi il,y 

Sccictalird" A ui'ultu.il l. ( lCoejo Ntcinal 
l;aa l ( il-iIa t,ec hilopia'I 

K 'l la 

K,I ena 
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Principal Staff
 
(as of December 1985) 

Office of the Director General 
Ot'iciiia del l)irector (eneral 
Senior staff 

John L. Nickel, Ph.D., Dr.sc.agr. h.c., 


Director General 


)ouglas R. Laing, Ph.D.,
Deputy lDirector Gencral)irector Diencral Adjunto 

Gustavo A. Nores, Ph.D., 
l)eputy )irector General 
Director (eneral Adjunto 

Fritz Kraler, Ph.)., 


Assistant D irector
 
Direc to r As t ciStn 


(crtrude rekelbaumn, Ph.1),,
Projects O)fficel 

I'uncionari tic 1'royctos 

Internal Auditing 
/\ lil( )rlt I itcuilla 

('dncrrl ;Idn~linit rat i . ict',%U',(ei stt&ffritopitGe'ni ralad, ininft i ,llhhhllis l ; .1 iaf Lft'hltrll~% 

I.ujis I'Cllianh, Montoya, (,I'T,,
Ilternal Auditot 
Audi lmt in, 

Personal Principal 
(a Diciembre 1985) 

Bean Program
 
Programa de Frijol
 

Senlor staff
 
Aart van Schoonhoven, Ph.D.,
 

Entomologist, Leader
 

Entom6ogo, Lder
 

David Allen, Ph.).,Plant Pathologist, 
Regional Coordinator,

East African Bean Project (stationed in 
ILCA, Nairobi, Kenya) 

Fitopat6ogo, ('oordinador Regional, 
Proyecto dc Frijol ei Africa Oriental(con scdc en IL.CA, Nairobi. Kenia) 

Stephen R.I Bleebe, 11h.l).,
 
Plant Breeder, Plant ieeding

Fitomejorador, litomejoramiento
 

Jo, Bowa,, Poh. I),.

Plant Palhoflo ist, ('entral A mesica
Il'rojecl (statiofled in (')sta Rica) 

Bcan
 

thh
e 
 J.I o yccho( 'cfttItnallinicanlD (cIrijol (t-(:; wdt. Cn ( 1 ail ica) 

Jcrcmy II. )avis, I'lI).,
Plart Iih tdcl , 'h1t Ihcrtliny.
I'it()llejr:t' h Iuit iro, lliit, ttE, 
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Michael Dessert, Ph.D., 
Plant Breeder, Great Lakes Bean Project 
(stationed in Rubona, Rwanda) 

Fitomejorador, Proyecto de Frijol de los 

Grandes Lagos (con sede en Rubona, 

Ruanda) 

Guillermo F. (itlvez, Ph.l)., 
Plant Pathologist, Regional Coordinator, 
Central A ferica Bean iroject (stationed in 
San .Jost3, Costa Rica) 

Fitopat6logo, Coordinador Regional, 

Provecto Ccntroamericano de Frijol 

(con sedc en San .IosC, Costa Rica) 


Guillermo Ilninde/ Bravo, ILagos 

Plant Breeder, Co-leader, IN!PA/CIAI 
Collaborativ : Ilcan Project (stationed in 

Iea, Ile UL) 

Fitomcjorad(ol, ('o-lider, IProyecto 
(olaborat iVd Irijol INIPA/CIAT 
(Coll sedc en Ica, I') 

Francisco .1. Moirales, Ph.I)., 
Virologist, Virology 
Vir6logo, Virologia 

Silvio II. ()ro/co, M.S., 
Agronomist, (entral America Bean Project 
(stationed i)(iialciinlala ('ity, (ilatcrua1a) 

Agiioiio, l'Pi octto ('elitloaineicano Ie 
I'liiol (c ll,cdc ell ('ldtl dc (iuatelnall, 
tliiti iitli)(si it 

, .,l)tigla., Iach lc(I) 

I gil clt ic n n sI)., 

gitoiis l, iia!FconliltiN-i Adl . 

l ,
M altial I l olt,-('f~Colh ). 
U11l111t lPathohlp t. lahnt l';11h1dogy 

Ilitopat'd6og. I'lopialoloy.i 

Shrec I'. Siiiph. I'h I)., 
'lant III(tcdv[, Plant Blceding 

I'iimonic1,1 ol , 1 toliclolallu itlo 

Ilafl ' ,i ' Dml
y ., 

, I-;it Alicaun Ilcan IliojeclPluintl I!,c t'dr 


()ficitull'tinit' inndc I fllpd vii Alii ,;i l 
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* Steven R. Temple, Ph.D., 
Plant Breeder, Plant Breeding 
Fitomejorador, Fitomejoramiento 

Michael D. Thung, Ph.D., 
Agronomist (stationed at CNPAF, Goiania, 
Goias, Brazil) 

Agr6nomo, (con sede en CNPAF, Goiania, 
Goias, Brasil) 

Peter Trutman, Ph. I)., 
Pathologist, Great Lakes Bean Project 
(stationed in Rubona, Rwanda) 

Pat6logo, Proyceto de Frijol de los Grandes 

(con sede en Rubona, Ruanda) 

Oswaldo Voysest, Ph.D., 
Agronomist, Agronomy 
Agr6nomo, Agronomia 

Jeffrey White, lh.I)., 
lPhysiologist, Physiology 

Fisi6logo, Fisiologia 

Jonathan Woolley, Ph.)., 
Cropping Systems Agronomist 
Agr6nomo dc Sistemas de Cultivo 

I ci .1.Youngdahl, Ph.l)., 
Plant Physiologist, IFI)C 
Iitolisi6logo, IFI)( 

Senior research fellows 
* .Iailo ('astafio, I )., 

lant Pathology
 
Fitopatolopgia
 

Nigel Rimarildh S ackville-Ilainilton, Ph.D., 

I)iti Mlanagemnitt Systemls
 
Sistcinas dc M;icjo (IeI)atos
 

JIudith Kipc.NO1t, I'l.I)., 
M icl obio lo gy
M icto l opla(
i;
 

N i,rlti,,,, i'POO 



Visiting scientists 
Cientificos visitantes 
George A. Abawi, Ph.D., 


Plant Pathology 

Fitopatologia 


Theodora C. van Herpen, M.S., 

Economics 

Economia 


CIAT fellow 
* Porfirio N. Masaya, Ph.D., 

Plant Breeding 
Fitomejorami 'nto 

Postdoctoral fellows 
F.elho, pol,,i frales 
J oa ch im Vo ss, ,

(reat Lakes Bean Project (assigned by the 
Rockeleller Foundation, stationed in 
Rubona, Rwanda) 

Proyecto de Frijol de (;randeslos Lagos
(asignado por la Fundaci6n Rockefeller, 
con sede en Ruhona, Ruanda) 

Julia L. Kornegay, PI.l)., 

Plant Breeding 

Fitomejoramiento 


Cassava Program
1 ro-'1111 (r YICa' 

Senior staff 

.lames II. Cock, Ph.)., 


Physiologist, Le.ader 

Fisi6logo, I ider 


Anthony U.lcllotti, Ph.!)., 

Entomologist, ntomology

lnton6logo, Elntoniologia 


('lair Ilershey, Ph.I)., 
Plant Breeder, Plant Breeding
Fitoflnelorador, i'i Pmleijorainiento 

Reinhaidt IIowelcr, Ph.).., 
Soil Sceintisl, Plant Nutritionist 
(icntilfico de Suclos, Nutricionista de 

as 

Kazuo Kawano, Ph.D., 
Plant Breeder (stationed in Rayong, 
Thailand) 

Fitomejorador (con sede en Rayong, 
Tailandia) 

J. Carlos Lozano, Ph.D., 
Pathologist, Pathology
 
Pat6logo, Patologia
 

John K. Lynam, Ph.D.,
Agricultural Economist, Economics 
Economista Agricola, Economia 

Rafil Moreno, 
Ph.D.,
 

Agronomist, Agronomy
 
Agr6nomo, Agronomia
 

S nhe ah. 

Senior research fellows 
Rupert Best, Ph.D.,
 

Utilization
 
Utilizaci6n
 

Mabrouk EI-Sharkawy, Ph.D.,
 
Physiology
 

Fisiologia
 
Postdoctoral fellows
 
Pelo toot lorales
 

Edward Carey, Ph.)..
 
Breeding
 
Mejoramiento
 

Carlos Alberto lbfiez, Ph.D.,
 
Economics
 
Economia 

Barry Nolt, Ph.D)., 

Virology
Virologa 

Steve Romanoff, Ph.D., 
Fconomics
 
iconomia
 

Roberto Saez, lh.i).,
Ficonom0flics 

lconomfa 

I c dring195. 

,lant I 
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Luis Sanint, Ph.D., 
Economics 
Economia 

Ewald Sieverding, Dr.agr., 

Soil and Plant NutritionSoiland lantNutrtionVillavicencio, 

Nutrici6n de Suelos y Plantas 

Christopher Wheatley, Ph.D., 
Utilization 
Utilizaci6n 

Rice Program 
Programa de Arroz 

Senior staff 
Peter R. .Icnnings, Ph.D., 

Plant Breeder, Lead er (assigned by the 
Rockefeller Foundation) 

Fitomejorador, Lider (designado por la 
Fundaci6n Rockefeller) 

James Gibbons, Ph.D., 
Plant Breeder (stationed in Villavicencio, 

Colombia) 
Fitomejorador (con sede en Villavicencio, 
Colombia) 

Joaquin Gonz~ilez F., M.S., 
Agronomist, Co-leader, INIPA/CIAT

Projct (statioCientificoA CollaborativeaerNCollaborative lice Project (stationed 

Agr6nomo, Co-lider, Proyecto 

Colaborativo de Arroz INIPA/CIAT (con 

sede en Tarapoto, Per6) 


C~sar Martinez, Ph.D., 
Plant P-eeder, Plant Breeding 
Fitomejorador, Fitomejoramiento 

Edward Pulver, Ph.D., 
Plant Breeder, Plant Breeding 
Fitomejorador, Fitomejoramiento 

Manuel Rosero, Ph.D., 
Plant Breeder, IRRI Liaison Scientist 
Fitomejorador, Cientifico de Enlace de IRRI 

Robert Zeigler, Ph.D., 
Plant Pathologist, Plant Pathology 
Fitopat6logo, Fitopatologla 

Senior research fellow 
Surapong Sarkarung, Ph.D., 

Plant Breeding (stationed in Villavicencio, 
Colombia)Coombia) 

Fitomejoramiento (con sede enColombia) 

Posdoctoral fellow 
Fellow posdoctoral 
George Weber, Ph.D., 

Entomology 

Entomologia 

Tropical Pastures Program 

Programa de Pastos Tropicales 
Senior staff 
Jos6M. Toledo, Ph.D., 

Pasture Agronomist, Leader 
Agr6nomo de Pasturas, Lider 

Rosemary S. Bradley, Ph.D., 
Soil Microbiologist, Microbiology 
Microbi6loga de Suelos, Microbiologia 

* 	Walter Couto, Ph.D., 
Soil Scientist, Pasture Development, CPAC-

EMBRAIA/IICA/-CIAT (stationed at 
CPAC, Brasilia, Brazil) 

de Suelos, Desarrollo de Pasturas,
CPAC-EMBRAPA/ IICA/ CIAT (con 

sede en CPAC, Brasilia, Brasil) 

John E. Ferguson, Ph.D., 
Agronomist, Seed Production 

Agr6nomo, Producci6n de Semillas 

Myles Fisher, Ph.D., 
Ecophysiologist, Ecophysiology 

Ecofisi6logo, Ecofisiologia 

Bela Grof, Ph.D., 
Agrostologist, Cerrados Agronomy 

(stationed in CPAC, Brasilia, Brazil) 
Agrost6logo, Agronomia de los Cerrados 
(con sede en CPAC, Brasilia, Brasil) 

* Left during 1985. 
* Se rctire4 en 1985. 
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Gerhard Keller-Grein, Dr.agr., 
Humid Tropics Agronomy (stationed in

IVITA, Pucallpa, Peru) 
Agronomia de Tr6picos Hfimedos (con sede 
en IVITA, Pucallpa, Peri6) 

Carlos Lascano, Ph.D.,
Animal Scientist, Pasture Quality and 
Nutrition 

Zootecnista, Calidad de Pasturas y Nutrici6n 

Jillian M. Lennd, Ph.D., 

Plant Pathologist, Plant Pathology 

Fitopat6loga, Fitopatologia 


John W. Miles, Ph.D., 

Plant Breeder, Plant Breeding 

Fitomejorador, Fitomejoramiento 


Esteban A. Pizarro, Ph.D., 

Agronomist, Regional Trials 

Agr6nomo, Ensayos Regionales 


Jos6 G. Salinas, Ph.D., 
Soil Scientist, Soil and Plant Nutrition 
Cientifico de Suelos, Nutrici6n de Suelos y

Plantas 

Rainer Schultze-Kraft, Dr.agr., 

Agronomist, Germplasm 

Agr6nomo, Germoplasma 


Carlos Serd, Dr.agr., 

Agricultural Economist, Economics 

Economista Agricola, Economia 


James M. Spain, Ph.D., 
Soil Scientist, Pasture Development
(stationed in Carimagua) 

Cientifico de Suelos, Desarrollo de Pasturas 
(con sede en Carimagua) 

Derrick Thomas, Ph.D., 
Forage Agronomist, Llanos Agronomy 
Agr6nomo de Forrajes, Agronomia de los 

Llanos 

Ratil R. Vera, Ph.D., 
Animal Scientist, Cattle Production Systems
Zootecnista, Sistemas de Producci6n de 

Ganado 

Senior research fellows 
Pedro J. Argel, Ph.D., 

Collaborative Project in Panama, IDIAP/
AID/ Rutgers University/ CIAT (stationed 
in David, Panama) 

Proyecto Colaborativo IDIAP/AID/-
Universidad de Rutgers/CIAT (con sede 
en David, Panami) 

Tsuyoshi Mitamura, Ph.D.,
 
Pasture Establisment
 
Establecimiento de Pasturas 

Saif ur Rehman Saif, Dr.agr.,
 
Soil Microbiology
 

Microbiologia de Suelos
 
Postdoctoral fellows
 
Pellowsosdoctlorales
 

Julie M. Stanton, Ph.D.,
 
Plant Pathology
 
Fitopatologia
 

Philip K. Thornton, Ph.D.,

Cattle Production Systems

Sistemas de Producci6n de Ganado
 

* Aldo Barrientos, Ph.D.,
 
Entomology
 

Entomologia 
Research Support 
Apoy) :i IaSupportllsiX'Ciaciorn 
Biotechnology Unit

Research 
U[rlidatd de IlllC st i IcioH el 

3i)t cco o 'i;111 
Senior staff 
William M. Roca, Ph.D., 

Physiologist, Head 
Fisi6logo, Jefe 

Posdoctoral fellow 
FI.ellow posdocloral 
Laszlo Szabados, Ph.D., 

Celular biology 

Biologia celular 

Left during 1985. 
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Genetic Resources Unit 
Unid'I de Recursos Gen6ticos 

Senior staff 
* William Roca, Ph.D., 

Physiologist, Acting Head 

Fisi61ogo, Jefe encargado
~Data 

David Wood, Ph.D., 
Botanist, Head 
Botftnico, Jefe 

Posdoctoral fellow 
Daniel G. Debouck, Ph.D., 

CIAT/IBPGR Bean Collector 
Recolector de Frijol CIAT/CIRF 

Seed Unit 
Ii nidad de Semillas 

Senior staff 

Johnson E. Douglas, M.S., 


Seed Specialist, Head 

Especialista en Semillas, Jefe 


Adriel E. Garay, Ph.D., 
Seed Specialist 
Especialista en Semillas 

Visiting scientists 
(ientificos visitantes 
Helen Low, 

Seed Analysis 
Andlisis de Semillas 

Luis Vicente Malaver, M.S., 
Seed Production 
Producci6n de Semillas 

Harold Youngberg, Ph.D., 
Forage Seed Specialist 
Especialista en Semillas Forrajeras 

Training and Conferences 
Capacitaci6n y Conferencias 

Senior staff 
* Fernando Ferndindez, Ph.D., 

Soil Scientist, Coordinator 

Cientifico de Suelos, Coordinador 


General administrative services staff 

lPersonal de servicios administrativos 
gencrales 

Alfredo Caldas, M.S., 
Admissions Administrator 
Administrador de Admisiones 

Services 
Servicios de Datos 

Senior staff 

Leslie C. Chapas, Dipl. Math. Stat., 
Biometrician, Head 
Dipl. Estad. Matem., Biometrista, Jefe 

Agroecological Studies Unit 

Unidad de Estudios 
Agroccol6gicos 

Senior staff 
Peter Jones, Ph.D., 

Agrometeorologist, Computer Scientist, 
Head 

Agrometeor6logo, Cientifico de Sistemas, 
Jefe 

General administrative services staff 

Personal de servicios administrativos
 
generales
 

Maria Cristina Amzquita de Quifionez, Dipl. 
Math. Stat., 
Head, Biometrics 

Dipl. Estad. Matem., Jefe, Biometria 

Communication/ Information 
Support Unit 

Unidad de Apoyo en 

Comunicaciones e
 
Inforinacidn
 

Sno tf
Susan C. Harris, M.L.S., 

Information Specialist, Head 
Especialista en Informaci6n, Jefe 

* Left during 1985. 

* Sc retir6 en 1985. 
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Susana Amaya, Ph.D., 
Senior Editor, Publications/Editing 
Editora Principal, Publicaciones/Editoriales 

Jack Reeves, J.D., 
Senior Writer, Writing and Development
Escritor Principal, Redacci6n 

Senior research fellow 

Jairo Cano, Ph.D., 


Communication Specialist, Head
A ud iotutitori als

Especialistaen Corunicaci6n, 

JseieAdoutoias ,
n 

Jefe de Audiotutoriales 


Visiting editor 
Editora visitanteCaro Dagon,.S.,IFDC/CIAT 


Carol Dagnon, M.S.,A
English Editor, Publications/ Editing 
Editora de ingl6s, Publicaciones/ Editoriales 

General administrative services staff 

Personal de servicios adhninistrativos 


gcneral % 
Walter Correa, Ph.D., 


Head, Graphic Arts/ Production 

Jefe, Artes Gr~ficas/Producci6n 


Experimental Stations 

Operahitions

( )p+c aci ones (ICIlas .s taci ones
iOx pcin ct ilc. 

Senior staff 
Alfonso Diaz-Durfin, M.S., P.E., 


Superintendent 

Superintendente 


Special Projects 
Proyectos Lspeciales 
Biological Nitrogen Fixation ProjectProycctlc Cie' F'i.1"16611 iettClo 
Nt IP')gL'I( 

Senior research fellow 
David J. Harris, Ph.D., 

Agronomy/Soils 
Agronomia/ Suclos 

CIMMYT/CIAT Andean Region
Maize Project 

1,1"()\cc tt ()U1 I ,NI "/( ,F\ T i/ 

pal I'l l\C6Ll) A 1tid I
 
Associate member senior staff
 
,Nlienilro -woci:L(Io del 
 enior ,taff 

Gonzalo Granados, Ph.D.,
 
Entomologist, Head
 
Entom6logo, Jefe
 

Shivaji Pandey, Ph.D.,
Plant Breeder, Andean Regional ServicesFitomejorador, Servicios Regionales 

Andinos 

Phosphorus Project 

i)I'\'C _ I t iorI I II '1 I 
Senior staff 

Luis Alfredo Lc6n, Ph.D.,
 
Soil Scientist, iead
 
Cientifico de Suclos, Jcfe
 

Jacqueline A. Ashby, Ph.lD.,
 
Rural Sociologist, Sociology
 
Soci6loga Rural, Sociologia
 

Adolfo Martinez, lih.I).,
 
Agricultural Economist

-Fconomistaagricola 

Posdoctoral fellow
Fellow posdocI(r.0
 

Scott Guggenheim, Ph.)., 
Anthropology 
Antropologia 

INTSOY/ICA/CA'I' Project 
I'ru,\ ciu( INIS( )' "I( \/( 'I\ I 
Associate member senior staff 
Nlienmro ,',t(itl(ldcl %viiorsiaffLuis H.Caniacho, PIl)., 

l'lant Breeder, lad
 
iitomejorador, .Jeft
 

Idi during 19H5 
I. r 19S 
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INTSORMIL/CIAT Regional 

Sorghum Project 


Provccto Regional de Solgo 

INTS() R il I Al 


Associate member senior staffAssociatmembe senior sff* 

Nlienbro asociado (lei senior staff
 

Catalino I. Flores, Ph.D.,
 
Plant Breeder, Head 

Fitomejorador, Jefe 


Lynn Gourley, Ph.D., 


Plant Breeder, Head 

Fitomejorador, Jefe 


CIP Regional Representation 

Rcprcscnttacion Regional ce CI P 


Associate members senior staff 
,!itml)ros asowiados (lel senior staff 
Oscar Malamud, Ph.D., 

Liaison Officer, Head (stationed in BogotA, 
Colombia) 

Funcionario de Enlace, Jefe (con sede en 
Bogot, Colombia) 

Jan Henfling, Ph.D., 
Liaison Officer (stationed in Medellin, 
Colombia) 


Funcionario de Enlace (con sede en 

Medellin, Colombia) 


IBPGR Regional 
Representation 

dcl (I U1 

Associate member senior staff 
Miembro asociado idsenior staff( 
Miguel Holle, Ph.D., 

IBPGR Regional Representative for Latin 
America 
Representante Regional del CIRF para 
America Latina 

Finance and Administration
 
Fiiianzas v Administracion
 
Senior staff
 
Bernard Henrie, M.B.A.,
 

Director 

Andrew V. Urquhart, F.C.A., Director 

Administrative Systems and
 
Procedures
 

Sistcmas N Procediniicntos
 

AdfministratIViOS
 

General administrative services staff 

H6ctor Villalobos,
 
Ind. Eng., Head
 
Ing. Ind., Jefe
 

Controller's Office 

0 icin a del (ontra!or 

General administrative services staff 
Personal de serv'icios a(iifinistrativw, geicrles 
Alejandro Rebolledo, 

Com. Eng. and C.P.T., Controller 
Ingeniero Comercial y C.P.T., Contralor 

Ad ministration 

Admi in is rain 

Senior staff 
Jestis Antonio Cu6l1ar, M.B.A., 

Executive Officer 
Administiador Ejecutivo 

General administrative services staff 
Personal de servicios aicIminisrativos generales 

Harold Dominguez, Agr. Eng., 
Head, Station Operations 
Ing. Agr., Jefe, Operaciones de las 
Estaciones 

Jesls A. Vergara, Bus. Adm., 
Head, General Services (stationed in 
Carimagua) 
Adin. Empr., Jefe, Servicios Generales (con 
sede en Carimagua) 

Left during 1985. 

* s. ,li,(', cu 1985. 
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Food and Housing 

Alimentos y Vivienda 


General administrative services staff 
Personal de servicios &idninistrativos generales
David Evans, 

Head 

Jefe 


Human Resources 
Rccursos H1tUMi Os 

General administrative services staff 
Personal de servicios administralivos generales 
GermAn Vargas, M.B.A., 

Head 

Jefe 


Maintenance Services
 
Servicios de MNantcnimiento
 

General administrative services staff 
Personal de servicios admliinistrativos generales
Germdin Guti6rrez, 

Mech. Eng., Head 
Ing. Mec., Jefe 

Supplies 
S111l inistros 

General administrative services staff 
Personal (e servicios adminiistraltivos generales 
Luis Antonio Osorio, 

Ind. Eng., Head
 
Ing. Ind., Jefe
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The CGIAR System 

El Sistema CGIAR 

- ....... ['-ICARDA /
 

u m I. / .WA R! RA 1)DA / _I( 

'//t / 

II__ ___ ____ 

The Consultative Group on International 
Agricultural Research (CGIAR) was formed 
in 1971. The CGIAR is an association of 
countries, international and regional organiza- 1El (irupo Consultivo para la ilnvestigaci6n 
tions, and private foundations dedicated to Agricola Internacional (CG IAR) se formo cn 
supporting a system of agricultural research 1971. Isla asocijcitin ce paiscs, organ.izacioncs 

centers and programs around the world. There intcrnacionales y regionales, y fundacioncs 
are currently 13 of them: nine research centers privadas cstfi dCdicada a apoyar 1n sistenia de 
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and four associated organizations which pro-
vide research support. The purpose of the 
research effort is to improve the quantity and 
quality of food production in developing coun-
tries. 

The World Bank, the Food and Agriculture 
Organization of the United Nations (FAO), 
and the United Nations Development Pro-
gramme (UN )P) are cosponsors of the effort. 
The World Bank provides the CGIAR's chair-
man ind secretariat. Ihe CGIAR is advised by 
a Technical Advisory Committee whose secre-
tariat is provided by the three cosponsors and 
located at FAO headquarters in Rome. 

In 1986, the CGIAR has 40 members, who 
contributed about US$180 million to support
th, system. 

The nine international agricultUral research 
centers and lou r associa ted orgI nizations lave 
tile following headquarters and research re-
sponsibilities: 

Africa 

"International Institute of Tropical Agricul-
ture (IITA), Ibadan, Nigeria: farming systems, maize, rice, roots and tubers (sweet 
potatoes, cassava, yams), and food legumes 
(cowpea, lima beans, soybean). 


" International Laboratory for 
Researeh on 
Animal I)iseases(ILRA)), Nairohi, Kenya: 
trypanosoniasis and theileriosis of cattle. 

" 	 International Livestock Center for Africa 

(ILCA), Addis Ababa, Ethiopia: livestock 

production systems. 


" West Africa Rice 
 )evelopment Association 
(WARI)A), Monrovia, Liberia: rice. 

A sia Asa( 
" 	International (rops Research Institute for 

the Semrii-Arid Tropics (ICRISAT), Hyde-
rabad, India: chickpea, pigconpea, pearl
millet, sorghumi, ground nut, and farming
systems. 

" 	 International Rice Research Institute 
(IRRI), Los Ba os, Philippines: rice. 

Europe and the United States 
* 	International Board for Plant Genetic Re-
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sources (IBPGR), Rome, Italy: plant v.-
rieties collection and information. 

* 	International Service for National Agricul-
tural Research (ISNAR), The Hague, The 
Netherlands: research support. 

* 	International Food Policy Research Insti-
tute (IFPRI), Washington, D.C., U.S.A.: 
analysis of world food problems. 

Latin America 
* 	Centro Internacional de Agricultura Tropi-

cal (CiAT), Cali, Colombia: cassava, field 
beans, rice and tropical pastures. 
International Center for Maize and Wheat 
Improvement (CIM MYT), El BatAn, Mexi-
co: maize and wheat. 
I* Potato Center (CIP), Lima,international 

Peru: potatoes. 


Middle East 
* 	International Center for Agricultural Re-

search in the Dry Areas (ICARDA), Aleppo, 
Syria: farming systems, cereals, food leg-
umes (broad bean, lentil, chickpea), and 
forage crops. 

. Centro Internacional de la Papa (CIl)), 
Lima, i er6: papa., 

Asia 

• 	 Instituto Internacional de Investigaci6n en 
Arroz (IRR I), Los lanos, Filipinas: arroz. 

0 Instituto Internacional de lnvestigaci6n en 
Cultivos para los Tr6picos Semi-Aridos 
(ICRISAT), Hyderabad, India: garbanzos,
guandul, miillo, sorgo, manl, sistemas de 
producci6n de cultivos. 

Estados Unidos y Europa 
.	 Instituto Internacional de Invcstigaci6n so

bre Politicas de Alimentos (IIlPRI), Wash
ington, D.C,, Estados Unidos: anglisis de 
los problemas de producci6n mundial de 
alinientos. 

- Consejo Internacional de Recursos Fito. 
gendticos (CI R F), Roma, Italia: colecci6n e 
informaci6n sobre variedades de plantas. 

• 	Servicio Intcrnacional de lnvcstigaci6n 
Agricola Nacional (ISNAR), La Haya, Io

ianda: apoyo a Ia invcstigaci6n,
 
Orinte Medio
 

Centro Internacional de lnvestigaci6n Agri
cola en Zonas Aridas (ICARDA), Aleppo, 
Siria: sistemas de producci6n de cultivos, 
cerealcs, lIcunilnosas comestibles (hahas, 
lentejas, garban/os), y cultivos forrajeros, 


