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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 ClAT—continually
demonstrates its soundness. It is the most effective wav 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 a pledge to continue to work to realize
the goals of international agricuitural research.

Sy, W Toeet

John L. Nickel William E. Tossell
Director General Chairman of the Board



A Nuestros Lectores

Nos complace dedicar ¢l Informe CIAT 1986 a dos grupos
importantes: a nuestros donantes por su apoyo al desarrollo
agricola internacional v a los programas nacionales de investi-
gacion porque ¢llos forman la red de investigacion que ejecuta
esta empresa global,

La idea de reunir los mejores cientificos en un centro de
mvestigacion de excelencia —como es ¢l CIAT— con-
tinuamente demuestra sus bondades. Es la forma mas cfectiva
de proveer una tecnologia solida. basada en germoplasma, a
los sistemas nacionales de Investigacion en paises en desarro-
Ho. Agradecemos la fe que nuestros donantes han depositado
en este compromiso.

Los programas nacionales con quicnes trabajamos v que
forman una red internacional de informacion »deactividades,
estan Hevando efectivamente la nueva tecnologia a agriculto-
res de tedo el mundo. Esta es ciertamente una coalicion
efectiva contra ¢l hambre —esa sombra perenne v perniciosa
que destruye v degrada la vida humana.,

Presentamos este informe como una confirmacion de nues-
(ro encargo v como nuestro propdsito de continuar tra bajando
para alcanzar las metas de la mvestigacion agricola inter-
nacional,

W Tt

John L. Nickel William L. Tossell
Director General Presidente Junta Directiva
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Decentralization

CIAT’s Bean Program collaborates with
national agricultural programs to increase the
prodiction and productivit, of beans. As new
varieties are developed at CIAT, the best
materials are sent to national research pro-
grams where the selection process is refined in
terms of specific needs. Ultimately the respec-
tive national programs release their selections
as new varieties to be commercially marketed.
This dynamic decentralization process is result-
ing in more research being based at the national
program level.
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Field day in Colombia

Dia de campo en Colombia

Descentralizacion

El Programa de Frijol del CIAT colabora
con programas agricolas nacionales para au-
mentar la produccion y la productividad del
frijol. A medida que aquél desarrolla nuevas
varicdades, enviia los mejores materiales a los
programas nacionales de investigacion. Estos
identifican aquellos apropiados para sus con-
diciones v necesidades 'y los liberan como
variedades que como tales entran al mercado.
A través de esta decentralizacion, mas v mas
investigacion esta lleviandose a cabo en los
programas nacionales,



The Bean Program’s training activities re-
flect its philosophy of decentralization. Begin-
ning more than a decade ago, national pro-
grams initially became acquainted with CIATs
training opportunities and lcarned 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 onc of the major ob-
Jectives of the Bean Progrim. This is done by
training master and doctorate level scientists to
become leaders in their national programs.
This strategy is enhancing the programs’
capabilities such that many countries now
develop and release their own new varieties of
beans.

Through this process, an international bean
research network has emerged. Today it in-
cludes 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 rescarchers around the world.

African bean vurieties

Variedades africanas de frijol

La capacitacion refleja la filosofia de descen-
tralizacion del Programa de Frijol. Hace mas
de una década los programas nacionales se
familiarizaron con las oportunidades de capa-
citacion ofrecidas por ¢l CIAT. Fn la actuali-
dad son numerosos los especialistas de pro-
gramas nacionales, tales como entomologos,
agronomos v fitomejoradores, que han reci-
bido capacitacion en el Centro.
Fortaleciendo los Programas
Nacionales

Eltortalecimiento dela capacidad de investi-
gacionen los programas nacionales es un obje-
tivo basico del Programa de Frijol. Estoscesta
haciendo por medio de I capacitacion de cien-
tificos con maestrias o doctorados para que
asuman el liderazgo de los programas naciona-
les. Con estz estrategia son ya numerosos 10s
programas nacionaies que desarrollan vy libe-
ran sus propias variedades nuevas de frijoles.

A través de este proceso, se ha consolidado
una red internacional de investigacion que
involucra a cientos de investigadores, progra-
mas, ¢ instituciones en los distintos continen-
tes. Ista red refleja la capacidad de evolucion
del programa en respucesta a las necesidades de
los investigadores de frijol de todo el mundo.




Bean Germnlasm Evaluation

New Sources of Disease Resistance Found

Evaluacién 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. Itis, therefore, of utmost
importance that bean rescarchers 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, over 30,000 accessions are of
the cultivated common bean, Phaseolus vul-
garis, of which more than 50% have been
through quarantine, have had their sced
increased and are now available for rescarch.

The Search for Key Traits

Sclective collection expeditions are conduct-
ed to add to the collection and to preserve
germplasm from extinction, The CIAT Genetic
Resources Unit (GRU) in collaboration with
the International Board for Plant Genetic
Resources (IRPGR) organized five collection
cxpeditions during 1985, adding ncarly 90¢
accessions to the bank.
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Ladisponibilidad de germoplasma con varia-
cion genética 0l es la base del éxito en el
mejoramicnto agricola, y lo es también para
los investigadores de frijol del CIAT y del
mundo entero.

EL CIAT mantiene ¢l mayor banco de ger-
moplasma de frijol del mundo, con mas de
35,000 accestones, De éstas, mas de 30,000 son
del fryol comn, Phaseolus vulparts, de las
cuales un poco mas del 507 va ha pasado la
cuarentena, susceritla hasido multiplicada y se
encuciitra dispomble para b mvestipacion,

l.a Busqueda de Rasgos Claves

Por medio de expediciones selectivas de
recoleccton se aumenta la coleccion v se pre-
viene b extineton del permoplasma. Con este
proposite fa Unidad de Recursos Gendticos
tURGH del CIAT, en colaboracion con o
Consejo Internacionat de Recuisos Fitogené-
teos (PTRPGR en ingléa), organizo cinco expe-
diciones este abo. vy oanadid cerca de 900

accestones al banco,



Scientists evaluate heans
Cientificos evaluan — fryoles

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, the
accessions are evaluated for their key traits in
batches of approximately 2000, every [2to I5
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
discases. 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 o screen each accession for a
wide range of factors, including anthracnose,
angular leaf spot, common blight and rust,
drought, - limate and soil factors, and to iden-
tify accessions for sarly or late maturity, small
orlong pods, and foliage types, among others,
It may take four to five years to complete the
evaluation process.

La URG también hace la caracterizacién
basica de cada accesién en tanto que laevalua-
cidn por rasgos agronémicos y reaccion a
importantes enfermedades ¢ insectos plaga las
hace el Programa de Frijol. Generalmente, las
accesiones son evaluadas por sus rasgos claves
engrupos de 2000 o mis, en periodosde 124 15
meses. Cada cinco v seis afos todas las acce-
stones acumuladas son evalaadas bajo manejo
uniforme en vivero. Las evaluaciones empeza-
ron con 10.000 accesiones en 1978, cuando se
identificaron 165 fuentes de resistencia a la
antracnosis. Hasta entonees los investigadores
dependian casi exclusivamente de una sola
fuente.

En 1985 una segunda evaluacion de 16,500
aceesiones busca preseleccionar porvarios fac-
tores, incluyendo antracnosis, mancha angu-
Far, bacteriosis comun y rovi, sequia, fuctores
climiticos y edificos, ¢ identificar madures
precoz o tardia, vainas pequeiias o grandes,
tipos de follaje. ete. Completar esta evaluacion
podri tomar cuatro o cinco afios.



Comparing beans for aduptation

Diferencius en ad.iptaci 'n

Ten Thousand Accessions in One
Hectare

The screening of bank accessions is done at
all three CIAT experimental farms: Quilichao
for cominon 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.
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Diez Mil Accesiones en Una
Hectarea

La preseleccion de las accesiones del banco
se hace en las tres estaciones experimentales del
CIAT: Quilichao para bacteriosis comun,
mancha angular y bajo nivel de fosforo en el
suelo; Popayan para antracr. sis y Palmira
para roya, sequia y rasgos morfologicos. Para
la preseleccion se sembraron de 4 a 8 semillas
de cada accesion en monticulos a 1 :n de dis-
tancia, o sea, 10,000 accesiones en solo una
hectarea, 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 preseleccion en
monticulos. Solamente éstas pasan a la segun-
da etapa de preseleccion en 1986 en siembras
de una hilera. Las accesiones promisorias
serdn evaluadas en pruebas replicadas para
cada rasgo deseable y las mejores serdn even-
tualmente candidatas para los viveros interna-
cionales.

La evaluacion 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.



Bean Golden Mosaic Disease

A New Culprit Surfaces

Mosaico Dorado del Frijol

Aparece un Nuevo Delincuente

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,

ClAT, in cooperation with natjonal 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 BGMYV-
tolerant lines called ‘dorado’.

The BGMYV 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
BGMYV are still being used. The problem is
further aggravated by the higher discase pres-
sure that is prevalent in these countries, where
even the black-seeded BGM V-tolerant lines
have their yields considerably reduced,

El mosaico dorado del frijol es una enferme-
dad coman y costosa en América Latina. Al
afectar las hojas, vainas v semillas, la enferme-
dad blanquea, destroza y deforma la planta y
causa frecuentemente la pérdida total de la
cosecha. La mosca blanca Bemusia tabaci trans-
mite ¢l virus causante,

El CIAT, ¢n cooperacidn con cientificos de
programas nacionales dentro del Proyecto
Centroamericano de Frijol, ha ayudado a de-
sarrollar varias lineas de color negro tolerantes
al Virus del Mosaico Dorado (BGMYV, en
inglés). Estas han tenido éxito en Guatemala,
la costa del Golfo de México Y Argentina,
Desde 1979, cuando estas lineas tolerantes fue-
ronliberadas comercialmente, aumentaron sus-
tancialmente los rendimicntos en esas regio-
nes. In reconocimiento, el CGIAR otorgd al
CEAT el premio Rey Baudouin porsupapelen
el desarrollo de las lincas de frijol negro tole-
rantes al BGMV_ llamadas ‘doradas’,

El problema del BGM V.sin cmbargo, no se
ha resuelto completamente Y ocontimia pre-
sente, por cjemplo en Brasil v oen Republica
Dominicana, paises que cultivan principal-
mente frijoles de otros colores sin ¢l nivel de
tolerancia de las variedades de color negro, El
problema se complica mas con I nayor pre-
s1on de las entermedades en esos paises, donde
incluso el rendimicuto de las lineas tolerantes
de grano negro ha disminuido considera-
blemes te,


http:areas.In

Resistant to What?

Puzzled by the problem, CIAT scientists
reanalyzed the two nuajor factors known to
cause bean ;olden mosaic epidemics: the virus
and the insect vector. Three questions arose:
What is the nature of the bean’s tolerance to
the disease? Is it a resistance to the virus, or to
the whitefly that spreads it? Is it possible to
broaden the narrow base of the tolerance that
has been observed? The variable reaction to the
diseasc found in the dorado lines, even in the
region where they were originally identified as
tolerant, suggested that insect resistance may
be the genetic characteristic that protects the
plant. In areas where the whitefly-vector pop-
ulation is great, the tolerance is overcome and
plants succumb.
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Bean golden mosaic disease
La enfermedad del mosaico dorado

Resistencia a Qué?

Intrigados, los cientificos del CIAT analiza-
ron de¢ nuevo los dos factores reconocidos
como causantes de las epidemias de mosaico
dorado del frijol: ¢l virus y ¢l insecto vector.
Surgieron tres preguntas: Cudles la naturaleza
de la tolerancia del frijol a la enfermedad? Es
una ressistencia al virus, o a la mosca blanca
que lo esparce? Es posible ampliar la estrecha
basc ¢e la tolerancia que se ha observado hasta
al.ora? La variable reaccion de las lincas
goradas a laenfermedad, inclusive en la locali-
d2d donde fueron identificadas originalmente
come tolerantes, sugicre que la resistencia al
insecto podriaser la caracteristica genética que
protege a las plantas. Alli donde la poblacion
de veetores es grande, latolerancia es venciday
las plantas sucumben.



To test the hypothesis, the Bean Program
has iaunched an intensive investigation into
the mechanism influencing BGM V-tolerance.
As apreliminary 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 of BGM V-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 beccome new sources of BGMYV resist-
ance, which wiii broaden the genetic base of the
golden mosaic project.

The discovery of new sources of genetic
resistance to BGMYV in non-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.

The whitefly Bemisia tabaci

La mosca blunca Bensta tubaci

Para probar la hipétesis, el Programa de
Frijol ha lanzado una investigacién intensiva
sobre los mecanismos que influyen sobre la
tolerancia al BGMYV. Como paso preliminar,
se hizo un andlisis del ‘pedigree’ de las lineas
doradas, asi como sobre los genotipos que tie-
nen algin grado de tolerancia al virus. Esto
permitié 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 la existencia de
mecanismos de resistencia previamente desco-
nocidos, los cuales seguirdn siendo ensayados
enelcampoen 1986. Se espera que estos geno-
tipos se conviertan en nuevas fuentes de resis-
tencia al BGMYV, lo cual ampliara la base gené-
tica del proyecto de mosaico dorado.

El descubrimiento de nuevas fuentes de
resistencia genética al BGMV en variedades de
frijol de color diferente al negro es alentador y
en ultima instancia debera beneficiar a inuchos
pequerios agricultores en Aniérica Latina, par-
ticularmente en Brasil, Republica Dominicana,
y otros paises del Caribe.



The Bean Program in Africa

Bolstering National Research

El Programa de Frijol en Africa

En Apoyo a la Investigacion 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 systerns. 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 eatenin a
similar mixture, and most farmers have their
own preferred mixture.
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El proyecto del CIAT financiado por Suiza
en Africa Central - el proyecto de los Grandes
Lagos - estdfortaleciendo la capacidad nacio-
nal de investigacion e instigando la coopera-
cidon entre los paises. En asocio con tres institu-
ciones agricolas nacionales en Burundi, Ruan-
da v Zaire, ¢l proyecto esta desarrollando
mievas teenologias para aumentar la produc-
cion de frijol en la region.

Eldreaes significativa por varias razones: es
la parte mas densamente poblada de Africa 'y
su poblacion crece a un ritmo anual del 3.7%,
uno de los rads altos del mundo. La densidad
de poblacion conlleva a fincas pequeiias cuyo
tamafio en promedio es de una hectirea. La
region también tiene ¢l mayor indice de con-
sumo de frijol en el mundo: cerea de 50 kg por
persona al afio. Los frijoles son el alinrento mas
importante en la dieta y proporcionan un 25%
del consumo caldrico total y cerca de un 45%
de proteina.

La region se distingue por sus complicados
sistemas de cultivo. Los frijoles se cultivan
principalmente en asociacion con otros culti-
vos como el maiz, el banano y la batata. Casi
todos los frijoles se cultivan en mezclas de
variedades. No es raro que se siembren junios
10 a 15 tipos diferentes de frijoles y que se
coman de fa misma mancra.



On-Farm Trials and Training

This past year the project saw developments
inseveral 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-
trics 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 tefore. 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

Ensavos en finca en Ruanda

Ensayos en Finca y Capacitacion

En este afio, las investigaciones en fitomejo-
ramiento y patologia en las estaciones experi-
mentales se extendieron a los tres programas
nacionales. Una extensa red de investigacion
en fincas se estd formando en Ruanda en
cooperacion con proyectos locales de desarro-
llo y extension rurales,

También en Zaire y Ruanda se hacen ensa-
yos en finca para probar caracteristicas tales
como: aceptabilidad en las fincas, rendimiento
y resistencia a enfermedades ¢ insectos. Ciertos
frijoles arbustivos sometidos a prucbas cn
finca en Ruanda produjeron 309, mas que las
mezelas de los agricultores,

La capacitacion de los investigadores de
pregramas nacionales es un componente im-
portante del proyecto. En 1985, un cientifico
de Ruanda y otro de Burundi tuvieron cuatro
meses de capacitacion en ei CIAT, En este
centro, otros dos cientificos de Burundiy Zaire
asisticron a la Reunion de Trabajo de los
Ensavos Internacionales de Frijol ¢l afio ante-
rior. El proyecto también patrocind una visita
por parte de dos cientificos de Burundi a las
tres principales estaciones de investigacion del
Institute des Sciences Agronomiques du Rwan-
da (ISAR) para cvaluar el ensayo regional
avanzado de variedades y otros viveros.
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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
través de intercambios informales y especial-
mente durante los ensayos regionales avanza-
dos de variedades. En 1985 Zaire participd ¢en
¢llos por primera vez.

La multiplicacion de semillas tiene alta prio-
ridad cn ¢l proyecto. El mejoramiento de u
calidad ¢s importante tanto en Burundi como
en Ruanda v se esta obteniendo por medio del
uso de semillas seleccionadas, métodos fitosa-
nitarios y la siembra en suclos {értiles.

Los progresos y las perspectivas del Pro-
vectode los Grandes Lagos son alentadores, EJ
aumento en ¢l personal de los programas
nacionales y ¢l apoyo del CIAT estan contri-
buyendo efectivamente a preparar la region de
los Grandes Lagos para desarrollar program:.
clectivos de investigacion en frijol,

A good harvest in Rwanda
Una buena cosecha en Ruanda

15






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 la Aceptacion

In la region de los Grandes Lagos, una
nutricionista estd identificando las caracteris-
ticas culinarias importantes que se relacionan
con la variabilidad genética v que pueden afee-
Lar positivit o negativamente la aceptacion de
las variedades desarrolladas en la region, Los
[rijoles son T fuente corriente de proteinas de
la genter Cllos se preparan en promedio tres
veees porsemana v se recalientan para el con-
sumo diario,

La escases de lefa en las zonas altas en la
region de los Grandes Lagos ¢s resultado de la
clevada densidad de poblacion  1a mayor de
Africa. Fresta region el tiecmpo requerido para
cocinar frijoles parece influir en la seleccion de
riazas nativas por los productores-consumi-
dores. Eltiempo de coccion de un frijol deter-
mina, en gran parte, la cantidad de lefia que se
hacde usar. Esta relacion entre tiempo de coc-
cion v combustible ¢s 1o que hace que estas
Investigaciones sean tan importantes para el
mejoramiento del frijol.

Beans are eaten in mixtures in Africa

LLtriol se comume en mezclas en Africa
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Research For Jreeding

The analysis of quality can be used in
varietal development. Identification of the
quality characteristics that farmers and their
familics look for in a bean, used systematically
in varictal screening, greatly increases the
likelihood of producing an end product that
will be acceptable to farmers.

Researchers are very interested in learning
how cooking time and protein content are
influenced by such factors as varicty, scason
and location. To cvaluate this, ten varicties
were planted in Rwanda at three locations with
different altitudes, and in three growing sea-
sons. The scasonal effects were found to be
negligible, but locational effects caused sig-
nificant differences in cooking time and protein

18

Harvested beans in Rwanda
Cosecha de frijol en Ruanda

Caracteristicas v Preseleccion
Esteanalisis de calidad e utilizable en ¢l de-
sarrollo de variedades con las caracteristicas de
calidad que fos agrcuitores vsus familias bus-
carcen el briyol, Al usar estaintormacion siste-
maticamente en Ly preseleccton vanetal, au-
mentan las probabilidades de obtener un pro-
ducto tinal aceptable para los agncultores
osinvestigadores estin muy interesados en
L intlueacia de Gactores como vanedad, estae
c1on v oubicacion sob el nempo de cocaon y
contemdo de proteinas, Para venticarlo se
sembraron en Ruanda dies vaniedades e tres
ubtcaciones de diferentes alutudes voen tres
catactones de stiembreas Aungue tos electos de
s estactanes faeron msignificantes, se encon-
trevon signicativie diferencias entie Jas loca-
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Bean Adoption Study

New Varieties Benefit Producers and Consumers

Estudio de Adopcién de Frijol

Nuevas Variedades Bencelician a Productores y Consumidores

The adopticn 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’ = 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

20

A traves de sondeos en finca se registra la
adopeion de variedades mejoradas de frijol
para cerciorarse que si estan legando a los
productores, y tambicn para identificar pro-
blemas persistentes de produceion que requie-
ran mayor investigacion. Los estudios, reali-
zados en colaboracion con instituciones na-
clonales, nuestran gue numerosos agricultores
en Costa Rica, Argentina v Guatemaia estan
adoptando tas variedades mejoradas,

Sce Extiende 1a Adopcion

En Costa Ricacel frgoles un cultivo de fincas
pequenas, y a mayor parte de fa produccion
proviene de siembras en su mayoria en fincas
de mienos de dos hectareas, Aun asi, unsondeo
llevado a cabo en dos regiones que producen
mis de famitad del frijol del pais encontro que
en 1985, 5207 de los agricultores enltivaban las









temalan farmers, 85% of whose farms are less
than7 ha. The new varieties not only performed
well in bean monoculture, where farmer yields
rose some 309, 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. [he 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 coniinuing research under-
taken by national rescarch programs and
CIAT.

Agricolas (ICTA), también estan siendo cultj-
vadas comercialmente en Guatemala por 4000
agricultores, 85% de éllos con menos de siete
hectareas. Esto a pesar de la falta de un sistema
formal de distribucion de semilla. Las nuevas
variedades no solamente se desempeifian bien
en monocultivo, alcanzando rendimientos su-
periores en un 30%, sino también en los siste-
mas tradicionales de cultivo con maiz y sorgo.

Informacion de Retorno

Los estudios de adopeion proporcionan in-
formacion de retorno atil para las investiga-
ciones futuras. Por ¢jemplo, se encontré que
ademds del rendimiento, los agricultores apre-
cran la arquitectura erecta del frijol. En Gua-
temaia muchos cultivadores quieren varieda-
des precoces mientras que en Costa Rica se
identificaron como prioritarios los problemas
con la antracnosis por lo cual se estd investi-
gando mas esta enfermedad.

New varieties in Guatemala

Nuevas variedades en Guatemala
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Cassava is primarily cultivated as a rural
staple, but it is growing in importance as an
ingredientinanimal feed and is gaining greater
acceptanze in urban centers. About two-thirds
of the cassava produced worldwide is used for
human food, at least half of which is processed
into flour, meals, and starch. Capable of
thriving under periods of prolonged drought,
and able to grow in poor soil, cassava is being
increasingly recognized as an economical,
carbohydrate food source for the world.

Cassava is a hardy subsistence food that has
deservedly earned its reputation as a ‘famine
reserve crop’. It is a crop to be planted in case
other crops fail. The plant has long been
considered as an important crop because dur-
ing drought, when most other crops are with-
ered or dead, cassava continues living and
providing nutrition.

Many Uses

The Cassava Program aims to expand cas-
sava's role as a traditional rural staple to a
major, multi-use source of food for humans
and animals. However, increasing production
of the crop is only part of the process. It has
been found that cassava production technology
must be linked to processing and marketing.
24

lLa yuca se cultiva principalmente como un
alimento rural, pero su importancia como
ingrediente en los concentrados para ammales,
y ¢l interés por facilitar su consumo en los

centros urbanos estan creciendo. Enef mundo,
cercat de dos tercios de la yuea que se produce:
es paria consumo humano, en buena parte ¢en
forma de harinas y almmdon. Pudiendo sobre-
Viviry prosperar en periodos de sequia prolon-
gada y en los suelos mas pobres, la yuca ¢s
reconocida como fuente econdémica de carbo-
hidratos para ¢l mundo.

La yuca es un magnifico cultivo de subsis-
tencia, que, como tal, ha ganado la reputacion
de ‘reserva para las hambrunas’. Es un cultivo
que se siembra donde otros fracasan. La yuca
siempre ha sido un recurso importante debido
a que durante las sequias, cuando la mayoria
de fos otros cultivos se marchitan o mueren, la
yuca sobrevive y proporciona alimento.

Muchos Usos

El Programa de¢ Yuca busca impulsar a la
yuca de la posicion de alimento rural tradicio-
nal a la de fuente importante y versatil de car-
bohidratos para seres humanos y animales. Sin
embargo, ¢l aumerto de su produccion es sélo
parie dei proceso: la teecnologia de produccion
defa yuca debe estar ligada al procesamientoy
al mercado.



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 ar CIAT

Pesando lu cosecha de vuen en ol ClAT

La tecnologia de produccién del CIAT se
enfoca ! desarrollo de variedades de yuca
“apaces de producir rendimientos aceptables
incluso en condiciones marginales, con pocos
agroquimicos y sin riego. Las variedades tole-
rantes a enfermedades, sequia ¢ inscctos, pro-
ducto de las investigaciones del CIAT vdelos
programas nacionales, ya estin empezando a
cultivarse en todo el mundo.

Investigaciones recientes han resuelto inclu-
so el problema de cdmo controlar el deterioro
de la yuea fresca. Sus raices son sumergidas en
un fungicida ccondémico, comunmente em-
pleadocnla papayel banano, y se cmpacanen
bolsas pldsticas. Este tratamiento mantiene
frescas lus raices pordos semanas, tiempo sufi-
ciente para llegar 2 los mercados urbanos sin
deterioratse. 1L.os consumidores 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 varicties, 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 relcased, accompanied by
management technology and expanded mar-
kets, the door is being opened to greater self-
sufficiency for many developing countries.
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Cassava is eaten by 700 million people

Setecientos millones de personas consumen yuca en el mundo

El Mercado Crece

Algunos estudios muestrau que el consumo
dc féculas normalmente disminuye a medida
que los ingresos scbrepasan un cierto nivel; sin
embargo, no hay evidencia de que el consumo
de yuca fresca disminuya en las dreas urbanas a
medida que aumentan los niveles de ingreso.
Con los mejores métodos de almacenamiento y
el aumento de la produccion de variedades
mejoradas, se espera que la demanda en los
mercados urbanos también aumente.

El uso de la yuca para la alimentacion ani-
mal también est4 aumentando, especialmente
en las industrias de cerdos y a 'es. En lugar de
cereales importados, como maiz o sorgo, varios
paises de América Latina y Asia estAn empe-
zando a usar la yuca producida localmente.
Esto podria contribuir a reducir la dependen-
cia de importaciones y aliviar la presién sobre
sus balanzas de pagos.

Se estd reconociendo el potencial de este
cultivo largamente ignurado. Su papel como
fuente de calorias y recurso para cl desarrollo
social estd aumentando en América Latina. A
medida que se liberan més variedades, junto
consu tecnologia de manejo, y se expanden los
mercados, se abre el camino a la autosuficien-
cia alimentaria en muchos paiszs en desarrollo.
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New Developments in Cassava Germplasm

Exchange
Speeding Up the Process

Avances en el Intercambio de Germoplasma

de Yuca

Acelerando el Proceso

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 se pests and pathogens all
originated in the Americas (in genetic material
exchanges that did not involve CIAT). These
are among the nuimerous 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,

Dos plagas, el dcaro verde y el piojo hari-
noso, causaron un dafio avaluado en dos mil
millones de ddlares a la cosecha de yuca afri-
cana el afio pasado. En algunas areas, las pér-
didas fueron tan grandes que los agricultores
comenzaron & abandonar el cultivo definiti-
vamente, a pesar de ser un recurso contra la
hambruna. El afiublo bacterial tzmbién esta
produciendo severas pérdidas en cultivos afri-
canos. Estas plagas y enfermedad se introduje-
ron de las Américas en intercambios ajenos al
CIAT. Como éste, hay numerosos ejemplos de
introduccién accidental de plagas o patdgenos
¢x0ticos con consccuencias catastroficas.

Junto con los beneficios potenciales del
intercambio de materiales genéticos estan los
riesgos de transferir también patdgenos y pla-
gas exoticos. Los cientificos del CIAT, con-
cientes de estos peligros, estdn desarrollando
medidas sanitarias que minimicen tzles ries-
gos.
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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.

Animportant 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 sceds 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 Lielp to provide more food in areas of the
world where the nced is steadily growing.
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Uno de los métodos mas promisorios es el de
erradicar, en lugar de detectar, los patégenos.
En las semillas botanicas de yuca se utilizan
microondas para destruir los patégenos fungo-
sos y bacterianos, método superior al agua
caliente y al calor seco que se usaban previa-
mente.

Laevidencia demuestra que la mejor manera
de protegerse contra la difusion de patogenos
de la semilla empicza recolectando frutos tri-
capsulares maduros (que conticnen la semilla
de yuca) de plantas sanas y secandolos antes de
remover las semillas. Estas se colocan después
en agua; aquellas que flotan indican posibles
enfermedades y son descartadas. Luego, se
colocan en agua en grupos de aproximada-
mente 100 y se someten a microondas de 1400
vatios por 120 scgundos; despucs se espolvo-
rcan con Arasan (bisulfato de tetrametil-
tiuran) y se¢ empacan en bolsas estériles de
papel.

También s¢ ha avanzado c¢n métodos dc
deteceion de virus para la indizacion de yuca.
Productos virales con ARN de doble hebra
altamente especificos estdan siendo detectados
con técnicas electroforéticas. El aislamiento y
analisis de este acido nucleico permite detectar
virus de la yuca sin necesidad de usar anti-
suero. Esta téenica, en combinacion con otros
métodos como la injertacion y la prucba
ELISA, proporciona un procedimiento con-
fiable y sensible para la deteccion de virus.

Estos avances estin ayudando a aumentar la
cantidad de material vegetativo y sexual de
yuca para intercambio sin riesgos entre conti-
nentes y paises, lo cual acelerard el desarrolio
de hibridos mejorados de yuca en dreas con
necesidades alimenticias crecientes.



Cassava

A Famine Reserve Crop

The discovery by CIAT scientists that cas-
sava is uniquely able to survive drought,
combined with their understanding of the
physiology of the survival process is making
the identification of superior, drought-tolerant
varieties easier. This knowledge is helping
breeders select plants that not only survive but
could also be highly productive in areas
susceptible to drought and limited rainfall,
such as regions of Africa and northeastern
Brazil,

Sensitive Stomata

Cassava’s special ability to withstand water-
related conditions has been traced to its stoma-
ta—the microscopic openings in the epidermis
through which the plant exchanges atmospher-
ic gasses and water vapor, In most plants the
stomata open during the daytime, when tran-
spiration occurs: CO, is taken in and water
vapor is emitted. The carbon dioxide is con-
verted into sugars using the sun’s energy which
is captured by the Icaves. The process is called
photosynthesis.

Most plants open their stomata when there is
suffficient water in the soil. If the water supply
radically diminishes, most plants eventually
close their stomata to reduce water loss, During

Yuca

Reserva para las Hambrunas

El descubrimiento por parte de los cientifi-
cosdel CIAT de la propiedad que tiene Ia yuca
desobrevivir alasequia, y la comprensionde la
fisiologia de su supervivencia facilitan la iden-
tificacion de variedades superiores tolerantes a
lasequia. Estos conocimientos estan ayudando
alos fitomejoradores a seleccionar plantas que
no solamente sobreviven sino que podrian ser
altamente productivas en dreas con precipita-
ciones bajas e inciertas, tales como las de
Africa y el nordeste de Brasil,

Estomas Sensibles

Lacapacidad especial de la yuca parasopor-
tar el estrés por agua ha sido asociada con sus
cstomas, unas aberturas microscépicas en la
epidermis a través de las cuales las plantas
intercambian gases vy vapor de agua con la
atmosfera. En la mayoria de las plantas los
cstomas se abren durante el dia para transpi-
rar: absorben CO, v emiten vapor de agua. El
bioxido de carbono se convierte en azticares
utilizando la energia del sol, un proceso cono-
cido como fotosintesis.

La mayoria de las plantas abren sus estomas
cuando hay suficiente agua en el suclo: si ésta
disminuye radicalmente, eventualmente cie-
rran sus estomas para reducir la pérdida de
agua. Durante periodos secos largos, cuando
escasca la humedad del suclo, las plantas mue-
ren amenos que tengan un sistema especial de
defensa. El cactoy la pifa, por cjemplo, alma-
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long dry periods, when soil water is depleted,
plants die unless they have special defense
systems, Cacti and pinnecapples, 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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cenan didxido de carbono en forma de dcidos
organicos durante la noche y al dia siguiente
los convierten enazacares con la ayuda del sol,
iste proceso usa muy poca agua, pero la pro-
ductividad ¢s muy baja.

Los estomas de la yuea son mas sensibles a
cambios directos en ta humedad del aire que
los de otras especies alimenticias. En lugar de
mantencerlos abiertos hasta que se acabe ¢l
agua del suclo, fos clerra tan pronto siente una
disminucion enlahumedad detaire, Estareac-
cion para conservar agua permite i la yuca
sobrevivir las sequias: pero el proceso también
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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
of photosynthesis are diverted to the roots. So,
even though total growth is drastically reduced,
root growth remains stable.

Research Benefits Farmers

How does this research help increase food
supply and guarantee stability? By enabling
farmers to take advantage of the crops’ survival
characteristics. The cassava plant is more
sensitive to air humidity than to the amount of
soil water. In the dry season, cassava can be
intercropped with crops such as maize. The
result of this intercrop system is a beneficial
increase in the air humidity. Even using trees in
alley cropping could have the same positive
effect. In the long run, plant survival knowl-
edge can be used by breeders to develop higher
yielding varieties that possess the hardiness of
some of the widely grown local varieties.

This knowledge can provide a more stable
staple for the 700 million regular cassava
consumers. It suggests that by taking suitable
germplasm todrier regions, cassava cultivation
can be expanded into those parts of the tropics
where uncertain rainfall causes tragic periodic
famines. It is, after all, almost axiomatic that
where there is cassava, there is no famine,
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Cassava stomata
Estomas de yuca

La Investigacién Beneficia a
los Agricultores

Cémo ayuda esta investigacién a aumentar
la oferta de alimentos y garantizar su cstabili-
dad? Permitiéndoles a los agricultores benefi-
ciarse de la capacidad de supervivencia del cul-
tivo. La planta de yuca es més sensible a la
humedad del aire que a la del suelo. Durante la
estacion seca la yuca puede intercalarse con
cultivos como el maiz, lo que aumenta la
humedad del aire. Incluso los arboles en culti-
vos en franjas tendrian el mismo efecto posi-
tivo. A largo plazo, los conocimientos sabre
cémo la planta sobrevive podrian emplearse
por los fitomejoradores para desarrollar varie-
dades de mayor rendimiento y con la rustici-
dad de algunas de las variedades locales amplia-
mente cultivadas.

Estos conocimientos pueden proporcionar
un producto alimenticio mas cstable para los
700 millones de personas que lo consumen
rcgularmente. Con un germoplasma adecuado
s¢ puede ampliar el cultivo de yuca en las zonas
secas de los trépicos donde un régimen incierto
de lluvias causa periédicas hambrunas. Es casi
un axioma que donde hay yr~~ no hay ham-
brunas.



Cassava Drying Plants

Thousands Benefit from the Technology

Plantas de Secado de Yuca

Miles se Benefician con la Tecnologia

Large numbers of small-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
rootsare 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 inthe region since 1980. The processing
and social technologies were first tested in a
pilot plant in 1981, 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.

Gran niimero de pequefios agricultores en la
costa norte de Colombia se han beneficiado
con una prospera operacion 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 originé
en Tailandia y Malaysia. Alli pican las raices
con una sencilla maquina y las secan al sol
sobre un piso de cemento para uso posterioren
la alimentacion animal. El CIAT modificé las
picadoras y estudio6 los aportes eco1émicos y
sociales de la tecnologia para Amér.ca Latina.
El DRI contribuyé con la organizacién de las
asociaciones de cultivadores para el secado de
yuca. La Agencia Canadiense para el Desarro-
llo Internacional (ACDI) aporté los fondos
iniciales para ¢l programa.

Las tres organizaciones han promovido el
secado de yuca en la region desde 1980. Las
tecnologias se ensayaron primero en 1981 en
una planta piloto. Desde entonces el nimero
de plantas se ha duplicado. En 1985, 20 plantas
produjeron 3000 toneladas de yuca seca y otras
18 fucron construidas para la estacion de siem-
bra de 1985-86. Cada planta es operada por
una asociacion o cooperativa de pequefios
agricultores sin (uc hasta el momento haya
fracasado ningunia.
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Friends and Family Make it Worfc

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 can 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
km, ortwo hourtravel tinite on cassava-loaded
burrcs. When the farm-to-plant distance is
within this radius, friends, relatives, and small-
scale farmers prcdominate, and they sell di-
rectly to the plant.

On the basis of this experience, CIAT scien-
tists are assisting other nationz! programs not
only with technology but aiso 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 smali-scale
farmers.
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Bagging dried cassava on Colombia's North Coast
Empacando yuca picada en la costa norte colombiana

Los Amigos y la Familia Participan

Los andlisis sociales y econémicos muestran
como las plantas han canalizado los bencficios
hacia los pequefios agricultores. Una clave ha
sido mantener pequeiias las plantas, para que
puedan ser administradas y trabajadas por los
socios, sus familiares y amigos. F143 por ciento
de los socios ticnen dos o mas familiares entre
los otros socios.

L.os programas nacionales v los cientificos
del CIAT estan trabajando no s6lo con una
tecnologia sino con un modclo de coro lle-
varla a las personas que se quiere beneficiar.
En ecste caso, un programa de desarrollo pro-
porcion6 el puentc entre las investigaciones y
un gran nimero de pequeiios agricultores,



Crotalaria

A Plant More Effective than Pesticides

Crotaiaria

Una Planta més Ffectiva que los Plaguicidas

Cassava is attacked by many insects and
mites, 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,
Cyrtomenus 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 dcaros que en su mayoria atacan sus hojas
y tallos pero no devoran su parte comestible, la
raiz,

Sin embargo, un insecto subterrdneo, la
chinche Cyrtomenus bergi, que ataca las raices
de la yuca, est4 causando graves pérdidas en
varias regiones de América Latina y amenaza
con esparcirse mas ampliamente. El insecto no
solo afecta la yuca sino que también se ha
encontrado en mani, cebolla, papa, café, maiz
y pastos. El CIAT, junto con cientificos de
programas nacionales, estd buscando formas
boténicas de controlar la plaga,
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Cyrtomenus bergi-damaged cassava root
R damada por Cyitomenus berga

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, resulting 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.
40

Dano Costoso

Las nintas v los adultos del insecto se ali-
mentan de L parte cinosade laraizde la vuea
myvectando sus tuertes vodelgados estiletes a
tean e de facascarin Bsto des permite o micro-
otganisioos del saclo entrio o la raiz vy pudrir
parte de ella, pudricion que puede esparcirse a
traves de dos tepdos de L ridz, itindeccion que
aparcer 2 wod horas despuds de la penetracion
delestilete, parece una viructa de color pahido a
cidé oseuro, de medio centimetro de tamarno.



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,

Las raices dafadas son comercialmente ina-
ceptables para el mercado de yuca fresca y
frecuentemente tambicn paralos mercados de
conecentrados pira animales. Puesto que el
dano no puede ser detectado por intermedia-
rlos gue comprian la vuca en PIC O por Cimio-
nados, rasta despuds de que Bas rices se LoNe-
chin v pelan, una evidencia de un 20-300 de
ratces intestaduas puede resaltar en el rechiazo
deltotal FIdano puede afectan o mas del o0y
doe Lo radees, To que en terminos comercrles
cquivale a una pérdida del TOO; i estas con-
diciones ni sigeiera se cosechan Lis plitntis.

ED Targo ciclo de vida del inecto Yy s
capacidad de supervivencny v reproduccion lo
hacen un fornidable cnemigo de la vuca, el
cuil requicre medidas ccondmicas y efectivas
de control.

Cyrtomenus bergi attacks root
Cyrtomenus bergi arae la rai




Means of Control

Using chemical pesticides is ot only costly,
it also destroys many natural enemies of cas-
sava pests. In addition, chemical control is not
always cffective, especially where the concen-
tration of pests is high.

CIAT scientists have turned to botanical
control as a possible solution. Results show
that when cassava is intercropped with a
legume, crotalaria, C. bergi damage can be
significantly reduced. Intercropping with cro-
talaria is considerably more effective than
using pesticides. How the process works is not
fully understood, although it is suspected that
crotalaria roots give off a chemical that is
detrimental to the insect’s life cycle. Due to the
plant’s insecticidal characteristcs, rcot damage
can be reduced to less than 4%. Crotalaria,
acting as a green manure, also benefits in
replenishing soil nutrients.

Intercropping with crotalaria, however, does
reduce cassava yield under disease-free con-
ditions, by approximately 22% due to plant
competition. While this is an acceptable yield
loss when compared to the more than 60%
damage (and complete crop loss) to cassava
affected by C. bergi, scientists believe that the
cassava-crotalaria association can be manipu-
lated so that there is no reduction in cassava
yield. Crotalaria benefits the plant by en-
hancing soil nutrition, but CIAT scientists are
also looking at other crops that are of higher
cominercial value and that will also reduce C.
bergi damage when intercropped with cassava.
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Crotalaria

Crotalaria

Formas de Control

El uso de plaguicidas quimicos es costoso y
destruye muchos enemigos naturales de las
plagas de la yuca. Ademas, el control quimico
no siempre c¢s cfectivo, especialmente cuando
la concentracién de plagas es alta,

Los cientificos del "IAT recurrieron al con-
trol botdnico como una posible solucién. Los
resultados muestran que cuando se siembra la
yuca intercalada con la leguminosa crotalaria,
cldano de C. bergi puede reducirse significati-
vamente. Debido a las caracteristicas insectici-
das de la planta, se puede reducir el dafio a las
raiccs hasta menos de un 49%,. El intercala-
micnto con crotalaria es considerablemente
mas efectivo que el uso de plaguicidas. Aunque
no se sabe muy bien cémo funciona el proceso,
se sospecha que las raices de crotalaria despi-
den una sustancia nociva para ¢l ciclo vital del
insecto. También la crotalaria actda como
abono verde y restituye nutrimentos del suelo,

Este procedimicento, sinembargo, reduce los
rendimientos de la yuca en condiciones de
salubridad en un 229, debido ala competencia,
Esta pérdida monetaria es aceptable en com-
paracion con un daio de mas del 60% (y la
pérdidatotal) del cultivo afectado por C. bergi.

Los cientificos creen que fa asociacion yuca-
crotalaria podria ser manipulada para que no
se reduzean tanto los rendimientos de fa yuca,
y aunque la crotalaria enriquece ¢l suclo, estin
buscando otros cultivos de mayor valor co-
mercial que se puedan intercalar con la yucay
que tambien puedan reducir el dafio de C.
bergi.



Mycorrhiza

A Root Fungus Shows Promise

Scientists have found that certain fungi that
attach 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 clements 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 ciop production
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

.03 cientificos han encontrado que ciertos
hongos que 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 asociaci6én simbidtica con las célu-
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 pueden ser
especialmente beneficiosas en América tropi-
cal, donde los principales limitantes quimicos
del suelo son las deficiencias de fésforo, nitré-
geno, y potasio. En lasextensas sabanas y bos-
ques de América tropical con suelos dcidos yde
baja fertilidad, las infraestructuras viales son
muy pobres, lo cual limita la provisién de
insumos. En la region andina, la mayoria de los
suclos marginales son cultivados por pequefios
agricultores que no pueden comprar cal o
fertilizantes.

El manejo de tas micorrizas, por lo tanto, es
una tecnologia biologica apropiada para quien
cultiva tierras marginales. Las investigaciones
del CIAF estan mostrando que los hongos de
micorrizas nativas beneficiun a muchos culti-
vos. De hecho, sin éllas la yuca y las pasturas
no producirfan nada en suelos 4cidos ¢ inférti-
les, y los frijoles rendirian muy poco.
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El Programa de Arroz”

jcando con-los Programas Nacionales

2418

CIAT's Rice Program hopes to play a signifi-
cant role in assisting national programs direct
their efforts and resources in order to avoid
future rice deficits. It is estimated that if rice
demand in Latin Anierica continues to grow at
the annual rate of about 3.5%, as it has over the
last 20 years, production will have to increase
by 709 in the year 2000 to satisty this demand.

The Rice Program focuses its interests on the
Western Hemisphere, more specifically Mexi-
co, Central Ametica, the Caribbean and South
America. Itcollaborates closely with the Inter-
national Rice Rescarch Institute (IRRI) in
global rice rescarch and with the International
Institute for Tropical Agriculture (IITA) in
arcas of mutual interest. Research on major
regional constraints is encouraged through an
active network of rice specialists cooperating
with the International Rice Testing Program
(IRTP).

Program Strategy

The Rice Program, when compared to other
CIAT programs, is small. It is, however, a
program with extensive international experi-
cnee ana a sound knowledge of regional rice
production programs. This combination gives
the Program credibility with national research
programs, enabling it to work closely with
them.
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El Programa de¢ Arroz del CIAT espera
poder colaborar significativamente con los
programas nacionales ¢n la orientacion de sus
esfuerzos y recursos para evitar déficits futuros
en la produccion de arroz. Si la demanda de
éste en América Latina contintia creciendo en
un 3.5Y% por afio, como en los ultimos 20 afos,
la produccion tendrd que incrementarse en un
70% en el afio 2000 para satisfacer tal demanda.

[} Programa de Arroz trabaja cn ¢l Hemis-
ferio Occidental, especificamente en México,
¢l Caribe, América Centraly Américadel Sur.
Colabora con ¢l International Rice Research
Institute (IRR1), que investiga arroz a nivel
global, y el International Institute for Tropical
Agriculture (I' A), en areas de interés mutuo.
La investigacion sobre los principales proble-
mas regionales se canaliza a traves de una red
de especialistas en arroz que cooperan con ¢l
Programa Internacional de Pruebas de Arroz
(IRTP ¢n inglés),

Estrategia del Programa

Ll Programa de Arroz, comparado con
otros programas del CIAT, es pequeno, pero
cuenta con extensaexperiencia internacional y
conocimiento de los programas regionales.
Esto le da credibilidad y le permite trabajar de
cerca con ¢éllos.


http:Program.pa

Since its beginningin 1967, 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 rescarch strategy.
Working with national institutions, the Pro-
gram has developed a germplasm-based tech-
nology designed to overcome the principal
constraints in order to increase rice production
in both irrigated and the more favored upland
(rainfed) production systems,

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

In vitro rice plant

Plani de arros movno

Desde sus comienzos en 1967, ¢f Programa
de Arrozse ha concentrado en el mejoramiento
delos rendimientos y la produceion de arroz de
ricgoen liaregion, El mejoramiento varietal ha
sido ¢l principal clemento de su estrategia de
ivestigacion. Trabajando con instituciones
nacionales, ¢l Programa ha desarrollado tee-
nologia aplicable a arroz de ricgo y a los siste-
mas de secano mas favorecido.

Ademis, el Programa de Arroz desarrolla
teenologia de produccion de amplia aplica-
cion, que incluve la introduccion de maquina-
ria apropiada para controlar las malezas y
otrias pricticas agricolas con ¢l fin de reducir
costos v aumentar fa estabilidad de la oferta,




practices to reduce costs and increasc the
stability of the rice supply. This approach has
been highly successtul 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.

Improving Crop Management

In recent years the Rice Program has placed
increased emphasis on assisting national pro-
grams to help their farmers use improved
management practices as a means to increasc
productivity. The problems confronting pro-
duction vary from country to country and are
complex. Growers need information on
cheaper weed and pest control, optimal seeding
densities, and efficient crop-harvesting meth-
ods. -

The Rice Program is providing national
programs with information about this tech-
nology in order to help small farmers realize
the benefits and availability of new methods
and machinery.

National Plans ,

The Program has been able to participate
directly in the formulation of comprehensive
national rice production plans in Peru and
Brazil and is currently assisting Colombia to
developits plan, Itis hoped that these collabo-
rative cfforts will stimulate production and
help to avoid possible future rice deficits.
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Mechanical rice planter

Semdaapdera mecantoa de arros

Fate enfoque ha sido altamente exitoso en
muchas partes de América T anna, mis recien-
tomente en Pert donde el CTATE v cientificos
pertanos han wvanzado scgnihieans amente hi-

il meta de doamosnhicienc ded pais,

Mejorando ¢f Manejo del Cultivo
F'noanos tectentes bos programas nactonales
vl Progia de Arcoy de han dido mas ¢nla-
stvarayudin o os apricuitores con fas practicas
apricolas mejoradas, Los problemas de pro-
duccion varian de nn pas o onios san comple-
jos. Los cultnadores. especiadniente los pe-
quenos, necestn mtornaeon sobre métodos
mas ccondonucos de controlar madezas sy plagis.,
el uso de densidades aptimas de sicmbra,
maguinarie sy metodos de cosecha mias clicien-

tes,

Planes Nacionales

i Progroma ha podida paracipar dorecta-
mente en b tormulacion de planes nacionales
de produceidnen Perioy Breasil v endaactuali-
dad esti avodando o Colombuca desarrotlar su
plin, Seespera can este eslecrzo colaborativo
esttmular b produccaion y ay udar aevitar posi-
bles déficits futaros de arros, '






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-
ricties into the countries’ production rice bowl.
This would probably have a minor impact
since most countries arc 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 probiems 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 for the year
2000, *

Excess/
1985 2000 Pemand deficit

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

Argentina 8 329 263 + 87
Brazil 67 181.0 12127 -3437
Chile 15 14.9 224 - 59
Colombia 69 8.5 2657 - 670
Ecuador 46 14 6 672 - 244
Paraguay 20 5.3 106 - 38
Peru 43 30.0 1290 - 506
Uruguay 15 34 51 + 291
Veneruela 30 26.7 801 - 303

-

* Assumes an increase in population and no increases in

consumption.
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Problema Complejo

Los complejos problemas de la produccién
varian de un pais a otro. En opinioén de los
expertos, el solo hecho de introducir varieda-
des mejoradas no resuelve el problema sino ¢n
grado menor puces la mayoria de los paises ya
estian cultivando variedades modernas. Mejo-
rar practicas agricolas tales como el control de
malezas, mancjo del agua, manejo de plagas, y
teenologia de cosecha es esencial, pero son
pocos los programas nacionales en plena capa-
cidad de implementar todas esas practicasencl
futuro inmediato,

Plancs Nacionales de Produccion
Cada vez es mas claro que estos problemas
$6lo pueden solucionarse a nivel nacional. Ll
Programa de Arroz del CIAT cree que puede
jugar un papel mas significativo ayudando en
tal sentido ya que cuenta con extense experien-
cia internacional y conocimientos sobre pro-
duccion de arroz en la region. Ayudar a los
programas nacionales en la formulacion de

Produccion de arroz en América del Sur y proyecciones para el
ano 2000.°

Exceso

1985 2000 Demanda déticit
Consumo  Poblacion —

(kpseapita) (millones)  (miles de toneladas)

Argentina X 29 263 i K7
Brasil 67 181.0 12127 <3437
Chile 15 149 224 - 59
Colombia 0y .5 2057 - 670
Feuador 40 14.6 672 - 244
Paraguay 20 5.3 106 - 1
Pera 43 30.0 1290 - 506
Uruguay 1S 34 51 + 291
Venesuela 0 26.7 LU - 303

¢ Se asume un incremento en la poblucion v ninguno en el
consume,



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 sct 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-
gramintends 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 14 272 - 36
Panama 78 2.9 226 - 56
Nicaragua 49 5.2 255 -140
Honduras 25 6.9 172 - 67
El Salvador 9 w7 78 - 33
Guatemala 5 12.6 63 - 30
Mexico 10 112.2 1122 -629

* Assumes an increase in population and no increase in
consumption.

planes y cn la definicion de metas pesa mas en
este nomento que tratar de resolver problemas
locales haciendo investigaciones en un insti-
tuto internacional. El Programa, ea conse-
cuencia, aumentard su asistencia directa en la
formulacion de planes nacionales detallados
para estimular la produccion.

Mas del 5097 del arroz adicional requerido
¢n los proximos 15 afios se necesitara en Brasil,
lo cual indica que se fortalecerin los vinculos
de trabajo con ese pais en el futuro, habiéndose
yaformulado planes para Rio Grande do Sul y
Santa Catarina. Existe un plan para Peru y se
estd formulando un plan nacional de produc-
cion para {olombia.

Andlisis de Costos

Una de las formas de ayuda del CIAT a los
programas nacionales cs el analisis de costos de
produccidn para suplir sus necesidades futu-
ras. Esto es esencial para la identificacion de
limitaciones de produccion y de prioridades de
investigacion. Por ejemply, el alto costo de los

Produccion mexicana v centroamericana de arros ¥ proyeccio-
nes paracel ano 2000) ¢

1UKS 20010}

Consumo  Poblacton L)‘."l'.'ﬂ'_‘ Pétien
Pais {hg capita) tmillones)  (mles de toneladas)
Costit Rica Wit R 272 - 36
Panama 78 29 226 - 56
Nicaragua 44 5.2 255 -140
Honduras 25 6.9 172 - 67
Il Salvador 9 8.7 78 -1
Guatemala ] 12.6 63 -
Meateo 10 112.2 1122 -2

b Supone un incremento en o poblacion sin aumenteo, en of
consumao,
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Disease control costs $52/ha in Panama
L control de enfermedades cuesta USSS27ha en Panami

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 com-
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.
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Demasiados Quimicos

El estudio revelé un gasto excesivo cn 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 comparacion con otros
paises latinoamericanos. Enlos Llanos colom-
bianos cominmente se hacen tres aplicaciones,
en Tolima seis y algunos agricultores hacen
hasta 12 aplicaciones en una sola estacion.
También se usan insecticidas excesivamente en
Surinam, Ecuador, Panamd, Republica Do-
minicana y Venczuela.

Elestudio encontro también que los fungici-
das estdn siendo utilizados en exceso ¢ inade-
cuadamente. Los cientificos creen gue esto
sefala la necesidad de que los agricultores
enticndan mejor los complejos de enfermeda-
des que estan tratando de controlar quimica-
mente.



Onthe 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 1810 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.

Rice farming in Cuywta, Guatemala

Stembra de arroz en Cuyug, Glutemaly

En promedio, los agricultores latinoameri-
anos estdn gastando US$110/ha, o un 149,
del costo total de produccién, en ¢l control de
malezas, insectos y enfermedades. En Colom-
bia, estos costos suman US$230; ha, o sea un
18-209¢ del costo total de produccion. En
Ecuador, Panama, la Republica Dominicana y
Venezuela, la proteccion del cultivo cuesta
F8OL, 18O, 1700 v 35¢. del costo total, respec-
tivamente.

Ln vista de estos resultados, los cientificos
del Programa de Arroz han concluido que es
esencial que se examine criticamente el uso de
pesticidas, especialmente en los paises tropica-
les latinoamericanos. I'n muchas reglonces uarro-
ceras de Colombia, por ejemplo, no existe jus-
tificacion cientifica para el actual uso indiscri-
minado de insecticidas,
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Screening for Iron Toxicity

New Method Saves Time

Preseleccion por Toxicidad del Hierro

Nuevo Método que Ahorra Tiempo

Th=highlevel of ironinacid 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
thatisabsorbed 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
matcrial possessing iron tolerance has been the
lack of a suitable screening system, since the
severity of iron toxicity is highly variable under
field conditions.
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El alto nivel de hierro en suelos 4cidos limita
seriamente el rendimiento del arroz de riego en
varias regiones de América Latina. El pro-
blema es causado por hierro ferroso en el suelo
que es absorbido por la planta o se oxidaenla
raiz causando bronceado de las hojas y menor
absorciéon de minerales esenciales. El arroz
pierde entonces su capacidad fotosintética lo
cual resulta en rendimientos inferiores.

La forma mas practica de reducir las pérdi-
das cn el rendimiento causadas por la toxici-
dad del hierro es el uso de variedades toleran-
tes. Aunque sec 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
limitacién paraidentificarlas ha sido la falta de
un adecuado sistema de preseleccién puesto
que el grado de toxicidad del hierro es muy
variable ¢n condiciones de campo.



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 40
to 50 days after planting.

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

Método de Preseleccion

Cientificos arroceros brasilefios y del CIAT
han desarrollado un método sencillo que per-
mite la rdpida evaluacién de grandes cantida-
des de materiales bajo un estrés uniforme de
hierro. Con ¢l se evaltan rutinariamente lineas
de mejoramiento y material introducido y se
mejora la caracterizacién de los viveros que
envia el IRTP a los programas nacionales,

El método consiste en mantener permanen-
temente inundado un suclo de sabana 4cida del
cual serertueven 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
s0lo muestran sintomas menores, El grado de
separacion entre los testigos conocidos como
tolerantes y susceptibles fue mayor 40 a 50 dias
después de la siembra.

Con ¢ste método rapido aproximadamente
2500 lincas avanzadas de mejoramiento y
materiales introducidos fueron evaluados por
tolerancia al hierro en una sola siembra. Des-
pucs de 50 dias se identificaron 677 entradas
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materials were evaluated for iron toleranceina
single planting. After 50 days, 677 entries were
identified as being as tolerant to iron toxicity as
the tolerant check (Oryzica 1). However, only
95 of these 677 samples possessed the minimal
disease resistance required in areas where iron
toxicity is a constraint. The 95 promising
entries were further reduced to only 38 by
eliminating material with unacceptable grain
quality and plant type. In summary, of the
2543 lines tested, only 38 met the minimal
requirements for commercial use in regions
confronted with an iron toxicity problem. This
rapid evaluation for iron toxicity tolerance
greatly increases national programs efficiency
since only 38 tolerant lines will be included in
the IRTP nurseries designed for areas where
iron toxicity prevails.

Mysterious Mechanisms

Little is known about what makes some
plants tolerant to iron. The answer does not
appear to be simple. Data suggest that different
mechanisms may be involved including pos-
sible additives. For example, in crosses where
all three parents were known to be tolerant,
95-100% of their F, progenies were found to be
highly tolerant. When only one tolerant parent
was included in the three-way cross, there was
a low probability of finding a tolerant line.
However, regardless of the mechanism in-
volved, progress can be made in hreeding for
tolerance to high levels of iron since a rapid
method is available for identifying the ma-
terials possessing this trait.
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Iron-damaged rice leaves

1oz con dato ocavtonado por
hierro

tan tolerantes al hierro como el testigo tole-
rante 'Cryzica ', Sinembargo, sol 95de éllas
tenian la resistencia minima a las enfermeda-
des requeridaen fas dreas afectadas por la toxi-
cidad del hierro. Las 95 entradas promisorias
fucron reducidas a 38 después de eliminar
materiades con calidad del grano y tipo de
planta inaceptables. Ln resumen, de las 2543
lincas probadas solo 38 cumplicron con los
requisitos minimos pare uso comercial en
regiones con problemas de toxicidad de hierro.
Esta rapida evaluacion contribuye considera-
blemente o la cticiencia de tos programas
nacionales pues solo reciben 38 lineas toleran-
tes al hierroenlos viveros del IRTTP destinados
a zonas con dicho problema.

Meccanismo Misterioso

Pocose sabe acerca de fo que hacee (.;'uu algu-
nas plantas toleren al hierro y otras:no. La
respuesta no parcee simple. Los diatos sugieren
que puede haber varios mecanismos, posible:
mente algunos acumulativos. Porejemplo, en
cruces en los cuales tres propenitoges eran
conocidos como tolerantes, 95 4 100%, de las
progenies Iy resultaron altamente tolerantes.
Cuando salo se incluyd un progenitor tole-
rante ¢n un cruce triple, las probabilidades de
una linca tolerante eran bajas. Sin embargo, a
pesar de los mecanismos en juego, se puede
avanzar en el mejoramicnto de la tolerancia a
altos niveles de hierro gracias al método ripido
para identficar los materiaics que poseen este
rasgo.



Rice Hoja Blanca

New Techniques Identify Virus-Free Plants

Hoja Blanca de Arroz

Nuevas Técnicas Identifican Plantas Libres de Virus

In recent years, tropical America’s most
productive variety of rice, CICA 8, has fallen
victimto a virus 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 (RHBYV) bleaches
rice leaves and destroys their chlorophyli food-
making capacity, thereby killing the plant, or
at least severely reducing its yield. The virus is
transmitted from infected plants by the insect
Sogatodes 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 discase 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 mds productiva de arroz en
América tropical, CICA 8, ha sido victima en
anos recientes de un virus que en ciertas dreas
la ha eliminado de la produccion. La enferme-
dad ha devastado importantes areas arroceras
de Colombia, Venezuela, Ecuador y Peru.

Ll Virus de la Hoja Blan -a (RHBV, en
inglés), trasmitido por cl insecto Sogatodes
otyzicola, blanquea las hojas del arroz, y des-
truye su capacidad de fabricar nutrimentos, lo
cual mata la planta o reduce fuertemente los
rendimientos.

Evaluando la Resistencia

En vista de que un millon de hectdreas en
América Latina son susceptibles al RHBV, los
cientificos del CIAT CNIPCZATON & CONVErtir a
resistentes al RHBV todas las lineas tropicales
de mejoramiento. Esto se hizo en varias ctapas.
Pucsto que se sabia que la resistencia a la
enfermedad es altamente hereditaria, ¢l plan
eraincorporar esta caracteristica a las varieda-
des 'y evaluar su nivel de resistencia,
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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 insccts (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.
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Para medir la resistencia con precision era
necesario someter las plantas a fuerte presion
del virus, lo cual requeria grandes poblaciones
del insecto vector que garantizaran la exposi-
cion de todas las plantas al virus.

Por lo tanto, fuc nceesario criar masiva-
mente el saltamontes Sogatodes oryzicola, me-
diante un método 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 hospedante ideal resulté ser
CICA 8. Una vez obtenida una cantidad ade-
cuada de insectos, los cientificos empezaron el
proceso de preseleccion en el campo.

Sogatodes oryzicola, the RHBY vecior
Sogatodes oryzicola, vector del RIBY

i

.



Eliminates Insecticide Use

The field screening technique worked well,
allowing for the identification of resistant and
susceptible lines among the thousands of lines
that were evaluated. Seed from all RHBV-free
plants is now being planted for re-evaluation,
This resistant material will be available for
immediate use by national programs.

Future release of RHBV-resistant matcrial
should assure that further disease losses are
minimal. In addition, the widespread adoption
of RHBV-resistant varieties combined with
currently utilized insect-resistant varieties, will
climinate the need for costly insecticide appli-
cations.

Hoja blanca-damaged rice
Arroz afectado por hoja blanca

Eliminaciéon del Insecticida

La preseleccién en el campo funcioné bien y
permitié la identificacion de lineas resistentes y
susceptibles entre las miles que se evaluaron.
Ahora se estdn sembrando semillas de todas las
plantas libres de RHBYV nara su reevaluacién.
Este material resistentc podra ser usado de
inmediato por los programas nacionales.

La liberacién posterior de materiales alta-
mente resistentes al RHBV y su adopcién
gencralizada, asi como clempleo de variedades
resistentes al insecto, minimizaran las pérdidas
causadas por la enfermedad y permitiran la
climinacién de las costosas aplicaciones de
insecticidas.
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Rice Germplasm Flow
New Technology Speeds Exchange

Flujo de Germoplasma de Arroz

Nueva Tecnologia Acelera el Intercambio

In 1985, CIAT extended 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 tuo & 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.
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En 1985, el CIAT amplié su programa de
evaluacion y seleccion *multilocativo’ y *mul-
timetodico’ de arroz., La razon es que la selee-
cion y evaluacion de diferentes lineas en varie-
dad de condiciones agronomicas y ccologicas
permite a los cientificos destinar el material
mejorado @ areas de produceion donde mejor
se adapten. Esta evaluacion ‘multilocativa® de
campo se hace en colaboracion con los pro-
gramas nacionales de investigacion.

Scescogieron sicte sitios de evaluacion, cada
uno con diferentes suelos, climas, enfermeda-
des y presion de plagas, representativos del
rango de condiciones que rodean a las plantas,
Asiose haee la preseleccion en el campo por
factores tales como piriculara de la hoja y del
cucllo, helmintosporiosis y otras enfermedades
fungosas, volcamicnto, toxicidad de hierro,
acides del suclo, Sogara, v barrenadores del
tallo, entre otros.



Putting Pressure on Plants

The breeding and evaluation program begins
with F, plants grown at CIAT-Palmira. After
careful consideration of the parental character-
istics that are desired to be combined in the
progeny, breeders begin the crossing process.
Each year 1500-2000 crosses are made.

Crosses made for resistance to the trouble-
some and widespread ‘hoja blanca’ virus are
screened in the F, stage, and the resistant
plants are transplanted to the field. At this
stage, scientists specifically look for desired
grain shape and fertility. The F, seeds thus
generated are sent to three national program
rescarch sites in Colombia and Panama for the
favored upland and irrigated ecological sys-
tems, and to the Colombian ICA-La Libertad
Station for the upland savanna ccology. In
these sites the selection pressure is for resistance
to blast, relative cleanliness of other pests and
diseases found at these locations, acid soil
tolerance, grain quality, lodging, and accept-
able plant type. Following this, F, progeny
from these sites are subjected to the pressures
at hot spots in Peru and Panama to evaluate
tolerance to these and other soil and bjotic
problems.

Plantas bajo Presion

Eltitomejoramiento y la evaluacion comien-
zancon prantas IFren CIAT-Palmira. Despuds
de cuidadosa eonsideracion de las caracteristi-
cas de Tos padies que se desea combinar en la
progente. los titomejoradores comienzan ol
procveso de crsamiento. Cada ano so realizan
de 1500 0 2000 cruces,

Fos cruces por resistencia a la extendida
cnfermedad defviras de Lo hoja blanca se prese-
leccionan al mivel I+ v las plintas resistentes se
transplantan al canmpo. Froesta tapacloscien-
tiheos busean prinepalmente tas formas de-
seadas deleranoy Loteradidad . Eas semiltlis I
asi genciadas se covian atres sitios de Colom-
b v Panami e los sistemas ceolagicos de
seeano tavorecido voriepo, v la estacion 1 a
Eibertad del TCA ¢n Colombia en secano de
sabana. I estos sitios 14 presion de seleecion
es porresistencia o b pinicularia, relativa lim-
prozic de piagas v oenfermedades nroprs de
estos sttioswolerancia a b acides del suclo.
calidad delprano volemmicnto, v Hpo acepta-
ble de plintia. A continuacion, progenie I
de aquellos sitios se somete a i presiones de

lrgares eriticos en Perdy Panama para evaluar
g !

Readying rice for shipment to nurseries

Vistamde arvos para s envio g viveron
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The best lines from Peru are taken to the
Peruvian Regional Testing Network, while the
Panamanian program is specifically designed
to benefit Central America. The best materials
from Panama and Perualso go directly into the

iernational Rice Testing Program (IRTP).

Anther culture is playing an increasingly
important role in CIAT's rice breeding pro-
gram. At present, anther-culture-derived lines
are specifically developed for southern Brazil
(for iron and cold tolerance), Argentina (for
straighthead discase), Chile (for cold tolerance
and grain quality), and the savanna upland.
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IRTP nursery
Fivero del IRTP

su tolerancia en tales condiciones. Las mejores
lincas de Perd entran a la Red Peruana de
Prucbas Regionales. El programa de Panamé
estd disenado especificamente para Centroa-
mérica. Los mejores materiales de uno y otro
pais van dircctamente al IR,

El cultivo de anteras esti jugando un papel
decreciente importancia en el fitomejoramien-
to. En la actualidad, lincas asi derivadas se
destinan al sur de Brasil (para tolerancia al
hicrro y al frio), Argentina (espiga crecta),
Chile (tolerancia sl frio y calidad del grano) y
para secano en sabana,



International Rice Testing
Program (IRTP)

IRTP nurseries from the International Rice
Research Institute (IRRI)in Los Baiios, Philip-
Dines 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 F, materi-
alsat CIAT’s and the Colombian Rice Federa-
tion’s Santa Rosa Station and at the Colombian
Agricultural Institute’s La Libertad 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 F, generation, anzlyzed from
each screening site, are used to select F; 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 inglés)

Los viveros IRTP del IRRI (International
Rice Research Institui:), el IITA (Internatio-
nal Institute of Tropical Agriculture), de los
programas nacionales y de otras fuentes son
evaluados junto con los materiales F, 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 mas tempranas
tanto de América Latina como de fuentes
exte-~as,conlo cual se aumentaran el material
ensayado y la base de germoplasma.

Los datos de la generacién F,, por sitio de
preseleccion, se usan para seleccionar las lineas
F; las cuales se multiplican en CIAT-Palmira
para su inclusion en el IRTP latinoamericano.
La informacion y los mejores materiales en los
cnsayos de cada afio se incorporan al banco de
germoplasma del centro 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
seleccién conducira al desarrollo mas 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 America,
Africa, ind Southeast Asia. Scientists later
screen and evaluate different species for desired
traits. CIAT’s collection of prass and legume
germplasm has increased {from 7000 to more
than 16,000 cntrics over the past five years.
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Fn colaboracion estrecha con los cientificos

de los programas nacionales, ¢l Programa de
Pastos ‘Tropicales desarrolla teenologias de
bajo costo vy bujo ricsgo para drcas marginales
v de frontera en América trapical. TLos pastos
mejorados que itroduce ¢l Programa pro-
viecnen de germoplasma odginario de suclos
dctdos v pobres de América Fatina, Africa y ¢l
sureste astatico, ¢l cual es preseleccionado y
eviluado por los cientiticos del CIAT, La
coleceron de germoplasma de pastos y legumi-
nosas del CIAT ha aumentado de 7000 4 mas
de 16,000 muestras en los tltimos cinco anos.






Improved pastures improve production

Las pasturas mejoradas aumentan la produccion

Sclected 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
I8 different countries and CIAT’s Tropical
Pastures Program.

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

The improved pastures are finally exposed
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
becn a catalyst for the effective development of
new pasture technology for marginal and fron-
tier lands of tropical America. The RIEPT has
played an important part in'information ex-
change within and amony national programs
and in the process of screening and evaluating
new germplasm and management methods.
The Network has a prominent role in adjusting
new technology to the range of prevalent
farming conditions within various tropical
ecosystems.
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El gerinoplasma asi scleccionado se prueba
cn mas de 150 localidades de la Red Interna-
cional de Evaluacion de Pastos Tropicales
(RIEPT). Esta es una organizacion coopera-
tiva de los programas nacionales de investiga-
cion y el Programa de Pastos Tropicales del
CIAT.

Posteriormente se desarrollan pasturas a
basc dc asociaciones de pastos-leguminosas
que emplean tecnologias de bajos insumos, las
cuales se evaltan por su productividad y per-
sistencia bajo pastoreo en los principales sitios
de seleceion y en los sitios de la RIEPT.

Los pastos mejorados son finalmente expues-
tos alos sistemas de manejo de los agricultores,
que van desde sistemas semi-intensivos de
doble proposito en tierras marginales cercanas
alos mercados hasta operaciones extensivas de
cria .n tierras de frontera.

Red de Pastos

Desde su formacion en 1979 la RIEPT ha
sido un catalizador del desarrollo de nueva
teenologia de pastos para ticrras marginales y
de frontera en América tropical, y ha jugado
un papel importante ¢n ¢l intercambio de
informacion entre los programas nacionales y
en ¢l proceso de preseleceion y evaluacion de
germoplasma y de nuevos métodos de mancejo.
La red juega un papel importante en el ajuste
de nuevas teenologias 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 palatabxlny and ability to withstand heavy
grazing. The problems related to pasture cstab-
lishment and management must also be evalu-
ated.

La recoleccion de germoplasma en diferen-
tes regiones del mundo para aumentar la
variabilidad genética es la base para la identifi-
cacion y mejoramiento de plantas.

Para el Programa de Pastos Tropicales son
de interés tanto los pastos como las legumino-
sas. Los cientificos, al comparar la variabilidad
natural de germoplasma de pasturas, con fre-
cuencia sin domesticar y sin identificar, buscan
signos de adaptabilidad a los diversos ecosis-
temas de los tropicos. En general, este germo-
plasma se recolecta en los suelos acidos y poco
fértiles, que abundan en la region. Asimismo,
los cientificos buscan en las plantas capacidad
para soportar la scquia, regenerarse, y, por
supucsto, palatabilidad y resistencia al fuerte
pastorco. También deben evaluar los proble-
mas de establecimiento y mancejo de las pas-
turas.
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Worldwide Sample Gathering

Scientists have identified key speeies that are
very promising, which among the grasses,
include species of Brachiaria, and among le-
gumes, several species of Cenrrusema. Species
of both gencra were the object of collection
expeditions conducted last year,

During 1985, Tropical Pasture scientists
collected new germplasm in three major arcas:
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
acceessions.

Tropical America: An cxtensive sweep
through a major portion of the Panamanian
provinces sought drought-tolerant, late-flow-
cring legumes, particularly Centrosema species
ccotypes. A total of 320 legume samples were
collected in collaboration with the Instituto de
[nvestigacion Agropecuaria de Panama

Spittlebug - damaged pasture
Sostura afec tada por saltvaso o mitdn

Recoleccion Mundial de Muestras

Los cientificos han identificado especies
‘clave” entre géneros muy promisorios, Bra-
chiaria entre fos pastos y Centrosema entre las
leguminosas. Expediciones realizadas ¢l ano
pasado tuvicron por objeto recolectar especies
de ambos,

Fn FOKS Hos cientificos de Pastos Tropicales
recolectiron nuevo permoplasnia en tres dreas
principales: Amcrica tropical, Asia v Africa.
.as 2300 accesiones adicionales, tanto de pas-
tos como de leguminosas, aumentaron la co-
leceion del Centro a aproximadamente 16,000
cjemplares.

América Tropical. A través de unua extensa
porcion de Panami se buscaron leguminosas
turdias v tolerantes a la sequia, en particular
ceotipos de Centrosema spp. Sc recolectaron
320 muestras de leguminosas en colaboracion
conel Instituto de Investigacion Agropecuaria




(IDIAP) and the United States Agency for
International Development (USAID)/Rutgers
University cooperative program.
Anexpedition 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 Centrosema
accounting for 279, 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 specics of Desmodium
and other genera related to it, as well as
Pueraria phaseoloides. All together, 172 sam-
ples 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. Inall, 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 A ndropogon
gayanus and Panicum maximum, forms the
core of CIAT’s tropical grass research and
development. Brachiaria's 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 Brachiaria cultivars and
materialin testing is susceptibility to spittlebug-—-
adevastating inscct pestin many arcas of Latin
America. Scientists believe that the broad,
genetic diversity of newly collected germplasm
may solve the spittlebug problem. This would
give Brachiaria great potential as a pasture

de Panama (IDIAP) yel proyccto Universidad
de Rutgers/ USALD.

Una expedicion a Venezuela con el Fondo
Nacional de Investipaciones Agropecuarias
(FONATAP) recolecto principalmente especies
de Centrosema, que constituveron ¢l 276 de
fas 371 leguminosas recolectadis.

Asia. EI Conscjo Internacional de Recursos
Fitogenéticos (CIRE) patrocind un proveeto
de recoleccion en Sumatra, en colaboracion
con el Sukarami Rescarch Institute for Food
Crops (SARIE), con ¢nfasis en fepuminosas
nativas, en especial especies v ceotipos de
Desmaodium s Pueraria phascoloides. Fn total
se reunieron 172 muestras,

Africa. S llevo a cabo una recoleccion sis-
tenritica en colaboracion con el International
Livestock Centre for Atrica (11.CA) Y progra-
mas nactonales en Friopia, Kenia, Burundi,
Ruanda, Tunzania y Zimbabwe. En total se
recolectaron Y90S muestras, 8107 de las cuales
cran pastos. De éstos, 452 cran ccotipos de
Brachiaria.

Solida Base Genética

Sc han hecho muchos esfuerzos pata reco-
lectar germoplasma del pasto Brachiaria, Ori-
ginario de Alrica, este pasto forma, junto con
Andropogon gavanus v Panicim maxirmim, ¢l
nucleo del programa de desarrollo ¢ investiga-
cionde pastos del CIA T, Sus caracteristicas <o
adaptacion a suclos dcidos v de baja lertilidad
Y osuopersistencii en pastoreo lo hacen uno de
los géneros mas piomisorios Jamas cncontri-
dos paracel tropico. Sin embarpo, la principal
limitacion de los caltivares comerciales de Bra-
cliuaria spp. v del material en CNSIYO ¢S su
susceptibilidad al mion o salivazo, una plaga
devastadora en muchas Tocalidades de Ameé-
rica Latina. Tos cientilicos ereen que la amplia
diversidad genética del per toplasma que aca-
ban de recolectar permitird superaresta limita-
cton v aumentard el potencial de Brachiaria
pariclas pasturas de ccosistemas sub-hinmedos
v hitmedos de los trapicos.,

Paracevitar T transmision de enfermedades
yoacelerar la transferencia de la nueva colec-
cion de Brachiaria, Ja mayoria de ias aceesio-
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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 Brachiaria collection, the
majority of accessions were transferred in vitro
as meristem cultures using a technique devel-
oped by CIAT's Biotechnology Research Unit.,
The procedure was carried out in close collab-
oration with ILLCA and with a quarantine
center at Maguga, Kenya. More than 350
accessions have been already transferred to
CIAT. The collection considerably broadens
the genctic base for ABrachiaria, bringing the
collection to more than 900 accessions, repre-
senting 24 specics.

nes fueron transferidas in vitro usando una
técnica desarroflada por la Unidad de Biotec-
nologia del CIAT. El procedimiento se aplico
enestrechacolaboracion conel HLCA y el cen-
tro de cuarentena en Maguga, Kenia, Mas de
350 accesiones ya han sido trasladadas al
CIAT. La recoleccion amplié considerable-
mente su base genética de Brachiaria gque
consta de mas de 900 accesiones y 24 especies.

Centrosema sp. surrounded by Andropogon gayanus
Centrosema sp. rodeada de Andropogon gayanus




The Tropical Pastures Evaluation Network

A Successful Research System

La Red de Evaluaciéon de Pastos Tropicales

Exitoso Sistema de Investigacion

The International Tropical Pastures Evalua-
tion Network (RIEPT in Spanish) is designed
to develop new germplasm and pasture man-
agement technology for tropical America.
RIEPT is formed by a multi-locational 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 & variety of ccological 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 discases. During the
second stage, plants are tried for their adapta-
tion and productioa potential under ecologies
ranging from savannas to tropic.. rainforests.
In the third stage of evaluation, the effects of
grazing on the most promising gras:-legume
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 farmers’
management systems.

La Red Internacional de Evaluacion de Pas-
tos Tropicales (RIEPT) desarrolla germo-
plasma y tecnologia de mancjo de pasturas
para América tropical. Esta red consta de un
sistema multilocativo de evaluacion de pastos
y leguminosas en mas de 150 sitios en América
Latina y ¢l Caribe, ¢ involucra a cientificos en
instituciones nacionales de investigacion agri-
cola y ¢l Programa de Pastos Tropicales del
CIAT.

El germoplasma nucvo y promisorio se
cnsaya en variedad de condiciones ccologicas
en cuatro ctapas. En la primera, los cientificos
estudian la adaptacion de los forrajes a los
suclos, climas, plagas y enfermedades. En la
segunda, fas plantas se prueban por su adapta-
cion 'y produccion potencial en ccologias gue
incluyen desde sabanas hasta bosques hame-
dos tropicales. Fn la tercera, se pruchan los
cfectos del pastoreo en las pasturas mas promi-
sorias para conocer su productividad y persis-
tencia. En la cuarta etapa, las pruebas evaltan
la produccion de carne y leche en los varios
sistemas de produccion ganadera.
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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 productionin 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:
Andropogon gayanus 621, Brachiaria decum-
bens 606, B. dictyoneura 6133, and B. humidi-
cola 079, while the most stable legumes are
Stylosanthes capitata 10280 (cv. Capica), S.
guianensis 136 and 184 (cv. Pucallpa), Centro-
sema macrocarpum 5065, Centrosemasp. 5277
and 5568 as well as Desmodium ovalifolium
350.

Advisory Committee

As a result of the Network’s growth and
advancements in the evaluation process of
promising pastuce technology, its Advisory
Committee, during the October 1985 meeting,
reccommended that the participating Network
institutions increasc their production of sced
from promising materials. National program
lcaders are also suggesting that a diagnostic
cvaluation of pasture status as well as an
analysis of natural resources be made. These
items will be discussed during the 1V RIEPT
Advisory Committee meeting in the latter part
of 1986,

Evolution in the number of countries institutions, and research.
ers participating in the R1IEPT: 1979 - 1985,

Year Countries Institutions Rescarchers
1979 7 13 36
1982 Il 27 57
1985 I8 S0 173
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Nucvos Pastos y Leguminosas

A traveés de los adios los cientificos de la red
han identificado varios pustos y leguminosas
que se adaptan bien a determinados ecosiste-
nias, tos cuales conforman fa base de una estra-
tegia de expansion de la produceion de leche y
carne ¢n losvastos terrtorios subuthizados de
los tropicos americanos,

Virios pastos v leguminosas estan siendo
usados ihora en diversas combinaciones, Los
pastos de productividad mis estable son -
dropogon gavanus 021, Bracliiaria decumibens
606, B lnanidicola 679 v B dictyvoncura G133,
nuentras gue las leguaminosas mis estables son
Stvlosanthes capitara 10280 (cv. Capica), S.
Lanensis 130 v 184 (ev. Pucallpa), Centro-
sera macrocarptn SO6S, Cenrosemasp. 5277
v 3508 asi como Desmodium ovalifolium 350,

Comité Asesor

Comoresultado delerecimiento de lared vel
avance on la evaluacion de teenologia promi-
soriia de pastos, el comitd asesor recomendo
durante su reunion de octubre, 1985, que las
msttuciones participantes aumenten su pro-
duccion de semilla de materiales promisorios.
Fos lideres de los programas nactonales tam-
hicn sugicren hacer un diagnostico del estado
de Tas pasturas v oun andilisis de los recursos
naturales, temas que serian discutidos duriante
I IV Reunion del Conité Asesor de la RIEPT
en el segundo semestre de 1986,

Fvolucion en el ndmero de paises, instituciones, ¢ investigadores
que patticipan en e REEP T 1979-1985.

Ao Paises Instituciones  Investigadores
1979 7 11 n
1982 Il 27 57
1985 1% S0 173
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The RIEPT Advisory Committee comprises
14 leaders of pastures research from 13 coun-
tries of tropical America. The Committee plays
a key role in stimulating research activities,
These activities are aimed at solving problems
that are common to Network participants as
well as serving as an information cxchange
between national programs and CIAT s Pastu-
re Program scientists,

Elcomité asesor, conformado por 14 lideres
de programas de pastos de 13 paises de Ame-
ricatropical, juega un papelclave en la promo-
cion de actividades de investigacion.  Esta
busca resolver problemas comunes pira los
participantesen lared, v propiciar el intercam-
bio de informacion entre los programas nacio-

nales y el Programa de Pastos del CIAT,
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Andropogon gayanus

An Exceptional Grass for Tropical Pastures

Andropogon gayanus

Un Pasto Excepcional para Pasturas Tropicales

Andropogon gayanus, 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 is particu-
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 scason.
Cattle grow and reproduce well on the grass,
and it tolerates discases and pests, especially
the pasture-destructive spittlebug. 1t is also
highly compatible with legumes.
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Andropogon gayanus, un pasto forrajero
introducido a los tropicos americanos desde
Africa hace 13 anos, esta siendo utifizado mas
y mas por los agricultores latinoamericanos. El
pasto es especialmente atractivo porque s
altamente productivo ensuelos dcidos 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. Esto se debe asu sistema
radical profundo y su muy ripido rebrote des-
pués de las primeras Huvias que siguen a la
estacion seca tropical. Bl ganado creee y se
reproduce bien en este pasto, ¢l cual tolera
enfermedades y plagas, especialmente el des-
tructivo salivazo. También es muy compatible
con leguminosas.



‘The Grass Spreads

A. gavanus was relcased in 1980 by two
national programs: Instituto Colombiano
Agropecuario (ICA) in Colombia, and Empre-
sa Brasileira de Pesquisa Agropecudria
(EMBRAPA) in Brazil. Shortly thereafter, it
was released for commercial use in Venczuela,
by the Fondo Nacional de Investigaciones
Agropecuarias (FONAIAP): in Panama, by
the Instituto de Investigacion Agropecuariade
Panama (IDIAP); and in Peru, by Instituto
Nacional de Investigacicnes y Promocion
Agraria (INIPA). Today, more than 150,000
hectares of the grass have been planted in the
Brazilian Cerrados and more than 30,000
heetares in other Latin American countrics,

It is estimated that within four years almost
300,000 hectares 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 Venczuela--countries with substantjal
areas of acid, infertile savannas.

A. gayanus, a mutritious grass
AL gayanus, un pasio nutritive

El Pasto se Extiende

A. gavanus fue liberado en 1980 porlos pro-
gramas nacionales de investigacion agricolade
Colombia (ICA) vy Brasil (EMBRAPA). Poco
ticmpo después fue liberado para uso comer-
cial en Venezuela por FONAIAP, Panama
(IDIAP) v Pert (INIPA). Hoy en dia, mas de
150,000 hectireas han sido sembradas con este
pasto en los Cerrados brasilefios y en mas de
30,000 ha en otros paises latinoamericanos.

Se estima que dentro de cuatro afios casi
300,000 ha habrin sido sembradas con este
pasto. Domina claramente ¢l panorama el
grado de adopeion alcanzado en Brasil - un
93%. del drea total. Sin embargo, también se
cneuentran dreas imporaantes en Colombia y
Venezuela, paises con extensas dreas de saba-
nas infértiles y dcidas.




Adoption of 4.

gayanus in tropical America (ha).

1985 1986
Rolivia 100 450
Brazil 268,000 66,000
Colombia 7,600 3,400
Costa Rica 1 8
Guatemala 0 1
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 17,500
Total 289,237 90,797

Adopeion de A. gayanus en América Tropical (ha).

1985 1986
Bolhivia 10 450
Brasil 268,000 (0,000
Colombia 7,6(X) 3,400
Costa Rica 1 8
Guatemal 0 I
Guyana 2 0
Honduras 15 8
M¢xico 22 75
Nicaragua 245 150
Panama 1,032 1,085
Piraguay 1,((K) 1,500
Pern 120 220
Veneruela 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
arcas in the Central American countries of
Nicaragua, Mexico, Honduras and Costa Rica,
Virtually all of these arcas have been planted as
pure grass pastures in the absence of nitrogen-
fixing legumes.

Cvidence indicates that in {986 there will be
a 319 cxpansion in planting of A. gayanus
over existing arcas 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.
gayanus area expansion rates of 259 and 459,
respectively, while other countries have an area
cxpansion rate greater than 100%. 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-
ticr lands by diversifying pasture options and
reducing the region’s spittlebug problem,
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A. gayvanus ha dado bucnos resuitados en
anama, donde se sembraron mas de 1000 ha,
y en sicmbras recientes en Nicaragua, México,
Honduras y Costa Rica. En todas cllas se ha
sembrado como pasto puro, ¢s decir, sin la
presencia de leguminosas que fijen nitrogeno.

La evidencia indica que en 1986 habrd una
expansion en la sicmbra de cerca de 31% ¢n la
region. Esta cilra, sinembargo, oculta las mar-
cadas diferencias en las tasas de adopeion y
expansion entre la region en general y Brasil y
Colombia, donde se liberd por primera vez ¢l
material. Estos, paises tienen tasas anuales de
expansion de 259%, y 45%, respectivamente,
micntras que el resto de paises tienen tasas por
encima del 100%. Estas indican el grado en que
se estd sembrando A, gayanus como pasto
puro, aunque es recomendable que las pasturas
combinen pastos y leguminosas.

A. gavanus es una contribucion valiosa al
desarrollo de las pasturas tropicales latinoa-
mericanas, y al aumento de la produccion de
carne y leche en las tierras marginales y de
frontera al diversificar las opciones de pasturas
y reducir ¢l problema del salivazo.



Anthracnose of Stylosanthes capitata

The Problem is Solved for the Colombian Llanos

Antracnosis en Stylosanthes capitata

Problema Resuelto en lcs [.la:.0s 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 discase has been especially destructive on
the Siplosanthes genus, which is the best
known tropical pasture legume. Dry matter
losses as high as 649 have occurred in Colom-
bia,

In 1976, field evaluations in Colombia and
Brazil began on several accessions of Stylosan-
thes capitata, a pasture legume that lonked
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
miis difundidas y costosas de las plantas. Cau-
sada por un hongo, produce lesiones redon-
deadas de apariencia uleerosa en el follaje y en
los frutos. La enfermedad ha sido especial-
mentedestructiva en el género Stylosanthes, la
leguminosa forrajera mas conocida de los tro-
picos, la cual ha presentado pérdidas de mate-
ria seca de hasta 64% en Colombia por csa
causa.

En 1976 se empezaron evaluaciones de cam-
pocn Colombia y Brasil con varias accesiones
de Stylosanthes capitata, una leguminosa apa-
rentemente promisoria para las sabanas ¢
América Central y del Sur. Al contrario de
much . especies de Stvlosanthes, S. capitata
hoscencuentra muy difundida; es nativa de los
suclos dcidos, de baja fertilidad y arcnosos de
las sabanas de Brasil ¥ Venezuela.
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The Colombian Llanos
Laos Lianos colombianos

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 949, 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 planis only came in contact with
natural inoculum at all sites, it was apparent
that 8. capitata 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.
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La Resistencia es Alta

En dos afios los cientificos notaron que las
especies de S. capitata cultivadas en Colombia
tenian una alta resistencia a la antracnosis, ¢n
contraste con la susceptibilidad de otras espe-
cies de Stylosanthes. Los investigadores encon-
traron que la resistencia legaba hasta un 949,
en los dos sivios de Colombia donde se han
evaluado mas de 300 accesiones. Porotro lado,
cn Brasil, 85% de las accesiones fueron suscep-
tibles.

Puesto que las plantas entraron en contacto
con indculo natural en todos los sitios, era
aparente que S. capitata, por algunarazon, era
mis susceptible en Brasil que en Colombiaa C.
gloeosporioides, el hongo que causa la enfer-
medad.

Inicialmente se sospechd que las diferencias
climaticas podrian causar las diferentes reac-
ciones alaenfermedad. Sin embargo, las pruc-
bas de campo y de invernadero concluyeron
que los agentes causantes cran hongos patogé-
nicos especializados.



Center of Pathogenic Diversity

The explanation of the existence of these
pathogenic fungi seems to lie in the geographi-
cal location of the B~ -~ilian screening site, The
Brazilian site is Ic ited within the natural
distribution and probable center of diversity of
S. capitata. Five accessions that were evaluated
were actually collected from this site. The
conclusion wacs that 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 . capita-
ta in Brazil and Colombia and seedling patho-
genicity studies over the past six yearsstrongly
support the view that specialized pathogenic
isolates of C. gloeosporioides, which cause
anthracnose it S. capitata, exist in the legume’s
native habitar and not in Colombia.

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

expansion.

Centro de Diversidad Patogénica

arece que la explicacion es la ubicacion
geogrifica del sitio brasilefio de preseleccion.
El sitio estd dentro de la distribucién natural y
probablc centro de diversidad de S, capitata.
En esta localidad se recolectaron cinco acce-
siones evaluadas. La conclusion fue quecl cen-
tro de diversidad de una planta también puede
ser ¢l centro de diversidad de sus parasitos
especializados.

Los resultados de la prescleccion de campo
de 8. capitata en Brasil y en Colombia y los
estudios de patogenicidad de plantulas durante
los tltimos scis afios son una fuerte indicacién
de que los aislamientos patogénicos especiali-
radosde C. gloeosporioides que causan antrac-
nosis en S. capitata existen en el habitat nativo
de la leguminosa y no en Colombia.

Evaluaciones periddicas y estudios aislados
¢n los Llanos de Colombia han continuado
mostrando que la promisoria leguminosa tro-
pical 8. capitata no sufre de antracnosis en esta
region, y hay poco riesgo de exparsion futura
de la enfermedad.

Anthracnose damage
Danio de lu antracnosis

83



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, arc 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 onz 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 5.59% 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 were less than they would have
been had not the stocking rate beendoubled 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 149, the reproductive perform-
ance of the herd. Weaning weight also in-
creased by 509.
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Las fincas que cooperan con el proyecto
ICA-CIAT de evaluacion en finca de pastos y
leguminosas mejoradas estan obteniendo re-
sultados similares a los obtenidos en la esta-
cion Carimagua det [ICA-CIAT, Unas y otra
estin locanizadas en los Llanos colombianos,
Scria de esperarse que {os resultados en finca
no fueran tan buenos como los obtenidos en las
condiciones controladas de las estaciones.,

Enunafinca con sistema de produccion muy
extensivo, el productor buscaba aumentar gra-
dualmente el niimero de cabezas en levante.
Paraclloscmbrd en .50 de lafinca mezclas de
pasto-leguminose  principalmente Andro-
pogon gavanus vy Stvlosarnthes capitata. 1in
cinco anos lacarga de lafinea se duplico v los
animales mostraron ganancias significativas
depesounacondicion neeesaria para que las
vacas mejoren su capacidad reproductiva.

Aungue fus ganancias de peso fueron infe-
riores a las que se hubicran obtenido sin doblar
fa cargaanimal, con un 5.5¢7 del dreaen pastos
mejorados fue posible levantar ¢l doble de
ganado de antes, y simultincamente mejorar
cnun 149 sudesempeiio reproductivo. El peso
al destete mejord en un 5007,



Pastures Maintain Productivity

Contrary to previous beliefs, large stocking
rate increases over a long period of time did 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 animals was 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 CIAT scientists plan grazing trial
Un ganadero (centro) v cientificos del CLAT preparan un ensayo
de levante

LLas Pasturas Mantienen
su Productividad

En contra de lo que se cree, el gran incre-
mento en carga animal por un largo periodo no
redujo el nivel de productividad de la pastura,
Elforraje en ofertay el contenido de legumino-
sasen las pasturas continuaron a un nivel acep-
table, y hasta el momento, seis afos despuésde
su sicmbra, aquéllas ro muestran sciiales de
degradacion a pesar de Ja fulta de fertilizacion
de manterimicnto.

En otro ensayo en finca sc encontro que la
alternacion del pastorco en pastos nativos yen
pasturas de pasto-leguminosa da resultados
similares, en términos de desempeiio reproduc-
tivo, a los obtenidos en pastos mejorados. Las
tasas de paricion en las fincas también han sido
comparables a las de las estaciones experimen-
tales.




For cattle farmers, the most cconomically
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 soacking
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
Andropogon gayanus-Stylosanthes capitata
association had strong scasonal fluctuations,

Yara los ganaderos la actividad econdmica-
mente mas atractiva es ¢l engorde, to cual s6lo
¢s posible en las sabanas de América tropical si
hay buenas pasturas,

Dos ganaderos decidieron usar pastos mejo-
rados para engorde durante la estacion de lHu-
vias, obteniendo ambos ganancias de peso
similares ¢ incluso superiores (500 g/ animal/ -
dia) alas de laestacion experimental. Su carga
animal fue un poco mis alta que la de Carima-
gua, usando las pasturas mejoradas solo du-
rante la estacion lluviosa. A pesar de la alta
carga, las pasturas no se deterioraron, aunque
la composicion botanica de la asociacién A.
gavanus-Stylosanthes capitata presentd fuer-
tes fluctuaciones estacionales.

Improved pastures raise the stocking rate
Con pasturas mejoredas es posible aumeniar la carga




ClATisatraining center as well as a research
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 e¢s un centro de capacitacién ¢
investigacion. Su Programa de Capacitacion
esta disefiado para transferir conocimientos
cientificos y nuevas teenologias de produccion
al personal de los programas nacionales de
investigacion. Lin 1985, 148 profesionales fuc-
ron capacitados en los programas del CIA'T en
periodos de tres a doce meses. Otras 25 perso-
nas completaron su trabajo de tesis para maes-
trias o doctorados, o fucron nombrados beca-
rios de investigacion.
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Special Courses

The Center annually hosts hundreds of
professionals who come from around the world
to participate in special seminars on ways to
improve the production of beans, cassava, rice,
and tropical pastures,

Asin previous years, CIAT offered short but
intensive, multidisciplinary courses on rice,
tropical pastures and bean rescarch as an
integral part of its program for dcveloping
scientific capacity. During the year, the Cassa-
va Program offered a course emphasizing
production in Asia, with participants from
China, Thailand, the Philippines, Indonesia,
Malaysia, and Sri Lanka attending.
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Training transfers new technology

La capacuacion transticre nueva tecnologia

Cursos Especiales

Anualmente ¢l Centre hospeda a cientos de
profesionales del mundo entero que participan
en seminarios especiales sobre mejoramiento
de la produccion de trijol, vuca, arroz y pastos
tropicales.

Comocenanosianteriores, ¢l CLAT efrectd su
programa para el desarrollo de capacidad cien-
tifica con cursos multidisciplinarios cortos
perointensivos en mvestigacion de avroz, pas-
tos tropicales y frijol, Durante ¢l afo, ¢l Pro-
grama de Yuca ofrecio uncurso para Asia con
participacion de China, Tailundia, Filipinas,
Indonesia, Malaysia y Sri Lanka.



In-Country Courses

Each ycar, in the Latin Americau ::ational
agricultural programs, more of the cuuises are
being conducted by the various programs.,
Their initiative in developing in-country and
regional training activities indicates the sub-
stantial development that has taken place in
the national agricultural research sectors, dur-
ing the last decade.

The Cassava Program conducted nine spe-
cialized production courses for 192 profes-
sionals from five Latin American countries.
The Bean Program offered seven in-country
courses, training 200 professionals from Ar-
gentina, Chile, Colombia, Costa Rica, EI Sal-
vador, Honduras, and Peru. The Rice Program
organized two courses: onc in Panama and the
other in Honduras, with 46 professionals from
national institutions and universitics partici-
pating,

Countries Participating

The largest number of people trained from
Latin America were from Colombia, Brazil,
Mexico and Peru; in Asia, the Philippines and
Indonesia; In Africa, Mozambique; and from
the developed world, the United States.

CIAT offers specialized training
Capacitacion especializada en el CIAT

Cursos en los Paises

Cada afio, los diversos programas latinoa-
mericanos de investigacion agricola llevan a
cabo una proporcién mayor de los cursos. Su
iniciativa de desarrollar actividades de capaci-
tacion en los paises y a nivel regional indica que
s¢ ha dado un desarrolio sustancial en los sce-
tores agricolas nacionales en la iltima década.

El Programa de Yuca realizo nueve cursos
especializados en produccion para 192 profe-
sionales de cinco paises latinoamericanos, Fl
Programa de Frijol ofrecio sicte cursos en los
paises, capacitando a 200 profesionales de
Argentina, Chile, Colombia, Costa Rica Il
Salvador, Honduras v PPera. I Programa de
Arroz organizd dos cursos, uno en Panama y
otro en Honduras, con la participacion de 46
profesionales de instituciones y universidades
nacionales,

2aises Participantes

I mayor ndmero de latinoamericanos ca-
pacitados fue de Colombia, Brasil, México y
Peri;en Asia, Filipinas ¢ Indonesia: en Africa,
Mozambiqgue, y en ¢l mundo desarrollado,
Iistados Unidos.

89



J

L]

e - Unidades de Apoyi

o
. 1 ‘

e
-

Genetic Resources Unit Unidad de Recursos Genéticos
Biotechnology Research Unit Unidad de Investigacion en Biotecnologia
Seed Unit Unidad de Semillag
Communication and Unidad de Apoyo en

Information Support Unit Comunicaciones ¢ Informacion



The Genetic Resources Unit

CIAT’s Breeding Base

La Unidad de Recursos Genéticos

Base del Fitomejoramiento del CIAT

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 storchouse 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.

El' germoplasma clasificado hasta por 26
caracteristicas diferentes y almacenado en frio
en colecciones de trabajo y de largo plazo por
la Unidad de Recursos Genéticos (URG) es la
materia prima para los programas de mejora-
micnto del CTAT. La URG es el depositario de
la miriada de caracteristicas genéticas que son
preseleccionadas, seleccionadas y combinadas
por los cientiticos para obtener variedades
mejoradas de fujol, yuca, arroz y pasturas
tropicales.

El desarrollo de grandes bancos de germo-
plasma por parte de los centros internacionales
de investigacion agricola ha hecho posible el
mejoramiento de muchos cultivos y los avan-
ces mundiales en ta produceion agricola. Estos
avances dependen de un intercambio irres-
tricto de germoplasma entre paiscs.
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Open Distribution Policy

Onc of the strengths of CIAT system is the
center's open policy of germplasm distribution.
This policy was recently codified in an official
policy statement, which has been commended
by the FAO Commission on Plant Genetic
Resources. This statement afiirms that germ-
plasm will be unrestrictedly available to na-
tional programs, with special emphasis being
given to the returning of collections to their

country of origin, One of the greatest assets of

CIA T for national programs is its ability to

manage germplasm to the mutual advantage of

many different countries.

CIATs germplasm distribution policy s
based on the principle that the unrestricted,
international movement of germplasm uni-
versally benefits agriculture. Production fig-
ures from 66 developing countries in Latin

America, Africa, and Asia show that 609% of
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The world collection of Phascolus beans

Codevcon mundal de frgol Phascotus

Politica de¢ Distribucion Abierta

o de los puntos fuertes del sistema del
CIAL s su politica de distribucion abierta de
permoplasma, Fsta politica tue recientemente
seialada camo ciempliar por fa Connsion de fa
FAO para ios Recursos Fitopendticos. Fsta
declaracion atirma que el germoplasma estd a
disposicton, sin restriceran, de os programas
nacionles, haciendo ¢nfases en Liv devolueiGa
de colecerones o sus paises de ongen. Una de
las prandes ventigas del CTAT para los pro-
praimas nactonsdes es su capacidad para mane-
pr permoplasma para benchoo mutuo de
muchos paises Jdif rentes,

Eapohitici de distrtbucion de permoplasma
del TTA T se basaoen el proncipro de gue si
movimiento nternactanal irrestricto benehera
universalmente o b apgncaliura, Eas atras de
produaccion de 66 paises en desarrolloen Ame-
rica Latina, Afnca v Asie mucsiran que un



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, 809% of
world production is in Africa and Asia,

Like the other international agricultural
research centers, which gather, screen, and
sclect germplasm, CIAT distributes freely to
any requesting country. Germplasm from ‘land-
races’ (primitive varieties), and advanced lines
is readily available, as is information, training,
and consultation on production problems.
CIATs role throughout is primarily one of
supporting national agricultural programs.

00% de los cultivos que en cllos se sicmbran
fueron introducidos de otros continentes. De
dos cultivos originarios de América Latina, los
frijoles Phaseolus tienen su mis alto consumo
percipitaen Africa; y el 809 de la produccion
mundial de yuca se concenira en Africar Asia,

Al gual que los otros centros internaciona-
les, el CIATT distribuye libremente germoplas-
maal pais que lo soliciie, Hay disponibilidad
de ‘razas nativas' (variedades primitivas) vy
fincas avanzadas al igual que informacion,
capacitacion v consulta sobre los problemas de
produccion. El papel del CIAT es principal-
mente de apovo a los programas agricolas
nactonales que lo requicran,

Collecting wild Phascolus in Mexico
A Recoleccion de Phaseolus sifvestre e Mexico
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Oven drying bean germplasm

Horno de secado de semilla

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 germplasm is available to the
country of origin whenever needed. Currently,
493 samples of beans are being returned to
Iran, because the originai 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’ 35,000-sample collection of
Phaseolus beans is the 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 sponsurs regional programs promot-
ing the free movement of germplasm; however,
the international exchange of germplasm sam-
ples requires precautions both during import
and before export to prevent the spreading of
crop pests and discases. Colombia’s phy-
tosanitary regulations and procedures are
strictly followed with imported accessions.
CIAT’s Seed Health Testing Laboratory, part
of the GRU, tests outgoing samples to see that
they are free of seed-borne bacteria, fungi, and
viruses.
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Germoplasma para la Investigacion

Cada afio se Hevan a cabo recolecciones de

germoplasma en coordinacion con las autori-
dades nacionales. Rutinariamente se dejan
duplicados de las muestras en el pais de origen.
CIAT también le da prioridad + fa reposicion
de la coleec'dn nacional. En fa actualidad se
estan devolviendo 493 muesiras de frijol a Irin
cuva coleccion original se perdid. Lairrempla-
zable coleccion basica del CIAT esta siendo
duplicada para su almacenamiento a largo
plazoen EMBRAPA-CENARG N, ¢en Brasil.

La canudad v variedad del zermoplasma
determina ef ¢xito de cualquier programa de
micjoramiento. La coleccion de 35000 muces-
tras de frijot Phaseolus en el CIAT es e mayor
v omas diversa del noando. En 1985, 1a URG
prescelecciond 17,000 de sus muestras por su
reaceion a cuatro enfermedades.

El CIAT promueve regionalmente el libre
movimiento ¢e germoplasma, Stoembargo, su
intercambic internactonal requicere precaucio-
nes para evitar la propagacion de plagas 'y
enfermedades. A fas accesiones importadas se
les aplican estrictamente los reglamentos y
procedimicntos fitosanitarios de Colombia. It
laboratorio de Prucbas de Sanidad de Semillas
de la HRG pruebha las muestras gque salen en
busca de bacterias, hongos y virus.



Biotechnology Research

Strides in Plant Regeneration

Investigacidon en Biotecnologia

Avances en la Regeneracion de Plantas

CIAT’s Biotechnology Research Unit
(BRU), drawing on the knowledge and tech-
niques of cellular biology and technology, aims
atincreasing 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 Investigacién en Biotecnolo-
gia (UIB) del CIAT, aprovechando los cono-
cimientos y las técnicas de la biologia y Ia
tecnologia celular, procura aumentar la efi-
ciencia de los métodos actuales de mejora-
miento de plantas ayudando a resolver pro-
blemas que no se prestan a los procedimientos
tradicionales.

En 1985 la Unidad refiné los métodos de
cultivos de células y tejidos que se usan para
clonar plantas promisorias de yucay de pastos
tropicales, y mejoré las técnicas que generan
variabilidad util en las leguminosas forrajeras.
Tamnbién inici6 el trabajo con frijol.
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Cryogenic Storage

An example of this technological rescarch is
the threc-year-old crvogenic cassava germ-
plasm storage project heing carried out at the
Biotechnology Institute, Saskatoon, Canada,

with CIA'T'S collaboration and the support of

the International Board for Plant Genetic
Resources (IBPGR). The project s aimed at
developing means to store cassava shoot-tip
cultures using liquid nitrogen. Using 12 peno-
types. Canadian scientists eventually refined a
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Growtlrof budy ina nodudar mass divided from inmature se xual
embrios of Phascolus vulgaris

Broe de vy o g e nodidar dnvadida deocmheiones

sevtedo comtadir o de Phaseolu o valgans

Almacenamicento Criogénico

Uiy provecto de almacenamiento criogénico
de germoplasma de vaca fue imicrado hace tres
anoscnel Brotechnology Institute, Saskatoon,
Canada. en colaboractonn con el CIAT v eon
clapoyo del Consejo tntarnacronal de Recur -
sos Fitogencucos (CHREy T proyvecto busca
desarrollar e almacenamicnto de cultivos de
puntas de vastagos de vuca utihizando nitroge-
no lguido. Usando 12 penotipos, Tos cientificos

canadienses retiniren un procesacen el cual lay



process in which the shoot-tips are pretreated
with a freeze-protecting chemical, cooled at a
controlled rate of 0.5°C/ min and then immersed
in liquid nitrogen (-196°C). Following their
removal from storage, the 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
doorto 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 C'AT and 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), a project,
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
cnzyme patterns. The technique is now being
expanded to tropical pasture legumes and
beans.

puntas de vastagos son pre-tratadas con un
quimico que las protege dei congelamiento,
enfriadas a una tasa controlada (0.5C/min) y
lucgo sumergidas en nitrogeno liquido
(-196°C’). Al sacarlas del almacenamicnto, las
puntas.cdescongelan rapidamente, el criopro-
tectorse diluye, vy se colocan en un medio rege-
nerador en el cual pueden proseguir su desa-
rrolle.

La supervivencia de los tejidos después del
congelamiento es alta, casi un 60%., pero sélo
del 2al 2007 se regencran en plantas. Esta baja
tasa se atribuye ala condicion fisioldgica de las
plantas v al rango de tipos de células compren-
dido por cada punta de vis ago. Ellogro, aun-
que modesto, es alentador y ha abierto la
puertaa otras investigaciones sobre la preser-
vacionen frio de la yuca. E} material vegetal de
cuatro variedades que se receneraron en plan-
tas ha sido multiplicado en ¢l CIAT y sem-
brado en ¢l campo para su evaluacion,

Yaralelamente, Ta embringénesis de células
somaticas estd permitiendo regenerar plantas
de yuca a partir de formas cuasi-embrionarias
producidas en cultivos de tejidos. Estas células
deberan ser fisioldgicamente mas tolerantes al
congelamicento que las puntas de vistagos.

Identificando cultivares

Otro proyecto de la UIB se propone desarro-
Har una nueva forma de identificar cultivares.
A medida que creee la coleeeion mundial de
yuca, resulta mas costoso y demorado identifi-
cary catalogar variedades empleando los crite-
rios morfoldgicos cidsicos. Suponiendo que los
diferentes cultivares son genéticamente distin-
tos, deberia ser posible utilizar patrones de
enzimas clectroforéticas de proteina de la yuca
para identificarlos. Con ¢l apoyo del Centro
Internacional de Investigaciones para ¢l De-
sarrollo (CIID), v la experiencia de la Univer-
sidad de Manitoba, Canada, y del CIAT, se
inicid este proyecto exploratorio. Se ha encon-
trado que los genotipos de yuca ciertamente
pucden ser distinguidos o agrupados por sus
patrones de enzimas. La téenica esta siendo
ampliada ahora para aplicarla a leguminosas
de pasturas 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 infected 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 Técnicas de Cultivo de Tejidos

La UIB y la Unidad de Recursos Genéticos
(URG) dei CIAT hanestado investigando si se
pueden cultivar plantas saludables a partir de
semillas infectadas con virus y, también, si se
pueden producir plantas viables a partir de
especies de Phaseolus que, en algunos casos,
estan representadas en la coleccién por sélo
tres semillas. Con estas técnicas se podran
revolver dos problemas comunes en el inter-
cambio de germoplasma: la lenta multiplica-
cion de materiales provenientes de algunos

Wild (left) and domesticated (right) Phascolus in vitro

Phaseolus silvestre (izquicrda) y domesticado (derecha) in vitro

98




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 particularimportance 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 he
carry-overs of the regencrated plants, in which
case tiiey 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 of culture-
originating legumes, especially for their resist-
ance to diseases.

Cassava plantles regenerated by somatic cell
embrvogenesis

Planta de Yucaregenerada por embriogendsis
sonuitica de células

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

Los cientificos lograron un método de clo-
naje que esta produciendo plantas sanas a par-
tir de una semilla infectada con virus, como lo
mostraron las pruebas subsccuentes ELISA.
También lograron multiplicar semilla escasa
por medio de cultivo in virro.

Deimportancia particulares la regeneracion
de leguminosas de pasturas por medio de cul-
tivo de tejidos. 1.os cientificos de la UIB estan
cultivando plantas de varias especies de Stylo-
santhes de callos derivados de la hoja y del
epirotilo, suspensiones de células y protoplas-
tos del mesofilo de la hoja.

El proceso explorala posibilidad de cambios
genéticos cuando se somete el tejido de una
planta a uno o mas ciclos de cultivo de tejidos
en los cuales se cultiva una masa amorfa de
células (callos) derivada de tejidos organiza-
dos. Estos cambios podrian trasmitirse a las
plantas regeneradas, en cuyo caso se expresan
¢n caracteristicas que no estaban en la planta
original, o ‘variacion somaclonal’, El procedi-

«miento serd aplicado experimentalmente para
probar la variabilidad genética 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 Colaboracidén 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 channcls, to
encourage the increase of improved seed vari-
cties. These improved cultivars are developed
within the national-international center re-
search network.
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La Unidad de Semillas del CIAT, estable-
cida hace sicte afios, asiste en ¢l desarrollo de
los sectores nacionales de semillas, principal-
mente en Amcénca Lating vel Caribe v funda-
mentalmente o traves de L capacitacion, Con
el personal asi capacttado, trabaja con pro-
pramas de semtllas ¢oidustrias nacionales,
asociaciones de semallas voagencias puberna-
mentales paca estimuliar el sumento v empleo
desemtllas de variedades meworadas, Las cuales
son desarrolladias en Lored de centros interna-
ctonales v programas nacionales de ainvestiga-
cion,



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 43| pecople have
participated in courses and another 390 in
confcrences held at CIAT. Without the Seed
Unit’s program, many of these people would
have had little or no communication with one
another, with CIA'T, or with the international
center system. In addition, 572 peaple have
participated in subregional and in-country
courses with significant Seed Unitinvolvement,

The Unii multiplies seed of
improved species

La Unidad muitiplica semilla de
especies mejoraday

Desde 1979, 1a comunicacion entre las per-
sonas del sector de semillas en la agriculiura
latinoamericana y caribeia ha aumentado sig-
nificativamente como un resultado directo de
los cursos, reuniones de trabajo y seminarios
levados a cabo por Ly Unidad: 431 personas
han participado en cursos, 390 en conferencias
encel CIAT, vy S72 encurso, sub-regionales yen
los paises en los cuales Ta Unidad ha partici-
pado. Como resultado de estos esfucrzos la
competencia lelseetor de semilias esti en con-
tinuo aitmento,
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As a result of these efforts, the competence of
the seed sector is being steadily increased.

The accelerated dcvelopment of sced 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
today.

Seed Unit Training

Thce Seed Unit tailors courses and workshops
to mect high priority regional needs. New
course initiatives include: an advanced course
on seed quality and discase controls, sub-
regional courses in Central America and the
Andcan Zone on sced enterprise management
and marketing; and in-country courses on
bean seed for the small farmer and on cassava
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Regional seed association networks
Redes regionales de asociaciones semillistas

El desarrollo acclerado de asociaciones de
semillas en la region tiene fuerte relacion con
las actividades de la Unidad. Hoy estin ope-
rando ocho asociactones nuevis o reactivadas
que no existian en 1979,

Capacitacion en la
Unidad de Semillas

L.os cursos v las reuniones de trabajo res-
ponden a las necestdades de mayor prioridad
en liaregion, Tal es el caso de un curso avan-
7ado sobre control de calidad y enfermedades



stake selection. Similar new initiatives were
taken with a workshop for people involved in
research and training, primarily from key
universitics 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
devcloped by national and 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 wecks of time for
individual periods of two weeks or more. 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 Sced Unit’s newsletter was cnlarged to
increase its technical content in 1985 and is
now published every four months instead of
biannually.

The I"an Amcrican Sced Scminar, held in
Colombia in 1985 at CIAT, brought together
253 seed technologists and seedsmen from the
region. The participants presented 40 technical
papers on rescarch, development, and policy
topics. The recommendations and conclusions
placed a strong emphasis on increased future
cooperation in the public and private sectors.

de semillas, cursos sub-regionales en América
Central y la Zona Andina sobre manejo de
empresas de semillas y mercadeo y cursos en
fos paises sobre semillas de frijol para el
pequeno agricultor y seleccion de estacas de
yuci. Se hizo una reunion de trabajo sobre
Investipacion v capacitacion para universida-
des claves y programas nacionales de semillas,
Yy otrasobre produccion de semilla de sorgo en
cl Centro - Internacional de Mejoramiento y
Maiz v Trigo (CIMMY ), esta altima patroci-
nada conjuntamente por el Instituto Interna-
ctonal de Tnvestigacion en Cultivos para los
Tropicos Semi-Aridos (ICRISA'T), ¢l Pro-
grama Internacional de Sorgo v Millo (INT-
SORMIL) v el Instituto Nacional de Investi-
paciones Forestales v Agropecuarias de Méxi-
co (N ALY,

Durante el ano pasado. dies cientificos visi-
tantes v cansultores de sicte paises trabajaron
mis de S0 semanas en la Unidad de Semillas,
Fstos consultores de entidades privadas ¥
publicas provenian de Australia, Brasil, Co-
lombia, México, Inglaterra, Estados Unidos y
Veneruela.

Otros Avances

Ficelirea de informacion v comunicacion,
L Unidad de Semillas ha elaborado un Direc-
torio de Especialistas en Semillas y de Institu-
ciones en Amésica Latina y el Caribe, que
incluye nombres v diecciones de 850 indivi-
duos e instituciones agrupados por paises, asi
comoun Tesauro de Ciencia y Teenologia de
Semillas eninplés v enespadiol. Fsta ey la pri-
mevarecopdacion en espanol de vocabulario
pariciccuperacion de mtormacion en el darea.

FEbholetin de Ta Uondad de Senllas ampliod
sucontemdoteenicoen 1985 v ahorise publica
cada cuatio meses en lupan de dos veces pot
ano,

Faw conclusiones v recomendaciones del
Senvnano Panamcenicano de Semitas, reah
radoen 19SS enel CEN L con partticipacion
de 53 aeenolopos vosennllintis de I repon
AICTCN, cntee ot ammentay a caoperacion
Futura cotre fo sectores pabheo v oprnvadao,
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Communication and Information

Support Unit

Worlwide Service to Scientists

Unidad de Apoyo en

Comunicaciones e Informacion

Un Scrvicio a los Cientificos a Nivel Mundial

CIATs Communication and Information
Support Unit (CISU) makes agricultural in-
formation from all over the world readily
accessible to the center’s staff and to its national
program collaborators in the commodity re-
scarch networks. CISU also supports all of the
center’s communication cfforts with publica-
tions, audiotutorials and audiovisual materials,
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La Unidad de Apoyo en Comunicaciones e
Informacion (UACT del CIAT pone La infor-
macion apricola deb mundo a disposicion del
personal del centro v personal de programas
nactonales que forma parte de las redes de
myestyracton en cultivos, Ta Unidad también
apova fas actividades de comunicicion del
Centro con publicaciones, audiotutoriales, v

naterntles aadrovisuades,






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 CIAT research

Imprinvendo vvesticacion del CLAT
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Los boletines se envian periddicamente a los
miembros de las redes de investigacion con el
fin de informarlos acerca de resultados y acti-
vidades de interés. El boletin de Pastos Tropi-
cales fue mejorado en 1985 con avuda del Cen-
tro Internacional de Investigaciones para el
Desarrollo (CHD), clevando su cabida a 32
paginas con articulos cientificos v notas de
investigacion de fos miembros de la red y de
otros investigadores en A, érica tropical. Este
boletin prestiiun importante servicio ya que las
publicaciones en espaiiol en este campo son
esCasas.







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 ficld beans, cassa-
va and tropical pastures collect, abstract and
systematically file scientific documents on these
commodities. Abstract volumes of scientific
literature arc published three times a year and
distributed to suscribers in research institutions
th. -oughout the tropics. Bibliographic database
searches aie provided {reec-of-charge to scien-
tists.

Information from Africa

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 avaii-
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 to all interested
users. Distributorships were established in the
United States, Europe, Brazii 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.
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Informacion Especializada

Un servicio muy funcionil de informacién
actualizada manticne « los investigadores al
dia sobre ta informacion agricola mundial. Los
centros de informacion especiahizada en frijol,
yuca y pastas tropice o coleccionan, resumen
y alme  an sisten: ticamente documentos
sobrelos iltivosen investigicion, Los respec-
tivos voliimenes de resiimences se publican tres
veees por aflo y se envian a suscriptores en el
mundo tropical. Los cientificos pueden solici-
tar sin costo busquedas bibliograficas.

Informacion de Africa

Como el Programa de Frijol esta trabajando
con una red de investigacion para aumentar la
produccion en Africa Oriental, ¢l Centro de
Informacion organiz», con el apoayvo del C11D,
una cexpedicion de seis meses para obtener
informacion agricola, agroclimatolagica y esta-
distica para uso de los investigadores de ese
continente, habiendo reunido mapas y 325
documentos sobre investigacion en Africa
Oriental en los Gltimos 50 afios. Esta valiosa
literatura no estaba disponible en fuentes con-
vencionales, y ahora estd a disposicion de los
integrantes de la red ¢ investigadores d-: otras
partes del mundo.

Mercadeo y Distribucion

En 1985 sc intensificd ¢l mercadro de las
publicaciones del CIAT con ¢l fin de hacerlas
llegar a todos los interesados. Se establecieron
contactos de distribucion ¢n Estados Unidos,
Europa, Brusil y Ecuador. También las ventas
en la sede superaron las de afos anteriores.
Con ru producto sc sosticnen secrvicios de
informacion sin costo o muy bajo para cientifi-
cos de programas nacionales.
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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 informacion sobre las publi-
caciones de CIAT, asi como referencias a
trabajos presentados, seminarios, informes vy
otros materiales escrizos sobre resultados de la
investigacion del Centro, ver la Bibliografia de

Trabajos Publicados por CIAT y su Personal

Cientifico, 1969-1983 v Suplemento 1984-1985,
Ver tambiép al final de este listado Materiales
Publicados por Personal de CIAT en Publica-
ciones Ajenas al CIAT en 1985.



Reports

Informes

CIAT Report 1985, 100p.
Informe CIAT 1985, 102p.

1986 Program and Budget and Projections to
1988, 70p.

CIAT in the 1980s Revisited. A Medium-term
Plan for 1986 to 1990, 216p.

Books and Monographs
Librov y Monografias

Land in Tropical America. La Tierra en Amé-
rica Tropical. A Teira na América Tropical: A
Guide to Climate, Landscapes and Soils for
Agronomists in Amazonia, the Andean
Piedmont, Central Brazil and Orinoco (3 vols.),
146p., 444p. and 104p., respectively. (CIAT/-
EMERAPA.)

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

Sistemas de Produccién Pecuaria Extensiva,
Brasil, Colombia, Venezuela, Proyccto ETES,
538p.

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

Technical Manuals
Manuales Téenicos

Aislamiento, Caracterizacion y Evaluacidn de
Rizobios para Leguminosas Forrajeras en
Suelos Acidos de América Tropical: Guia
Mectodoldgica.

Evaluacion, Seleccion y Manejo de Sistemas
Leguminosa-Rizobio para Aumentar la Fija-
cion de Nitrogeno. Manual de Métodos, 24
capitulos. También, Guia de Estudio. 71p.
(CIAT/PNUD.)

Lvaluation, Selection and Management of Leg-
ume-Rhizobium Systems for Increasing Nitro-
gen Fixation. Methods Manual, 24 chapters.
Also Study Guide, 71p. (CIAT/PNUD.)

Insectos Asociados con Especies Forrajerasen
América Tropical, 46p.

Métodos Quimicos para el Analisis de Suelos
Acidos y Plantas Forrajeras, 83p.

Training Materials
Materiales de Capacitacion

Cassava: Rescarch, Production, and Utiljz-
ation (Material used in the training courses in
CIAT). (CIAT/PNUD.) 745p.
Frijol: Investigacion y Produccién (referencia
paralos cursos de capacitacion dictados porel
CIAT). (CIAT/PNUD.) 417p.

Arroz: Investigacion y Produccion (Referencia
para los cursos de capacitacion dictados porel
CIAT). (CIAT/PNUD.) 695p.

Newsletters and Bulletins
Boletines

CIAT International (Vol.4, Nos. | and 2), 12
and 12p., respectively.
CIAT Internacional (Vol.4, No. 1), 12p.

Arroz en las Américas (Vol.5, No. I), 12p.

Cassava Newsletter (Vol.9, Nos. | and 2), 16
and 12p., respectively,

Yuca Boletin Informativo (Vol.9, No. 1), 16p.
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Hojas de Frijol para América Latina (Vol.7,
Nos. | and 2), 8 and 4p., respectively.

Boletin de Pastos Tropicales (Vol.7.No.1),12p.

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

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

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

ARCOS N¢  as (weekly news bulletin) 52
1ssues.

CIAT Program Reports

Informes de Programas

Bean Program Annual Report, 1984, Working
Document No.7. 31 1p. (También en Espaiiol.)

Cassava Program Annual Report, 1984, Work-
ing Document No. 1. 270p.

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

El Desarrollo Agroindustrial de la Yuca ¢n la
Costa Atlantica de Colombia, Cuarto Informe,
Proyecto Cooperativo DRI-CIAT, Vol.l1, 42p.

Informe del Viaje de Observacion a los Paises
de Venezuela, Colombia, Ecuador, Panamd y
Costa Rica. IRTP, 95p.

Red Internacional de Evaluacion de Pastos
Tropicales, 3a. Reunion, Cali, Colombia, 1985.
Resultados 1982-1985. 2 vols; 1228p.

Resultados de los Viveros del IRTP para
América Latina Distribuidos en 1984, (CIAT,-
IRTP.) [63p.

Reunion del Comité Asesor de la Red Inter-
nacional de Evaluacion de Pastos Tropicales,
3a., 1985, Parte I, 142p. 11, 43p.
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Reunion de Trabajo sobre Ensayos Interna-
cionales de Frijol, lo., (International Bean
Trials Workshop). Trabajos Presentados.
435p.

Working Documents

Documentos de Trabajo

Analisis de Productos ¢ Insumos Ganaderos
1984, documento para la Red de Pastos Tro-
picales (RIEPT). 39p.

Conservacidon in vitro, Serie Lecturas sobre
Recursos Fitogenéticos, No. 3. (CIAT/Con-
scjo Internacional de Recursos Fitogenéticos)
20p.

Evaluacion 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 *
Publicaciones de los Servicios de
Informacion #*

Abstracts on Cassava, Vol. 11, Nos. 1 - 3.
Abstracts on Field Beans, Vol. 10, Nos, T - 3.

Resttmenes Analiticos sobre Yuca, Vol. 11,
Nos. | -3,

Resumenes Analiticos sobre Frijol, Vol. 10,
Nos. | - 3.

* CIAT offers hibliographic searches on any of its commodities.
For more information, contact the Library’s Information
Services.

PO ] obrece busguedas bibhopraticas sobro caalesguieta
deosus cubtinves Para toasor adormacion, dopese a los
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Dean of Rescarch, Department of Crop
Scicncee

Decano de Investigacion, Departamento de
Ciencias de Cultivos

University of Guelph

Universidad de Guelph

Canada

Nohra de Junguito
Vice Chairperson of the Board
Vicepresidenta de la Junta
Economist
Liconomista
Colombia

Junta Directiva
(1985-1986)

Peter D. Bell
Senior Associate, Carnegic Endowment for
International Peace
Asociado Senior, Fundacién Carncgie para
la Paz Internacional
U.S.A.

Eduardo Casas Dias
Inter-American Development Bank
Banco Interamericano de Desarrollo
U.S.A.

lohn 1.. Dillon

Head, Department of Agricultural
Economics and Business Management

Jefe, Departamento de FFeonomiy Agricola
y Admimstracion de Nepocios

University of New Inpland

Universidid de New Foplind

Austialia

127



Dely P. Gapasin

Director, Crop Research Division
Directora, Division de Investigacion en
Cultivos

Philippine Council for Agriculturc and
Resources Rescarch and Development
(PCARRD)

Consejo Filipino de Investigacion y
Desarrollo Agricola y de Recursos

Philippines

Filipinas

Fernando Gomez Moncayo
Gerente, Instituto Colombiano
Agropecuario (ICA)
Manager, Colombian Agricultural Institute
Colombia

Ken-ichi Hayashi
Director General, Tropical Agricultural
Rescarch Center (TARC)
Centro de Investigacion Agricola Tropical
Japan
Japon

FFrederick Hutehinson
Director, Ohio Stave Agricultural
Development Center
Centrode Desarrollo Agricola del Estado de
Ohio
U.S.A.

Robertny Mejia Caicedo
Ministro de Agricultura
Minister of Agriculture
Colombia

John I Nichel
Ditector General, Centro Internacional de
Apricultura Tropical (CIAT)
International Center tor Fropical
Agnicaltue
Colombhia

Mistco Palacios Rozao
Rectar, Pnnversidad Nacional de Colombin
National University of Colombia
Colombia
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Aston Zachariah Preston
Vice Chancellor, University of the West
Indies
Vicecanciller, Universidad de West Indies
Jamaica

Erwin Reisch

L.eader, Center for Agriculture in the
Tropics and Subtropics

Lider, Centro para ia Agricultura en los
Tropicos y Subtropicos

University of Hohenheim

Universidad de Hohenheim

Federal Republic of Germany

Republica Federal de Alemania

Rodrigo Tart¢
Director, Centro Agronomico Fropical de
Investigacion y Ensefignza (CATIE)
Tropical Agronomic Research and
Training Center
Costa Rica

Elmar Wagner
Coordinador, HCA'EMBRAPA, Escritorio
no Brasil
Coordinator, Brazil Burcau THCA/
FMBRAPA
Brasd
Iirasil

Fredenick Joshua Wang'uti
Ag. Sceeretary, National Council for Seience
and Technolopy
Sceerctaniode Apricultura, Consejo Nacional
pata i Cienety Teenolopia
Kenyi
Keni


http:ui'ultu.il

Principal Staff
(as of December 1985)

Office of the Director General
Oficina del Director General

Senior stafr
Jonhn L. Nickel, Ph.D., Dr.sc.agr. h.c.,
Director General

Douglas R. Laing, Ph.D.,
Deputy Director General
Director General Adjunto

Gustavo A. Nores, Ph.D,,
Deputy Director General
Dircctor General Adjunto

Fritz Kramer, Ph.D.,
Assistant Director
Dircctor Asistente

Gertrude Brekelbaum, Ph.D,,
Projects Officer
Funcionaria de Proyectos

Internal Auditing
Auditoria Inteina

General administrative services staff
Per omai de servicion administeativos generales

Luis IFernando Montoya, C.I"T,,
Internal Audior
Awditor Interno

Personal Principal
(a Diciembre 1985)

Bean Program
Programa de Frijol

Senior staff

Aart van Schoonhoven, Ph.D.,
Entomologist, Leader
Entomélogo, Lider

David Allen, Ph.D.,
Plant Pathologist, Regional Coordinator,
East African Bean Project (stationed in
ILCA, Nairobi, Kenya)
Fitopatologo, Coordinador Regional,
Proyecto de Frijol en Africa Oricntal
(con sede en H.CA, Nairobi, Kenia)

Stephen R. Becebe, Ph.D.,
Plant Breeder, Plant Breeding
Fitomejorador, Iitomejoramiento

John Bowmun, Ph.D,,
Plant Patholopist, Central Americn Bean
Project (stationed in Costa Rica)
Fitopatdlogo, Proyecto( ‘entrommericano de
Erijol (cousede en Costy Rica)

Jeremy H, Dawi, Phily,
Plunt Breeder, Plang Hiceding
Fitomejoradoy, tomejorumiento
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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 E. Galvez, Ph.D.,
Plant Pathologist, Kegional Coordinator,
Central A nerica Bean Project (stationed in
San José, Costa Rica)
Fitopatotogo, Coordinador Regional,
Proyecto Centroamericano de Frijol
(con sede en San José, Costa Rica)

Guillermo Hernandez Bravo, Ph.D.,
Plant Breeder, Co-leader, INIPA/CIAT
Collaborative Bean Project (stationed in
lca, Peru)
Fitomejorador, Co-lider, Proyecto
Colaborativo de brijol INIPA/CIAT
(con sede en lea, Pery

Francisco J. Morales, Ph.D.,
Virologist, Virology
Virdlogo, Virologia

Sitvio H, Orosco, MUS,
Agronomist, Central America Bean Project
(stationed in Guatemala City, Guatemaia)
Agronomo, Proyecto Centroamericano de
Frijol (con sede en Ciudad de Guatemala,
Guatemala)

Douglas Pachico, Ph.D.|
Agricultural Sconomist, Feonomices
Econonust Agricola, Eeconomia

Macial PPator-Corrales, Phob,
Plant Pathologist, Plant Pathology
Fitopatolopo, Fitopatolopia

Sheee P Singh, PhoD |
Plant Breeder, Phnt Breeding
Fitomejorador, Fitomeyoramiento

Barty Smnthaon, Phob,
Plant Biceder, Fast Afnean Bean Project
Iitomejorador, Fitomejoranuento,
Provecto de Pinob en Atoes Onental
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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)
Agrénomo, (con sede en CNPAF, Goiania,
Goias, Brasil)

Peter Trutman, Ph.D.,
Pathologist, Great Lakes Bean Project
(stationed in Rubona, Rwanda)
Patologo, Proyecto de Frijol de los Grandes
Lagos (con sede en Rubona, Ruanda)

Oswaldo Voysest, Ph.D.,
Agronomist, Agronomy
Agrénomo, Agronomia

Jeffrey White, Ph.D.,
Physiologist, Physiology
Fisiologo, Fisiologia

Jonathan Woolley, Ph.D.,
Cropping Systems Agronomist
Agronomo de Sistemas de Cultivo

Teil ), Youngdahl, Ph.D,,
Plant Physiologist, IFDC
Fitofisiologo, ITFDC

Senior research fellows

* Jano Castano, P,
Plant Pathology
Fitopatologia

Nigel Ruaraidh Sackville-Hamilton, Ph.D,,
Data Manapement Systems
Sistemas de Manejo de Datos

Judith Kipe-Nolt, Ph.D.,
Microbiology
Microbiologlha

® Jett dunng 19KA
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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
Fellows posdoctorales
Joachim Voss, I'h.D.,

Great Lakes Bean Project (assigned by the
Rockefeller Foundation, stationed in
Rubona, Rwanda)

Proyecto de Frijol de los Grandes Lagos
(asignado por la Fundacion Rockefeller,
con sede en Rubona, Ruanda)

Julia L.. Kornegay, Ph.D.,
Plant Breeding
Fitomejoramiento

Cassava Program
Programa de Yuca

Senior staff

James H. Cock, Ph.D.,
Physiologist, Leader
Fistologo, Lider

Anthony C. Belloti, Ph.D.,
Entomologist, Entomology
Entomologo, Entomologia

Clair Hershey, Ph.D.,
Plant Breeder, Plant Breeding
Fitomejorador, Fitomejoramiento

Reinhardt Howeler, Ph.D.,
Soil Scientist, Plant Nutritionist
Cientifico de Suclos, Nutricionista de
Plantas

Kazuo Kawano, Ph.D,,
Plant Breeder (stationed in Rayong,
Thailand)
Fitomejorador (con sede en Rayong,
Tailandia)

J. Carlos Lozano, Ph.D.,
Pathologist, Pathology
Patélogo, Patologia

John K. Lynam, Ph.D.,
Agricultural Economist, Economics
Economista Agricola, Economia

Radl Moreno, Ph.D.,
Agronomist, Agronomy
Agrénomo, Agronomia

Senior research fellows

Rupert Best, Ph.D.,
Utilization
Utilizacion

Mabrouk El-Sharkawy, Ph.D.,
Physiology
Fisiologia

Postdoctoral fellows

Fellows posdodtorales

Edward Carey, Ph.D.,
Breeding
Mcjoramiento

Carlos Alberto Ibdfiez, Ph.D.,
Economics
Economia

Barry Nolt, Ph.D.,
Virology
Virologia

Steve Romanoff, Ph.D.,
Economics
Economia

Roberto Sacz, Ph.D.,
Economics
Economia

¢ Left during 1985,

P ctino en TORS
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Luis Sanint, Ph.D.,
Economics
Economia

Ewald Sieverding, Dr.agr.,
Soil and Plant Nutrition
Nutricién de Suelos y Plantas

Christopher Wheatley, Ph.D.,
Utilization
Utilizacion

Rice Program
Programa de Arroz

Senior staff

Peter R. Jennings, Ph.D.,
Plant Breeder, Lead er (assigned by the
Rockefeller Foundation)
Fitomejorador, Lider (designado por la
Fundacion Rockefeller)

James Gibbons, Ph.D.,
Plant Breeder (stationed in Villavicencio,
Colombia)
Fitomejorador (con sede en Villavicencio,
Colombia)

Joaquin Gonzalez F., M.S,,
Agronomist, Co-leader, INIPA/CIAT
Collaborative Rice Project (stationed
in Tarapoto, Peru)
Agronomo, Co-lider, Proyecto
Colaborativo de Arroz INIPA/CIAT (con
sede en Tarapoto, Pert)

César Martinez, Ph.D.,
Plant R-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
Fitopatélogo. Fitopatologia
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Senior research fellow
Surapong Sarkarung, Ph.D.,
Plant Breeding (stationed in Villavicencio,
Colombia)
Fitomejoramiento (con sede en
Villavicencio, Colombia)

Posdoctoral fellow

Fellow posdoctoral

George Weber, Ph.D.,
Entomology
Entomologia

Tropical Pastures Program
Programa de Pastos Tropicales

Senior staff

José M. Toledo, Ph.D.,
Pasture Agronomist, Leader
Agrénomo de Pasturas, Lider

Rosemary S. Bradley, Ph.D.,
Soil Microbiologist, Microbiology
Microbidloga de Suelos, Microbiologia

* Walter Couto, Ph.D.,

Soil Scientist, Pasture Development, CPAC-
EMBRAPA/IICA/-CIAT (stationed at
CPAC, Brasilia, Brazil)

Cientifico de Suelos, Desarrollo de Pasturas,
CPAC-EMBRAPA/IICA/CIAT (con
sede en CPAC, Brasilia, Brasil)

John E. Ferguson, Ph.D.,
Agronomist, Seed Production
Agrénomo, Produccién 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 retird en 1985,



Gerhard Keller-Grein, Dr.agr.,
Humid Tropics Agronomy (stationed in
IVITA, Pucallpa, Peru)
Agronomia de Trépicos Himed os (con sede
en IVITA, Pucallpa, Peru)

Carlos Lascano, Ph.D.,
Animal Scientist, Pasture Quality and
Nutrition
Zootecnista, Calidad de Pasturas y Nutriciéon

Jillian M. Lenné, 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
Agrénomo, Ensayos Regionales

José G. Salinas, Ph.D.,
Soil Scientist, Soil and Plant Nutrition
Cientifico de Suelos, Nutrici6én de Suelos y
Plantas

Rainer Schultze-Kraft, Dr.agr.,
. Agronomist, Germplasm
Agrénomo, Germoplasma

Carlos Ser¢, 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
Agrénomo de Forrajes, Agronomia de los
Llanos

Rail R. Vera, Ph.D.,
Animal Scientist, Cattle Production Systems
Zootecnista, Sistemas de Produccién 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, Panama)

Tsuyoshi Mitamura, Ph.D.,,
Pasture Establisment
Establecimiento de Pasturas

Saif ur Rehman Saif, Dr.agr.,
Soil Microbiology
Microbiologia de Suelos

Postdoctoral fellows

Fellows posdoctorales

Julie M. Stanton, Ph.D.,
Plant Pathology
Fitopatologia

Philip K. Thornton, Ph.D.,
Cattle Production Systems
Sistemas de Produccién de Ganado

* Aldo Barrientos, Ph.D.,
Entomology °
Entomologia

Research Support

Apoyo a la Investigacion

Biotechnology Research Unit

Unidad de Investigacion en
Bioteenologia

Senior staff

William M. Roca, Ph.D.,

Physiologist, Head
Fisi6logo, Jefe

Posdoctoral fellow

Fellow posdoctaoral

Laszlo Szabados, Ph.D.,
Celular biology
Biologia celular

* Left during 1985.
SCTero en TURS,
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Genetic Resources Unit
Unidsd de Recursos Genéticos

Senior staff

* William Roca, Ph.D.,
Physiologist, Acting Head
Fisidlogo, Jefe encargado

David Wood, Ph.D.,
Botauist, Head
Botanico, Jefe

Posdoctoral fellow

Daniel G. Debouck, Ph.D.,

CIAT/IBPGR Bean Collector
Recolector de Frijol CIAT/CIRF

Seed Unit
Unidad dec 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
Cientificos visitantes
Helen Low,
Seed Analysis
Analisis de Semillas

Luis Vicente Malaver, M.S.,
Seed Production
Produccion de Semillas

Harold Youngberg, Ph.D.,
Forage Seed Specialist
Especialista en Semillas Forrajeras

Training and Conferences
Capacitacion y Conferencias

Senior staff

* Fernando Fernandez, Ph.D.,
Soil Scientist, Coordinator
Cientifico de Suelos, Coordinador

134

General administrative services staff
Personal de servicios administrativos
generales

Alfredo Caldas, M.S.,
Admissions Administrator
Administrador de Admisiones

Data 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
Agroecoldgicos

Senior staff

Peter Jones, Ph.D.,
Agrometeorologist, Computer Scientist,
Head
Agrometeorologo, Cientifico de Sistemas,
Jefe

General administrative services staff

Personal de servicios administrativos
generales

Maria Cristina Amézquita de Quifionez, Dipl.
Math. Stat.,

Head, Biometrics
Dipl. Estad. Matem., Jefe, Biometria

Communication/Information
Support Unit
Unidad de Apoyo en
Comunicaciones €
Informacién
Senior staff
Susan C. Harris, M.L.S,,

Information Specialist, Head
Especialista en Informacién, Jefe

* left during 1985.
* Se retird en 1985,



Susana Amaya, Ph.D.,
Senior Editor, Publications/Editing
Editora Principal, Publicaciones/ Editoriales

Jack Reeves, J.D.,
Senior Writer, Writing and Development
Escritor Principal, Redaccion

Senior research fellow
Jairo Cano, Ph.D.,
Communication Specialist, Head
Audiotutorials
Especialistaen Comunicacion,
Jefede Audiotutoriales
Visiting editor
Editora visitante
* Carol Dagnon, M.S.,
English Editor, Publications/ Editing
Editorade inglés, Publicaciones/ Editoriales

General administrative services staff

Personal de servicios administrativos
generales

Walter Correa, Ph.D.,
Head, Graphic Arts/ Production
Jefe, Artes Graficas/ Produccién

Experimental Stations
Operations

Opcraciones de las Fstaciones
Fxperimentales

Senior staff

Alfenso Diaz-Duréan, M.S., P.E.,
Superintendent
Superintendente

Special Projects

Proyectos Especiales

Biological Nitrogen Fixation Project

Provecto de Fijacion Biologica de
Nitrogeno

Senior research fellow

David J. Harris, Ph.D.,

Agronomy/Soils
Agronomia/Suelos

CIMMYT/CIAT Andean Region
Maize Project

Provecto CIMMY T/CIAT de My
para la Region Anding

Associate member senior staff

Miembro asociado del senior staff

Gonzalo Granados, Ph.D.,
Entomologist, Head
Entomélogo, Jefe

Shivaji Pandey, Ph.D.,
Plant Breeder, Andean Regional Services
Fitomejorador, Servicios Regionales
Andinos

IFDC/CIAT Phosphorus Project
Provecto F'osloro THDC/CIA T

Senior staff

Luis Alfredo Ledn, Ph.D.,
Soil Scientist, Head
Cientifico de Suclos, Jefe

Jacqueline A. Ashby, Ph.D.,
Rural Sociologist, Sociology
Sociologa Rural, Sociologia

Adolfo Martinez, Ph.D.,
Agricultural Economist
Economista agricola

Posdoctoral ‘ellow

Fellow posdoctoral

Scott Guggenheim, Ph.D.,,
Anthropology
Antropologia

INTSOY/ICA/CIAT Project
Proyecto INTSONY/TCAZCIAT
Associate member senior staff
Miembro ahvociado del senior staff

Luis H. Camacho, Ph.D.,
Plant Breeder, Head
Fitomejorador, Jefe

———

* Left during 1985
* SNeretad en U8,



INTSORMIL/CIAT Regional
Sorghum Project

Proyecto Regional de Sorgo
INTSORMIL/CIAT

Associate member senior staff
Micmbro asociado del senior staff
Catalino 1. Flores, Ph.D.,
Plant Breeder, Head
Fitomejorador, Jefe

* Lynn Gourley, Ph.D.,
Plant Breeder, Head
Fitomejorador, Jefe

CIP Regional Representation
Representacion Regional de CHP

Associate members senior staff
Miembros asaciados del senior staff
Oscar Malamud, Ph.D.,
Liaison Officer, Head (stationed in Bogota,
Colombia)
Funcionario de Enlace, Jefe (con sedc en
Bogot4, Colombia)

Jan Henfling, Ph.D.,
Liaison Officer (stationed in Medellin,
Colombia)
Funcionario de Enlace (con sede en
Medellin, Colombia)

IBPGR Regional
Representation
Representacion Regional

del CIRI

Associate member scnior staff

Micmbro asociado del senior staff

Miguel Holle, Ph.D,,
IBPGR Regional Representative for Latin
America
Representante Regional del CIRF para
América Latina
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Finance and Administration
Finanzas vy Administracion
Senior staff

Bernard Henrie, M.B.A.,
Director

* Andrew V. Urquhart, F.C.A., Director

Administrative Systems and
Procedures

Sistemas y Procedimientos
Administrativos

General administrative services staff
Héctor Villalobos,

Ind. Eng., Head

Ing. Ind., Jefe

Controller’s Office
Oficina del Contralor

General administrative services staff
Personal de servicios administratives generales
Alejandro Rebolledo,
Com. Eng. and C.P.T., Controller
Ingeniero Comercial y C.P.T., Contralor

Administration
Administracion

Senior staff

Jesus Antonio Cuéllar, M.B.A.,
Executive Officer
Administrador Ejecutivo

General administrative services staff
Personalde servicios administrativos generales
Harold Dominguez, Agr. Eng.,

Head, Station Operations

Ing. Agr., Jefe, Operaciones de las

Estaciones

Jests A. Vergara, Bus. Adm.,
Head, General Services (stationed in
Carimnagua)
Adm. Einpr., Jefe, Servicios Generales (con
sede en Carimagua)

* Left during 1985.
* Seoretird en 1985,



Food and Housing
Alimentos y Vivienda

General administrative services staff
Personalde servicios administrativos generales
David Evans,

Head

Jefe

Human Resources
Recursos Humanos

General administrative services staff
Personal de servicios administrativos generales
German Vargas, M.B.A,,

Head

Jefe

Maintenance Services
Scrvicios de Mantenimiento

Gencral administrative services staff
Personal de servicios administrativos generales
German Gutiérrez,

Mech. Eng., Head

Ing. Mec., Jefe

Supplies

Suministros

General administrative services staff
Personal de servicios administrativos generales
Luis Antonio Osorio,
Ind. Eng., Head
Ing. Ind., Jefe
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The CGIAR System

The Consultative Group on International
Agricultural Research (CGIAR) was formed
in 1971, The CGIAR is an association of
countries, international and regional organiza-
tions, and private foundations dedicated to
supporting a system of agricultura! research
centers and programs around the world. There
are currently 13 of them: nine research centers
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El Sistema CGIAR

El Grupo Consultivo para la Investigacion
Agricola Internacional (CGIAR) se formo en
1971, Estaasociacion de paises, organizaciones
internacionales y regionales, y fundaciones
privadas esta dedicada a apoyar un sistema de



and four associated organizations which pro-
vide research support. The purpose of the
rescarch effort is to improve the quantity and
quality of food production in developing coun-
trics.

The World Bank, the Food and Agriculture
Organization of the United Nations (FAQ),
and the United Nations Development Pro-
gramme (UNDP) are cosponsors of the effort,
The World Bank provides the CGIAR's chair-
man and secretariat. The 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
tl.2 system.

The nine international agricultural research
centers and four associated organizations have
the following headquarters and research re-
sponsibilitics:

Africa

* International Institute of Tropical Agricul-
ture (II'TA), Ibadan, Nigeria: farming sys-
tems, maize, rice, roots and tubers (sweet
potatocs, cassava, yams), and food legumes
(cowpea, lima beans, soybcan).

* International Laboratory for Rescarch on
Animal Discases (1LRAD), Nairobi, Kenya:
trypanosomiasis and theileriosis of cattle.

* International Livestock Center for Africa
(H.CA). Addis Ababa, Ethiopia: livestock
production systems.

* West Africa Rice Development Associstion
(WARDA), Monrovia, Liberia: rice.

Asia

* International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), Hyde-
rabad, India: chickpea, pigeonpea, pearl
millet, sorghum, groundnut, and farming
systems.

* International Rice Rescarch Institute
(IRRI), Los Bafios, Philippines: rice.

Europe and the United States
* International Board for Plant Genetic Re-

I3 centros v programas de Investigacion agri-
cola en el mundo. de los cuales nueve son
centros vewatroson organt aciones asociadas.
El proposito de este estuerzo de mvestigacion
es mejorar e cantidad v calidad de produc-
cton de alimentos en los paises en desarrollo.

U Banco Mundial, la Orgamzacion de las
Naciones Unidas para T Agricultura v oo
Almentacion (1-AO). voel Programa Je las
Naciones Unidas para o Desarroflo (PN
sortloscopatrosmadores acl sistema, El Banco
Muandial provee Lo presidenen Vol seeretara
del COEARE e cucnta con b asesoria de un
Compe 1eenco \senor cing searetania es pro-
Vst per s tres copatrociadores v tiene su
sedeen i FAOL Ropna,

Fn T986 L CGIAR cuenta con 40 membros
qienes apertaron cercie de s 18O nalfones de
dotares al sistemi,

Los naeve centros iternacionales de inves-
bgadion agticoia v Lis cuatro organizaciones
Asoctadas tienen Las signientes sedes vrespon-

sabilidades de mvestgacion,

Alrica

* Asoctacton de Africa Oceidental para el
Diesarrollo del Arros (WARDA). Monro-
vid, Laberias arroy

= inutituto internactonal de Apricultura Tro-
pical (ITTA), Thadun, Nigernn sistemas de
produccionde cultivos, maiz arroz, raices v
tubcreulos thatatas, yuca. fame), lepumino-
sis comestibles (caupis frijol lima. sovi).

* Laboratorio Internacional de v estigacton
e bnfermedades Animales (11 RAD). Nai-
robic Kentas tiipanosaoniiasis v teileriosis del
ganado,

* Centro Internacional de Ganaderin pira
Attica (ILCA), Addis Abeha, Itiopia: sis-
tentis de produccton animal,

Amcrica Latina

* Centro Iternacional de Agricultura | ropi-
cal (CTAT). Cahe Colombin: vuca, frijol
comin, arros vopastos tropiciles.

* Centro Internacional de Mcejoramicento de
Maiz v Trigo (CIMMY 1), L Batdn, Mexi-
cotomaizovotrigo,







