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Foreword

T he readers of CIAT
Report 1983 will find
two interrelated threads
woven throughout the
robust fabric of solid
technical progress.
Decentralization and
networking, which bind
CIAT’s programs ever more
firmly to the larger canvas
of the national research
systems, have always been
key components in CIAT's
philosophy. Their growing
importance today, however,
is a result of substantial
recent progress. The
impressive technological
achievements summarized
in this report demonstrate
that a solid scientific base
has been laid at
headquarters so that a
stronger move toward
decentralization is now
possible. This cannot be
implemented withaut the
continued strengthening of
the corresponding programs
in national research systems
to provide a strong
partnership for networks of
collaborative activities.

The most obvious
example of decentralization
is in the area of crop
improvement, where
national programs play an
increasingly important role
in the advanced selection of
segregating materials to
develop new improved
varieties for their own
specific conditions. As
national programs become
ever stronger partners in the
generation of improved
production technology, the
role of networking becomes
more important in order for
the technology developed
by various components of
the network 1o be tested
and shared in a system of
horizontal transfer. Such
networking activities also
provide the national
programs with an important
voice in the design and
execution of the
collaborative international
testing nurseries.

Another aspect of
decentralization, building
on the fruits of previous
training and cooperation, is

m
the increasing proportion of
CIAT's training efforts

devoted to helping national
programs conduct their own
in-country training courses.

The achievements
summarized in this report
were accomplished during a
period of consolidation.
During 1982, in preparation
for the reduced budget in
1983, it was necessary to
phase out a number of
program activities in order
to decrease the number of
senior staff positions from 62
in 1982 to 54. The fact that
the programs remained so
productive and the scientists
enthusiastic about their
work in the face of these
painful reductions is a
testimony to the high quality
and dedication of CIAT staff
and the stimulation that
comes from the progress
being made.

John L. Nickel
Director General
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CIAT’s
Mandate

he purpose and approach

of CIAT—one of several
agricultural research centers
under the aegis of the
Consultative Group on
International Agricultural
Research (CGIAR)— is given in
the following statement of
objectives:

To generate and deliver, in
collaboration with national and
regional institutions, improved
tehnology which will contribute to
increased production, produclivity,
and quality of specific food
commoeodities in the tropics—
principally countries in Lalin
America and the Caribbean—
thereby enabling producers and
cansumers. especially those with
fimited respurces, 1o increase their
purchasing power and improve their
nutrition

The CIAT strategy to
accomplish these objectives is
summarized by the following
statements regarding resource
emphasis. commodity choice,
institutional role, and scope of
activities.

Resource emphasis. CIAT's
strategy emphasizes enhanced
production through increased
resource productivity on farms
with limited resources and on
underutilized land areas. By
contributing to the
improvement of productivity on
small- and medium-scale farms,
the center seeks to provide for
increased rural income and
employment, moderate and
stable food prices, and improved

diets, especially of the low-
income, urban and rural
population. Technology which
contributes 10 expansion of
agricultural production of
suilable commodities on the
less fertile frontier lands makes
possible the release of the more
fertile lands for maximum crop
culiivation, thus achieving more
efficient food and animal
production using both poor and
fertile land resources, to meet
consumer demands.

Commodity choice.
Commodities to be included
under CIAT's mandate are
predominantly food staples.




All CIAT’s activities are viewed as
complementary to those of other
international and national organizations.

Each commodity has one or
more of the following altributes:
it ts a relatively inexpensive
source of calories; it is a
relatively inexpensive source of
protein; il is an important
component in the food budget
of fow-income consumers in the
geographic region of emphasis.
Commuodities are selected for
their potential to augment the
productivity and incomes of
farmers with limited resources
and/or 1o contribute 1o
increasing agricultural
production on exjsling
cultivated lands or in the
agricultural frontier.

Institutional role. A hasic
premise of CIAT's strategy is
that it represents only one smalt
segment of the agricultural
research and developmennt
maltrix, All center activities,
therefore, are viewed as
complementary to those of
other organizations. Linkage to
other closely related activities is
essential in developing effective
research networks that capture
economies of scale in research
on the chosen commodities.
Such activities include the
following three groups: national
research and extension systems,
specialized research
institutions, and related
international prograrmts

The most important interface
is with national research
systems. In parinership with
these programs, CIAT
concentrates on activities for
which CIAT has a clear
comparative advantage and the
results of which have
international transferability.
Such activilies include the
assembly of germplasm banks;
large-scale screening, crossing,
and selection; methodolegy
development; and information
services. CIAT attempts to
strengthen collaboration and 1o
encourage horizontal
technology transfer among
national programs by helping to
develop and strengthen
research networks. Active
training and conference
programs serve to fortify
national research systems, as
well as the network activities.

Basic research institutions in
both developed and developing
countries are linked with CIAT
activities 1o provide selected
research inputs and specialized
research services that
complement and support CIAT's
more problem-solving research.

The principle of
complementarity alsa applies to
other international institutions,
especially sister centers within
the CGIAR system. Through
informal discussions and formal
agreements, cooperation and
division of labor is defined to
maximize the benefits of
comparative advantage and
minimize duplication.

Scope of activities. CIAT's
efforts are predominantly
focused on the American
ropics. Its commodities are
selected for their importance in
this region. Yet, given that
within the CGIAR sysiems the
center has been assigned
broader responsibilities for given
commedities, CIAT is
differentiating functional
responsibilities on the basis of
the following categories: 11}
Principal, and (2] Regional.

Principal, For commodities for
which CIAT is assigned a
principal mandate, CIAT
assumes the following
responsibilities:

1. Assemble, maintain, and make
available the world
germplasm collection;

2. Conduct specialized, strategic
research;

3. Generale improved
production technology com-
ponents for, and develop
cooperative aclivilies with,
national research systems in
all regions in the developing
world where the commodity
is important, and no sister
CGIAR center is assuming
regional responsibilities;



. Provide in-service training

for professionals in the
specialized/strategic areas of
research on a global basis;

. Provide specialized in-service
and production-oriented
training for professionals
trom countries where no other
CGIAR center has area-specific
responsibilities;

Callect, process, and
disseminate information on
the commodity on a global
basis;

. Backstop the activities of other
institution(s), if any, with
regional responsibilities

for that commodity.

Regional. This category applies
when a sister CGIAR center has
worldwide responsibilities for a
commodity, and, in close
cooperation with that center,
CIAT takes on selected
responsibililies, especially No. 3
and No. 5, Together with
national research systems it
identifies principal production
constraints, and, in close
collaboration with the center
having responsibility, seeks to
facilitate such activities as are
required 10 overcome such
constraints.

Current Mandate

In order to achieve the
objectives and apply the strategy
described above, and, taking
into account the results of
socioeconomic sludies and the
mandates of other centers, the
CIAT programs have evolved to
currently encompass the
following responsibilities:

1. Principal responsibilities for
beans { Phaseolus vulgaris
and related species) and
cassava (Manihot esculental;

2. Principal responsibilities for
tropical pastures
Ispecific responsibilities
for the acid, infertile soils
of the American tropics);

3. Regional responsibilities for
rice (specific responsibilities
for the American tropics).
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First priority is assigned to breeding for
improved characters and then combining
these to meet location-specific needs and

consumer preferences.

ithin the framework of CIAT's

philosophical and operational approach
to agricultural development, the objective of the
Bean Program is to develop, in close collaboration
with national agricultural research and
development agencies, technology that will
increase production and productivity of beans.

A wealth of information collected by CIAT and
its collaborators shows that the large majority of
bean farmers in the tropics and subtropics are
small holders with limited capital and restricted
access to credit and reliable technical information
to raise farm level productivity. Current yields are
low: in Latin American counlries they range from
350 to 1200 kg/ha, with an average of 550.
Productivily in other major bean-producing
regions in Africa and the Middle East is also
within this range. Farmers, however, have demon-
strated potential yield levels of over 3000 kg/ha.

The principal factors responsible for these low
yields are high disease and insect pressures: more
than 200 diseases and insect species have been
identified that can cause economically significant
damage to Phaseolus vulgaris, for instance. Other
problems include traditional low-densily
plantings and the general reluctance to use
fertilizers 1o correct poor soils, due 1o the risk that
diseases or droughts might severcly damage the
farmer's crop.

Thus, the CIAT Bean Program assigns first
priority to breeding for improved bean varietics
that provide reliable yield performance over time;
this is accomplished by developing varieties with
multiple disease and pest resistance and with
acceptable levels of drought tolerance. For the
longer term, the Bean Program aims to genetically
develop bean plants with tolerance to moderately
acid soils and with improved symbiotic N,
fixation. In addition, the Program seeks to improve
crop management practices to further enhance
varietal performance. In all its technology
development efforts, the Bean Program focuses on
the production problems of the small farmer and

stresses the concept of minimum-purchased
inputs to assure that production technology is
within the reach of the bean farmer. The Program,
however, also cooperates with large tarmers in
such areas as Argentina, Brazil, Mexico

and Kenva.

For widespread acceptance, the new varieties
must meet consumer preferences for seed size
and seed coat color and fit into the farmers’
cropping systems, which often include maize in
direct association or relay cropping. Such
requirements often block use of the varieties that
are most disease- and pest-resistant and highest
vielding, which have become available from the
crop improvement efforts.

Given the multitude of cropping systems,
ecological zones, and consumer preferences for
which improved bean varieties must be
develaped, it is evident that success can only be
achieved through a two-tiered approach. First, the
CIAT Bean Program identifies and develops
promising parental material and other basic
elements of production technology; then, from
these materials, collaborating national bean
programs will develop their own improved bean
varieties and attendant cultural practices in
accordance with their particular needs. Such
decentralizalion in technology development
requires a high level of technical compelence at
the national level. To help bring this about and
nurture it, extensive and persisient manpower
development efforts are undertaken by the Bean
Program to develop a true international
cooperation.

In 1982, the 10th year of interdisciplinary bean
improvement work by CIAT, the Bean Program
had sections devoted to plant breeding, pathology,
entomology, microbiology. nutritional quality,
agronomy, on-farm research, economics,
international testing, and germplasm
collection/systematization. Technology
development is achieved through three general
phases. First, production constraints and research



Intensive collaboration with the Colombian national legume program of 1CA

enables germplasm evaluation in contrasting environments. At ICA-Obonuco at
2700 masl, for instance, beans and maize in association are being tested.

priorities are monitored; then, they are tackled by
systematic genelic development of maxirmum
levels of the desired character expression. Finally,
resulling lines with high levels of specific trait
expressions are used, both at CIAT and at the
national level, to obtain multiple-factor
recombinations in commerciallv aceeptable hean
cultivars,

Newly developed lines enter a Lhree-stage,
uniform nursery evaluation scheme:

1. VEF Vivero del Equipo de Frijol (Bean
Team Nursery). Evaluation of agro-
ecological adaptation and

disease resistance.

Z EP Ensayo Preliminar de Rendimiento
(Preliminary Yield Trial). Confirmation
of disease resistances and evaluation
of yvield potential and seed

quality.

International Bean Vield and
Adaptation Nursery. International
evalualion in various agroecological
dareas.

3. IBYAN

All three nurseries are conducted on a calendar-
year basis. National programs also enter their best
hybrid lines into this testing scheme to help
ensure that superior materals are freelv available

to anyone who wishes o receive the full nurseries
or selected parts of them. Separate yearly reports
on these nurseries are available from CIAT.

A series of disease- and insect-resistance
nurseries are also evaluated within the
international network to sort out race complexes
of pathogens, to identity sources of wide
resistance, and to identify area-specific parental
adaptalion. International nurseries for drought,
nitrogen fixation (Rhizobium strains as well as
bean lines), and selected diseases and insects not
ocurting in Colombia. are also organized.

Collaborating national agencies now have
increased capacity to develop bean lines uniquely
suited to the complex of given production
constraints, production systems, and consumer
preferences. This aliows the Bean Program to
devote more attention to developing segregating
populations and early generation progenies for
specific bean-growing regions for further
evaluation and selection by technical personnel of
collaborating national programs. The Bean
Program is thus fast approaching the stage at
which the already firmly established inlernational
bean research network becomes an international
research program of mutually interdependent
factors.



Summary of Achievements

At this lime, improved parental materials have
been identified by the Bean Program to help
overcome the major limiting production factors.
For the last 2 years, resistance to bean common
mosaic virus, one of the principal diseases, has
been incorporated into all lines leaving CIAT.
Resistance breeding for, amaong others, angular
leafspot, Ascochyta leafblight, bean golden mosaic
virus, common bacterial blight, and rust has
already resulted in the availability of bean varieties
resistant to these diseases. Similar progress has
been achieved in breeding for resistance to such
insect pests as the bean podweevil, the beanfly,
bruchids, and the leafbopper. New plant types
have been developed with improved plant
architecture; bean lines with enhanced capacity to
fix atmospheric nitrogen have been bred; and
bean lines with superior performance under low
phosphorus availability have been identified.

A large number of improved lines combining up
to five desired characters has already advanced
successfully through the entire series of

evaluation tests organized by the Bean Program.
Commercially acceptable improved lines are now
available for nearly all principal bean production
areas in Latin America and the Caribbean, and
they are now being tested extensively in Africa.
By the end of 1982, seven collaborating
countries had alreadv launched a tolal of 13
commercial varieties based on malterials received
from CIAT. An additional 12 lines had been
identified by eight countries as varielies 1o be
released shortly and were undergoing seed
multiplication. A further 24 promising linecs were
in advanced evatualions in 10 countries. The three
major bean-producing countries in Lalin America,
Argentina, Brazil, and Mexico, have already
released improved lines from CIAT as new
varieties. And, in Costa Rica, Cuba, Guatemala,
Honduras, and Mexico, improved varieties have
reached the farmer level, where they are
beginning to have an impact on total production
In Africa, in Burundi and the Republic of South
Africa, the first hean lines have just been released.

Germplasm Base
for Genetic Improvement

Phaseolus beans are distributed worldwide: they
are cullivated in the tropics, the subtropics, and
the temperate zones, and in many regions they
are considered staple foods. While more than 30
Phaseolus species have been described, only four
are cultivated. Of the latter, the common bean,
P. vulgaris, is the most widely grown. The remain-
ing three cultivated species are scarlet runner
beans (P. coccineus), 1epary beans (P, acutifolius),
and lima beans (P. lunatus).

Within the international center’s system, CIAT
has global responsibility for collection and

preservation of germplasm of the genus Phaseolus.
In late 1982, six years after formally assuming this
responsibility, the CIAT germplasm collection
contained more than 32,000 accessions embracing
the four cultivated species, their wild ancestors,
and the noncultivated species (Table 1). This
germplasm has been obtained through donations
from national germplasm banks and collection
expeditions to the centers of origin and
dispersion. Also included in the bank are the most
promising progenies resulting from the
hybridization efforts at CIAT.



In a Colombian regional trial, small farmers
in the town of Pescador thresh beans from
small evaluation plois (o measure the
response to fertilization with rock phosphate.

Aside from the cbvious task of gathering as
much as possible of the eaisting variability in
Phaseolus beans to prevent loss of genelic
variahility, a major challenge is to measury, or
(uanlifv, the variability of the germplasm,
especially for the commaon hean. Another
challenge is to make effective use of the related
species Hertiary gene pools), as a means not only
to improve the common bean but also 1o pursue
the possibility of using those species as crops in
environments where P. vulgaris cannot be adapted
or has many limitations. A better understanding of
the real variability and of the phvlogenetical
relationships will be a powerful toel for bean
breeders in making more efficient use of the
available germplasm base.

Table 1. Status of Phaseolus bean collection
held at CIAT (December 1982).

Species Accessions {no.}

Cultivated spp. and their
wild ancestors

Origin and Representation

. ) . :
in CIAT’s Collection P. vulgaris 28,874

P. lunatus 2,344
Distribution of P. vuigar's as a crop ranges from P coccineus 1,082
0 to 3000 mas), and from 0 to 42° latitude, P. acutifolius 148

N and §, requiring a broad genetic variability.
Archeological findings in Mesoamerica and the
availability of a large number of wild ancestral and
wild nencultivated forms of the genus there Total 32,532

suggest that the Mexico/Gualemala area is the
center of origin for the commaon bean. However,
since the expeditions of Colombus, the conumon
bean was geographically dispersed and thus has
been adapted to many new areas oulside the

wild, noncultivated spp.
{10 species) 84

Table 2. Geographical origin of Phaseolus
vulgaris germplasm held at CIAT.

Americas. This has resulted in several secondary Region Agggssions (R0.)
centers of dispersion, which, in many cases, are

400 years old. About 70" of the nearly 29,000 North Americ‘a 9568
accessions of P. vulgaris in the CIAT germplasm E:;‘;:}rgle:;merlca 52;2
bank have their origins in the Americas, but South America, Andean Zone 3692
almost 9000 accessions hive been obtained from South America, non-Andean Zone 1361
Eurcpe, Afiica, and Asia/Oceania (Table 2. Such Europe 6463
malterials are also sources for local adaptation in Africa 2065
improvement programs. Active collection efforts Asia/Ocelnia 424

for P. vilgaris continue to be assigned high Total 28,874

priority by CIAT in narrow collaboration with the
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Figure 1. Seed color distribution of germplasm
bank accessions of P, vulgaris.

International Board for Plant Genetic Resources
(IBPGR)Y with special emphasis being placed on
areas with advanced genetic erosion and with a
high probability of finding land races and wild
forms of the cultivar.

Processing of New Accessions

Small seed samples of new accessions are
received and increased at CIAT, in collaboration
with the Colombian Agricultural Research
Institute [ICAL which has national responsibilily
for phytosaniry controls. Since sced quality is of
utmost concern, the first increase is slow and
laborious, and some 700 accesstons are processed
in each of the four yearly cycles. The resulling
seed is taken to an isolated field in a dry area,
where the incidence of bacteria and fungi is low.
After a second increase, seed samples are

1. Many of the ClAT-arganized colleclion expedilions are
cosponsored by IBPGR. since 1978, such cospensored
collection trips included expeditions (o Mexico, the
Merfan Peninsula, Peru, Brazil, and several Afiican
countrigs. In 1982, 1BPGR has greatly expanded its capaciy
to coniribute 1o 1he collection of several rrop species
in Lalin America—including ficid beans—with the
appainiment of a regional 1BPGR officer posted at CIAT,
Future collections will concentrate on Mexico and the
Andean highlands

provided 1o breeders for identification of potential
progenilors. The remaining seed is stored, and
part of it is used for morphoagronomic
characterization. To date, some 15,500
accessions—maore than 50" of the present
germplasm collection— have undergone seed
multiplication.

Morphoagronomic
Characterization of
Primary Gene Pool

In the morphoagronomic characterization
process, each accession is described in terms of
27 variables, including collection information,
taxonomical identification, and readily discernible
heritable characters. To date, more than 12,000
accessions have been characterized and the
information maintained in computer files.

To produce improved, commercially viable bean
lines, the description of seed size, shape, color,
and brilliance are important variables for the bean
breeder. Figure 1 summarizes the distribution of
seed color of all common bean accessions
currently available in the germplasm bank.
Characterization dala are being used to cluster
germplasm accessions into groups of similar
values on the various parameters. This will help
breeders in selecting parents with a widely
different genetic base.

Evaluation of Potential
Usefulness of Secondary and
Tertiary Gene Pools

while the primary gene pool (i.e, extant cultivars
and landraces) of P. vulgaris contains a
considerable genetic variability, a large degree of
additional variability could be harnessed through
access to the secondary gene pool (i.e., wild
relatives or ancestors) of the species, or even the



CIAT’s answer to the challenge of

increasing agricultural production is to
modify the plant’s genetic composition as

a low-external input alternative.

tertiary gene pool of the commeoen bean l1.e, other
species that can exchange genes with the cultivar
in spite of some genetic barriersi.

The secondary gene pool of £. vulgaris has
already proved highly relevant as a source of
resistance to stored grain insects (see CIAT Report
1982i1. To explare the possibility of having access
to the tertiary gene pool, CIAT and the University
of Gembloux (Belgiumi are collaborating in a
project aiming at increasing the variability of the
common hean through interspecific hybridization
with other species of the genus, especially
P coccinens,

Seed Distribution

In its germplasm-management operation, the
CIAT Bean Program provides seed and seed-
related information services to bean workers as
requested. In the period 1977-1982, a 1otal of 262
requests, from all parts of the world, for nearly
22,000 bean samples were processed. In addition,
the bank sent more than 45,000 samples for
preliminary selection in pest and disease
nurseries to the CIAT Bean Network.

The Central American Bean Project serves as a liaison between national programs

and CIAT in the development and release of improved varieties for commercial
production (left). These cultivars, carrying a package of desirable characteristics,

" have resulted from the prolonged and continuous breeding efforts of national

and international agencies, such as those carried out in CIAT by the University of

Cembloux, Belgium (right).




Identification and Development
of Desirable Characteristics

A large portion of the differential between
potential and actual yields is due to the numerous
hiotic and edaphic factors that severely limit bean
production in Latin America and Africa.

One way to confront such negative production-
influencing factors is through improved control of
the environment, using insectides, fungicides,
irrigation, drainage, fertilization, and the like.
However, the average Lalin American bean
farmer—a small farmer-—can ill afford the high
external input costs required by this approach.

A more realistic approach, and one emphasized
by the Bean Program, is 1o counter these factors
by madifying the plant genetic composition,
allowing the plant to naturally resist them. This
implies incorporation into the bean plant of such
desirable characteristics as resistances to diseases.
drought, and so on. This is CIAT's answer to the
challenge of increasing agricultural production. It
clearly is a low external-input alternative; it offers
moderately high and stable yields; it is
environment friendly; it implies low risk to the
producer; and it is applicable to the low resource
farmer. It has not been possible to find levels of
resistance or tolerance sufticient to genetically
resolve all principal constraints, however.

The genelic improvement process used by the
Bean Program follows two distinct, consecutive
phases: character improvement—the development
of high-level and stable expression of individual
characters in bean lines, irrespective of color and
seed sizes (this section]; and character
recombination—the development of cullivars that
incorporate a combination of improved characters
and meet agronomic and consumer requirements
specific to the intended production region [next
section].

The process of prioritizing characters for further
improvement goes bevond the mere consideration

of economic benefits (yieldsi to be reaped from
improved varieties. To be sure, the quest for
protection against such widespread and
devastaling pests as anthracnose and

Entries resistant or
intermediately resistant (%)

100

1982 EP
80 1
50
40

1979 EP

20

I | | :

Anthracnose Rust  Ascochyta Angular Common
feafspot leafspot  bactenal
blight

Disease

Figure 2. Comparison between the percentage of
entries resistant and intermediately resistant to
various diseases in the 1979 £P (total of 180
entries) and in the 1982 P (total of 304 entries).
In the case of angular leafspot, the technique
used to identify the disease was properly
established after 71979; thus, the 53.6% reported
in 1982 is a more accurate figure.



Germplasm is carefully evaluated for
desirable characteristics, such as resistance
to pests and diseases, before moving into
the recombination phase.

leathoppers—which can completelv wipe out a
bean crop—have moved the search for genelic
resistance to these problems to the top of the
priority list. A less widespread problem—bacterial
blight—is as important, however, because it is
virtually impossihle to contral it by any other
means. Although the seed-borne disease bean
common mosaic virus IBCMVI causes less severe
vield losses than others, genetic resistance to it is
assigned high priority because it eliminates one of
the mast important phytosanitary barriers to free
international movement of bean seed.

A slill different criterion for priority assignment
is represented hy the case of webblight, a
devastating disease in the lower humid tropics
that effectively limits large-scale bean production
in these areas. Only low levels of resistance have
been identified in the germplasm thus far; also
missing is a reliable screening methodology for
webblight resistance. These reasons. and the fact
that this disease has nat been studied elsewhere,
which would provide data upon which CIAT
could build, traditionally caused CIAT to relegate
webblight to a lower priority class. Recently,
however, after encouraging progress has been
registered with high priorily disease resistances,
the Bean Program has been able to pay increased
attention to webblight.

Such varied considerations help the Bean
Program bring some order into the perplexing
spectrum of diseases and insects that attack beans
in the tropics where no severe winters reduce
pest incidences and where often more virulent
isolates of pathogens exist than in cooler
production zones. With so many biotic factors
competing for attention, it can readily be seen
why initial emphasis must ofien be placed on
simple, inherited disease resistance that results in
quick salutions which may be relatively short-
lived, but nevertheless provide the opportunity to
simultaneously tackle a series of biotic problems
and provide time to develop more stable types of
resistance, enhanced by integrated control

methods, which reduce dependence on high
levels of resistance. In addition, improved pest
resistances are not the only characters that vie for
ittention: equally important factors are related to
the use of available nutrients, drought tolerance,
nitrogen fiaation capacity, and architectural
characteristics.

Continued progress in character improvement
is shown in Figure 2, which compares the first EP,
caonducted in 1979, with the 1982 EP in terms of
percentages of the respective entries that were
either resistant or intermediately resistant to
angular leafspat, anthracnose, Ascochyta leafspot,
bacterial blight, and rust.

Already, a high percentage of the new bean
lines produced at CIAT are resistant to the high-
priority diseases. With the availability of a
considerable pool of lines——representing a variety
of commercial bean types resistant to any one
priority disease—the Bean Program has reached
the stage where many of the basic building blocks
for the development of commercial Jines that meet
consumer and agronomic requirements for most
bean-growing regions are in place.

Below is a summary of the status of character
improvement efforts in the Bean Program, with
special emphasis on achievements in 1982

Angular leafspot. Extensive testing in
Argentina and Brazil of Jarge numbers of newly
developed bean lines with different sources of
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resistance has allowed the differentiation between
races of the angular leafspot fungus, caused by
Isarippsis griseola, in Argentina, Brazil, and
Colombia. While CIAT lines A 160, A 210, and BAT
332 are resistant in Colombia, they are susceptible
in Brazil; the reverse holds true for lines A 339 and
A 340 Lines A 140 and A 154, among others, are
resistant in both countries.

Anthracnose. Anthracnose-resistant bean
cultivars have been grown extensively and
successfully in Europe, North America, and some
regions of Latin America. Many of these
materials—most prominently, Cornell 49-242—
have been used as sources for resistance breeding.
Nevertheless, resistance by these sources
conferred upon commercial cultivars in many
regions of Latin America and Africa is effective
only for short periods, or is not effective at all.
Data obtained shows the pathogenic variation
present in Latin America to be far greater than
that in temperate regions. Thus, some cultivars
with resistance to all known races in Europe and
in the United States (BAT 841, BAT 44, Amapola del
Camino! are susceplible to several Mexican
isolates of the pathogen Cofletatrichum
{indemuthianum under both field and greenhouse
conditions.

To identify new and broadly applicable sources
of resistance, since 1878, 15,500 bean lines have
already been evaluated. Several of these, including
lines G 2338, G 3991, G 4032, G 5653, G 6975,

G 7199, G 8519, and G 1106, are also resistant 10
angular leafspot. After a series of trials, these
newly identified sources have maintained their
resistance under fietd conditions in several
locations throughout Latin America: under
greenhouse conditions. thay have held their own
against isolates from different parts of the world.
These sources of resistance represent a range of
grain colors, growth habits, and geographic
origins and are now being used in the crossing
blocks. Selected lines that have already been

developed combine up to four different
anthracnose-resistance sources.

The Bean Program is also investigating
intermediate levels of resistance and resistance
related to certain development stages of the bean
plant. In the latter research, for example, seedlings
of ICA-Llanogrande (E 1056), a variety resistant
under field conditions in anthracnose-endemic
areas, showed a marked susceptible reaction
when inoculated under greenhouse conditions.
Plants older than 3 weeks, however, showed only
very mild or no anthracnose susceptibility under
greenhouse condilions, suggesting some form of
adult resistance Work on this aspect is
conlinuing.

Bean common mosaic virus (BCMV). In
1982, the Bean Program confirmed the availability
of BCMV-resistant lines with red seed color,
successfully breaking the negative linkage berween
BCMV (I genel susceptibility and the desired red
seed coat color. With this development, Canario
remains the only important grain type for which
BCMV resistance has not been identified. Due to
the importance of necrotic-inducing BCMV strains
in selected bean-growing areas, such as Chile and
Eastern Africa, the Program has stepped up the
development of tropically adapted lines
containing I-gene resistance to BCMV, combined
with the recessive genes, a combination that
confers more stable resistance.

Bean golden mosaic virus (BGMV),
Breeding for resistance to BGMV began in 1973
with the evaluation of germplasm accessions in
Central America and Brazil. Hybrid lines with
black opague seed and high levels of BGMV
tolerance were selected in a cotlaborative program
with the Institute of Science and Agricultural
Technology (ICTA) in Guatemala. They were
identified in the late 1970s and gave rise to several
outstanding bean varieties (e.g. ICTA-Quetzal,
[CTA-Jutiapan, eic.), which, in several countries,



have already been passed on to bean producers.
Another offspring from these selections, line
D-145, was released in Mexico in 1982 under the
name of Negro Huasteco 81.

Progress in small-seeded red varieties for
El Salvador and medium-sized red-mottled.
determinate varieties for the Dominican Republic
has been slower. Nevertheless, through the
international BGMV nurseries conducted in 1979
and 1980, several nonblack resistance sources
were identified from hybrid lines produced at
CIAT in Brazil. From interspecific crosses, BGMV
resistance lines were also identified in Guatemala.
Additional crosses were made, and promising red-
seed selections are currently being tested in
preliminary yield trials.

Bean chlorotic mottle virus (BCIMV).
BCIMV resistance is particularly important to
selected bean-growing regions in the southern
cone (Argentina and Chile) of Latin America. In
1981, for example, Argentina lost over 50,000 ha of
beans due to this virus. Most BGMV-resistant
varieties developed by CIAT have proved to be also
resistant to BCIMV, which, like the BGMV virus, is
transmitted by the whitefly. After extensive
evaluations, line DOR 41, released as ICTA-Quetzal
in Guatemnala, was regisiered in Argentina in 1982
and is rapidly replacing the local variety, Negro
Comun.

Rust. Data from the International Bean Rust
Nursery (IBRN) since 1974 show that the best
cultivars are resistant to rust, caused by Uromyces
phaseoli, at most locations. However, many
cultivars initially found resistant at a given
location later became susceptible to rust at the
same location. This phenomenon is true of many
national, commercial cultivars: since they are
resistant to only a few races of the rust pathogen,
they are resistant in only a limited area and often
for but a short time.

Nevertheless, the IBRN has identified a series of

Figure 3. Selected CIAT lines with rust resistance
across many locations have been found.

Some (top) are characterized by small

pustules (300 microns). Preliminary data
caollected at CIAT-Palmira indicated

that even under heavy rust pressure,

the yield of these lines is not affected,

while the yield of susceptible lines (bottom),
characterized by large pustules (500 microns or
more), is severely reduced.

national cultivars iRedland Pioneer, Redland
Greenleaf B, Redland Greenieaf C, Cuilapa 72,
Cocacho, Mexico 309, Mexico 235) and CIAT-bred
lines (BAT 66, 67, 93, 256, 261, 308, 429, 447, and
520} with rust resistance having considerable
geographic and temporal stability. These broadly
resistant cultivars are now being used in ¢rossing
blocks as sources of rust resistance with the
objective of obtaining more durable (stablel
resistance to one of the most variable bean
pathogens known.

In this search for durable resistance, different
disease-resistance mechanisms and breeding



figure 4. No resistance (o storage insecls
has been found in commercial, large-
seeded bean varieties (red). In small-
seeded wild types (cream), however, high
levels of resistance to Acanthoscelides
obtectus have recently been determined.

strategies are being evaluated. Among the
mechanisms, such bean plant characteristics as
small pustule type (Figure 3), long latent period,
and low receptibility to rust may be associated
with durable resistance. Some breeding strategies
aim to obtain durable resistance. For example,
pyramiding different resistance genes or
resistance sources into lines with commercial
grain types is sought.

Storage insects. Good levels of resistance to
the storage peslts Acanthoscelides obtectus and
Zabrotes subfasciatus, as reported in 1982, have
been confirmed.

Podwalls of bean accessions resistant to
Acanthoscelides were nonpreferred for
penetration by both adults and larvae of the pest
{Figure 4). In one trial, the number of eggs laid in
pads of the susceptible variety Calima was 1364,
while only 36.8 eggs were laid in pods of the
resistant line G 12949. Currenily, progenies are
being evaluated that have resulted from crosses
between small-seeded resistant accessions and
commercial, large-seeded varieties that are
susceptible 1o Acanthoscelides. Similar results
have been obtained with Zabrotes.

Drought. 1n 1982, weather conditions
permitted nearly ideal drought-evaluation

nurseries. Type 1 bean materials were generally
found to be more susceptible to drought than
Types 11, 111, and V. Even so, CIAT line A 195 (Type
I, determinate) yielded 1060 kg/ha, close to the
1253 kg/ha obtained with the drought-tolerant
check G 5059. Highest yields were obtained with
Type [V (climbing) materials, the best of which—
V 8024—produced 1757 kg/ha. It is assumed that
both the large plant size and the vigor of Type IV
lines are associated with the high levels of
drought tolerance observed. Another outstanding
line was EMP 105 (Type I}, the only red-seeded
line, which in another trial yielded 2265 kg/ha.
with these developments, this character-
improvement project is making significant
headway in the direction of finding high levels of
drought tolerance in a range of grain types.

Snap beans. Recently, the Bean Program has
initiated a modest effort for the improverment of
snap beans. By the end of 1982, 400 germplasm
accessions had been evaluated and a crossing
program initiated. Blue Lake, the leading
commercial snap bean variety, was outyielded by
several bank entries. For example, Haricot-a-Rame
yielded 1519 kg/ha at 48 days (versus 1010 for Blue
Lake) and 2575 kg/ha at the final and second
harvest (versus 1788 for Blue Lake). These early
evaluation data seem to indicate that rapid
headway can be made in the further improvement
of snap beans.

Nitrogen fixation. In 1978, the Bean Program
started an intermating and selection program for
improvement of the bean plant’s genetic capacity
to fix nitrogen. In 1982, the fifth cycle of recurrent
selection and intermating was completed.
Seventeen breeding lines with good ability 1o fix N,
were coded; included are lines with different
colors {other than black or cream) and lines with
improved anthracnose resistance.

Plant architecture. some gross morphological
differences occur among bush bean varieties.



Today, a wide variety of beans are

cultivated throughout the Americas,
Africa, and Asia; each region has different
requirements for genetic improvement.

These include plant height and stem erectness,
branching pattern, leaf type, node number and
distribution, and pod length. Since mid-1977,
these traits have been used to improve disease
avoidance, better grain quality, improve lodging
resistance, and increase yield. Useful genetic
variation for each of these architectural
components was found primarily in
agronomically nonacceptable varieties, which
were subsequently improved.

As a result, the following lines were developed:
A 55 and A 56, with suppressed branching imono
culm); A 57, A 124, A 126, and A 155 with upright
branches: A 132, A 154, and A 156 with short
internodes, high node number, and stem
ereciness: A 207 with small pods; and A 209 with
lanceclate leaf. In preliminary yield trials, none of
these lines yielded better than the highest yielding
check cultivars, ICA Pijao and Carioca, which
indicated that the selection of any one of these
characters alone should be discouraged while
breeding for high vield. Nonetheless, in Nebraska
line A 55 seemed to show a high level of
avoidance/tolerance to white mold {Sclerotinia
sclerotium), a disease for which a high level of
genetic resistance has yet to be found.

From the yield trials, it was also evident that the
determinate Type I bush bean varieties respond
differently than do indeterminate Types Il and 111
to increased population densities and
environments. The degree of indeterminacy,
lateral branches, and nodes/m? seems to be
consistently associated with high pod number,

and, hence, yield in small-seeded bush bean
cultivars. The high negative carrelation of pods
and nodes/m? with the seeds/pod and seed size
or weight might explain, to some extent, the
apparent difference in yielding ability of small-
and large-seeded bush bean varieties and the
difficulty in the development of large-seeded types
with the yield potential of high-vielding small-
seeded cultivars. This further emphasizes the
need for more intensive study of large-seeded
bean varieties and idenlification of highly
heritable selection criteria for improvement of
their yielding ability.

In the second cycle of improvement, two or
more architectural traits are being combined
together and transferred into high-vielding
cultivars. Some F, and F, progenies of growth
habit Types I and IT with strong, upright stems
and lodging resistance seem to bear higher pod
load than their parents. These will be evaluated in
yield trials, along with other high-yielding check
varieties, including the prostrate or sprawling
types, which have a general tendency to outyield
the upright varieties.

Line A 207 and its original parental source with
the smallest pods (about 3 cm length) in cultivated
Phaseolus vulgaris had small seeds (about 15 g/100
seeds). Some F, progenies of essentially similar
pod length with seeds at least twice as large have
been selected. However, it will take additional
breeding cycles to improve their general
agronomic characteristics and overall usefulness.

Recombination into
Desirable Commercial Cultivars
for Specific Locations

Until the mid-1930s, genetic improvernent of beans
in the tropics, including the tropical Americas,
was limited to the natural selection pressures and

preferences of farmers. Systematic collection,
evaluation, and selection of germplasm by
national agricultural programs was initiated only

13
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in the second quarter of the present century.
Brazil, Chile, Colombia, Costa Rica, Mexico, and
Peru were among the first countries to establish
bean improvement programs designed to meet
their national needs. At CIAT, the first group of
crosses was made in the latter part of 1974 for the
improvement of small-seeded bush bean
varieties—principally black, cream, and red grain
colors—adapted to the lowland tropical regions of
coastal Brazil, Central America, and coastal
Mexico. By 1982, CIAT was working in tandem
with 25 countries in 3 continents, recombining
improved characters to meet their specific
agronomic and consumer needs.

In general, beans are characterized by their
seed size and color, growth habit, and adaptation
to specific climatic regions. Between the extreme
expressions of any of these traits, the genetic
variation is nearly continuous, thus pointing to a
wide variety of forms, especially in subtropical
and tropical America. As a result, both the native
Indian tribes and immigrant settlers in each of the
principal ecological niches had a diversity of bean
types to choose from for cultivation, consumption,
and marketing. Today, a wide variety of beans
continue to be cultivated throughout the
Americas, Africa, and other bean-growing regions
of the world (Table 3).

For bean improvement, each ecological region
has a different set of production problems, in
addition to different commercial bean types.
Beans of different seed sizes, growth habits, and
maturities have significantly different yield
potentials; need to be evaluated in different
crapping systems; differ in consumer acceptance;
and are encountered at distinctly different stages
of varietal improvement. For these reasons, each
basic bean type has a unique set of requirements
for genetic improvement, a circumstance which
has led the Bean Program to consider each major
type of bean as an essentially different crop. This
greatly complicales the breeding process of the
Bean Program and demands an efficient use of

in all its work, the CIAT Bean Program
gives high priority to consumer
preferences for seed color and size.

available resources and a decentralized program.

On a global scale, the Bean Program seeks to
have a major impact on three distinct bean
production areas: Latin America and the
Caribbean, Eastern Africa, and, in the future, West
Asia/North Africa. These three areas account for
53% of all dry beans produced in the tropical and
subtropical belt. In 1981, Latin America and the
Caribbean produced some 4,813,000 metric tons of
beans, followed by Eastern Africa with 1,361,000
tons, and West Asia/North Africa with 316,000
tons.

Estimates of highest potential grain yield at
CIAT-Palmira for different bean types in
monoculture are given in Figure 5. In general,
determinate varieties have lower yields than
indeterminate ones. Also, small-seeded varieties
outyield those with medium and large seeds. In
monoculture, yield of all bean types is higher than
in associated cropping.

Evidence thus far indicates that there is no
association between seed coat color and yield.
Thus, in a traditional bean-producing region such
as Huila, Colombia, where medium- and large-
seeded, red and red-mottled bean varieties of
determinate Type I habit are grown in association
with maize, grain yields could readily be
increased by 75 to 100% by changing to small-
seeded, indeterminate varieties grown in
monoculture. However, since beans are often
grown as a subsistence crop for local
consumption, maize is an important part of the
daily diet. Furthermore, local preferences for grain
size and color are so siridently adhered to—not



only in that hean-growing region but throughout
Latinn America and Africa—that such a varietal
change has not been possible so far, and is
unlikety to succeed.

The highest recorded experimental yield of
indeterminate bush beans is about 5 t/ha of line A
83 IType D in Chile (a resull obtained in the 1981
IBYAN); for climbing beans, the record is 54 t/ha
ITvpe VI with artificial support al CIAT-Palmira. In
the former case, the record yield obtained was
probably due to ¢ combinanien of a genetically
improved variety, long oplimum growing
conditions, cool nights, and the relative absence of
disease and insect pests Inthe case ol climbing
beans, good agronomic managerment. high inputs,

Potential grain yield (t/ha)

b
Indeterminate
5
Large seeds
Medium seeds
4 I
Small seeds —=
3

Determinate

| 1 i WV
Growth habit {Type)

Figure 5. Grain yields may be doubled by
choosing Type 1V beans over Type | beans.

Yield losses also result by selecting large-seeded
beans over small-seeded.

and long growing cvele plaved important roles in
realizing the inherent genetic potential of the
climbing cultivar. These vields contrast with
average commercial yiclds of about 300—600 kg/ha
and occasional site-specific vields up to around
2000 kg ha.

As shown in Table 3, varietal improvement of
different major bean tvpes was initiated at CLIAT in
visrious vears. Primary emphasis has heen on the
stabilization and recovery of actual vield potential
of commonly grown cultivars rather than on
maximum vield potential per se. A brief account of
progress achieved to date in varietal improvement
for different hean-production regions follows.

Central America. The lowlands and the
highlands of Central America are two distinct
production regions, cach characterized by ils own
sel of problems. Varielal improvement of the
Central American lowlands was among the first 10
be undertaken at CIAT and has received high
attention ever since. Farmers commonly have verv
small holdings and plant their red or black beans
in intercropped syslems Fanner-grown varieties
are most susceptible to BOMVY and are either
upright, semi-climbing, or climhing. Traditionally
the highest and most stable vielding beans were
all black-seeded varieties, such as Parrillo
Sintatico, [CA Pijao, Jamapa, Rico 23, [guacy, and
Rio Tibagi.

Breeding at CIAT for bush and climhing beans
for these areas was initiated in 1975. A large
number of experimental lines of bush beans with
poteniial for these areas has now been developed
and new varieties were named and released for
commercial cultivation: Revolucion 79 (BAT 41)
and 81 (A 40) in Nicaragua and Acacia 4 in
Honduras, for example, are now grown in over
10,000 ha each Furtherimprovements in seed
color and other factors were made, and these
lines were available at the end of 1982 for testing.

As expected, it was in Central America that the
first group of CIAT-bred lines of red and black



Central America?

Yield (kg/ha)

4000 small black ~— small red
BAT 1449
1000 ———— BAT 1481
Zamorano 2
2000
1000
‘11 N .
i}
Growing conditions® Reaction to:©
R R R S BCMV
R S | 5 Rust
S S R | Anthracnose
R S R S Angular leafspot
S S I S Common bacterial blight
) S 1 5 Empoasca
CIAT line International check CIAT line International check

a  Also grown in Argentina. Brazil, Chile. Cuba. Coastal Mexico and Venezuela

b 1and2 = mals conducied at Palmira with low and high levels of inpuls, respeciively, 3 and 4 = uials conducted at Popayan
with low and high levels of inputs, respectively

¢ R =iesistant. | = intermediately resislant, § = suscepuible

Figure 6. CIAT and national programs have bred a large number of varieties of
each of the different bean types adapted to the lowlands of Central America.
These varieties mairtain the high yield levels of the best international checks and
are resistant (o a majority of the pests and diseases attacking bean production

(1982 EP data).

heans demonstrated their superiarily over the
lacal cultivars. This was followed by varietal
releases in practicaily all countries of the region
where these bwo grain types are preferred. The
principal advantage of the new red-seeded
varieties was their resistance to BCMV. New black-
seeded varieties were stable yielding ancd
possessed either earliness (BAT 304) or tolerance
to BGMV (1CTA Quetzal, [CTA Jatiapan, and ICTA
Tamazulapal. Some black-seeded varieties bred for
this area were also released in Argentina, Brazil,
and Mexico. It is interesting 1o note that none of
these released lines had heen among the highest
vielding lines under Columbian conditions at
CIAT experimenlal siles, which indicates the great
value of, and need for, evaluation in the region for
local adaplation Recently developed experimental
lines of hoth colors now also carry resislance, in

various combinations, 10 common baclerial blight,
rust, anthracnose, angular leafspot, and other
priority discases, and are significantly higher
vielding (Figure 6).

While in past vears, red-seeded lines were
somewhal deficient in grain color, newly available
lines are free from any such deficiencies. Newly
developed experimental lines of nonblack colors
are equal or even better in yielding ability than the
traditional standard-setting hlack varieties.

Andean highlands, Panama, Belize,
Caribbean, and East Africa. There are
nvo principal bean tvpes grown in these areas;
under relatively warm conditions, determinate
bush beans with medium-to-large seed of solid
and inottled red, pink, purple, and cream colors
are grown; in the cooler areas, climbing beans
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Andean highlands Argentina
Yield (kg/ha)
4000
Medium and [arge red Large white
3000
BAT 1385 Calima A 493
2000
Alubia comun
1000
o ;
Growing conditions? Reaction to:"
R S R S BCMV
I S R S Rust
R ] R S Anthracnose
I S S S Angular leafspot
S S I S CBB
S 5 S 5 Empoasca
CIAT line International check CIAT line International check

a. Tand 2=1nals conducted at Palmira with low and high levels of inputs, respectively; 3 and 4 = rials conducted at

Popayan with low and high levels of inputs, respectively.
b. R =resistant, I = intermediately resistant, 5 = susceptible.

Figure 7. Performance of the 1982 EP of medium and large red and large
white bean types bred for the Andean highlands and Argentina
demonstrated sustained high vields and increasing resistance 10 most pests

and diseases.

of similar grain colors and sizes are used.

As a group, the majority of the cultivars in these
geographic areas are susceptible to BCMV; in
cooler areas, production suffers heavily from
angular leafspot, anthracnose, Ascochyta,
powdery mildew, rust, and other diseases. In

Caribbean countries, beans also suffer from BGMYV.

ICA in Colombia has developed very successful
varieties of bush beans for these areas (e g.,
Andino, Calima, Nimal, which have now been
grown for over 15 years. Experimental lines of
climbing beans from ICA-Tibailata have been
available for about 8 years and now have entered
the international evaluation program.

Due to their long growing season (5-10 months)
and problems of specific adaptation only 1o the
highlands (above 1800 masl), climbing beans have
been improved in a relatively slower process.

Based on its high yields and early maturity, an
introduction from Ecuador, E 1056, was released
in Colombia in 1982 under the name of ICA
Llanogrande.

Experimental lines of bush beans from the first
cycle of breeding have been deficient in grain
quality and have lacked resistance to BCMV. This,
however, has been corrected in subsequent cycles:
lines with resistance to anthracnose, BCMV, and
rust, and with good yielding ability, are now
available {(Figure 7}

The recent extension of the Bean Program'’s
activities into Central and East Africa has added
some new problems (poor soil fertility, beanily,
necrosis-inducing strains of BCMV, among others)
to the improvement list of this group of
germplasm. Nevertheless, germplasm developed in
Latin America has shown impressive performance



Small farmers in the tropics will reap the
benefits of technology developed by the
Bean Program in conjunction with national
research organizations.

in Africa. The variety Diacol Calima, for instance,
was developed by ICA, Colombia, and is now
being grown commercially in Burundi.

Argentina, North Africa, and Middle East.

Large, white dry beans are grown in Argentina and

in selected countries in North Africa and the
Middle East. These beans are largely grown in
monoculture. In Argentina, the crop suffers from
BCMV, BCIMV, anthracnose, angular leafspot,
common bacterial blight, and other diseases. In
African and Middle Eastern countries, serious
production problems can be caused by bean
yellow mosaic virus (BYMV), the beanfly, drought,
root rots, and low soil phosphorus.

At CIAT, breeding of large white beans was
injtiated in 1980. BCMV-resistant lines with
medium to large seeds were rapidly developed,
several of which will be tested in Argentina in
1983. Some of these are superior to Alubia in
agronomic performance and carry resistance to
anthracnose, BCMV, and BCIMV (Figure 7). Also in
1983, several hundred F, and F; families from the
second cycle of crosses will be evaluated in both
Argentina and Colombia.

A crossing program for Middle Eastern and
North African problems is not scheduled to begin
until the end of 1983 or early in 1984, following a
seminar in May 1983 on the potentials and
current production-limiting factors of beans in
that region.

Brazil, Brazil, the world's largest producer and
consumer of dry beans, is among those countries
that have received highest attention from the CIAT
Bean Program. Among other colors, small-seeded
black, cream, beige, and pink bush bean varieties
of indeterminate growth habits (Types II and III)
predominate in Brazilian bean production. These
are the types that possess highest yield potential
among all bean types suitable for monoculture.

Brazil has had a long history of bean
improvement. As a result, high-yielding varieties

resistant to BCMV of most grain types—except
pink and purple—have been available for many
years and occupy over 50% of the total heclarage
in the country. Today, frequent droughts in the
northeast and the continuously increasing
incidence of BGMV and angular leafspot in the
south-central part of the country are among the
most important bean problems.

while improvement of pink- {Rosinha) and
purple- (Roxo) seeded varieties was initiated only
recently, high-yielding Mulatinho (cream) and
Carioca (cream-mottled) lines resistant to
anthracnose, BCMV, rust, and drought have been
available in Brazil for testing (Figure 8). The
outposting of a member of the CIAT Bean Program
at the National Research Center for Rice and
Beans (CNPAF) in Goiania facilitates the evaluation
of a backlog of experimental lines developed thus
far. The new lines may need improvement for
BGMV resistance.

Chile, and coastal Ecuador, Peru, and
Mexico. Bush bean varieties of medium-to-large
seeds of white, yellow, and beige colors
predominate in this region. Small-seeded black
and white varieties are also impertant. Chile also
grows some cream-mottled and pinto types for
local consumption. While there is some varietal
and climatic similarity, production problems vary



Brazil Mexican highlands

Yield (kg/ha)

4000
Small nonblack Medium cream and pink
Carioca A 410 Flor de Mayo
A 339 . !
2000
1000
Growing conditions® Reaction to:P
R R R S BCMV
R S S S Rust
R 1 R S Anthracnase
1 S S S Angular leafspot
S S | S Common bacierial blight
1 S | S Fmpoasca
CIAT hine tnternational check CIAT hine International check

a. 1and 2 =trials conducted at Palmira with low and high levels of inputs, respectively, 3 and 4 =tnals conducted a1 Popayan

with low and high levels of inputs, respectively
b R =resistant, | =intermediately resistant, § = susceptible

Figure 8. Small nonblack and medium cream and pink bean types bred for
growing conditions found in Brazil and the Mexican highlands were compared to

international checks in the 1982 FP.

with the regions. For example, in Chile, BYMV is a
serious problem, whereas in coastal Peru, rust and
drought are the principal production-limiting
factors.

Experimental lines resistant to the type strain of
BCMV of small white and medium-cream and
beige grain colors with good yield potential have
been developed in a relatively short time (Figure
9). An intensive effort is being made to improve
their desired grain characteristics and to combine
resistance to BYMV and necrosis-inducing strains
of BCMV. The latter is being pursued in
collaboration with the Institute of Horticultural
Plant Breeding (IVT), in the Netherlands.

Mexican highlands. Bean production in the

Mexican highlands is often subject to inadequate
and erralic rainfall. Also, soils are relatively
marginal, and farmers make but very limited use
of chemical inputs. As a result, bean
production/ha in the region is one of the lowest
in the world. Varieties used are largely semi-
climbing and climbing, medium-sized beans of
cream, beige, and pink colors, either solid colored
or with spots, stripes, or speckles.

The National Institute for Agricultural Research
in Mexico (INIA) initiated improvement of climbing
beans in 1978. At CIAT, improvement of bush bean
varieties for the Mexican highlands started in 1979
and that for climbing beans in 1982. While new
varieties have already been developed by INIA and
have been released. most of the area planted is



Chile and Pacific Coast of Ecuador, Peru, and Mexico

Yield (kg/ha)
4000

Small white
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I S R S Angular leafspot
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CIAT hne International check CIAT hine Imernational check

a  land2 —nals conducted a1 Palmura with low and fugh levels of imputs re<pecnively. 3 and 4 = irials conducted al Popayan

with low and high levels ol inputs respectively

L R =resstant, | = intermechalely resisiant. § = suscephble.

Frigure 9. In its search for resistance to the major pests and diseases attacking

beans, CIAT and national programs have developed various lines whose yields are
equal to or greater than those of the susceptible international checks. The figure
illustrates the case for the small white and medium cream and yellow bean types
bred for Chile and Pacific Coast areas.

still in indigenous varieties, all of which are highly
susceptible to the prevalent diseases and (nsect
pests.

Resistance to BCMV has been incaorporated into
the bush bean experimental lines of all Mexican
grain colors. While several of these also carry
resistance to anthracnose and are among the
highest vielding of all lines tested in the 1982 EP

v
(see Figure 8), their evaluation in Mexico began

only in 1981. Encouraging is the fact that through
intensive breeding efforts, which have included
crosses with donor parents of black, cream, heigze.
and other grain color tvpes, a high frequency of
the prelerred Flor de Mayo and Rosita tpinkl grain
1vpes was achieved.

International Network Activities

Underlving all international cooperation activities
of CIAT is the goal Lo strengthen the research
capability of national programs to enable them to
increasingly carry out many aspects of teehnology
development 'which today are handled hy CIAT!

at the national level, and to become full-ledged
members in the international nerwork to which
they contribbute materials and information for use
in all regions

Flfective working relationships with national
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National and international programs
collaborate in technology generation and

transfer through the bean network.

research and development institutions are a
fundamental prerequisite for CIAT’s technology
development efforts to bear fruit. The Bean
Program is advanced in the effort to
decentralize—in the adjusting of its collaborative
activities according to that country’s particular
needs and wishes.

Ten years ago at the start of the Bean Program's
involvement in Latin America and the Caribbean,
it was found that national programs and CIAT
needed to collaborate along three fronts in
support of increasing hean production:

1. Development of improved production
technology applicable and relevant to the
conditions of the bean producer;

2. Development of institutional and human
resources at the national level to strengthen the
research capacity of national programs;

3. Integration of international and national
research and development efforts through an
international bean network.

with the gradual development of national
programs, the direction of the germplasm flow
itself has started to change. Through 1980, the
principal germplasm flow was from CIAT to
national programs; starting in 1981, however,
several countries reached a stage in which they
had developed their own improved bean lines,
now sent through the international bean network
1o other countries, thus initiating horizontal
transfer of bean technology.

Development of Relevant
Bean Production Technology

To meet the needs and help fulfiil the aspirations
of collaborating national bean programs, the CIAT
Bean Program has chosen the following strategies
designed to allow the Program to stay in tune with
developments at the national level.

First of all, bean production zones have been
defined and production-limiting constraints

localized. The three major bean production
areas—Lalin America and the Caribbean. Eastern
Africu and, in the future, West Asia/North Africa—
have distinct bean breeding activities
headquartered at CIAT in collaboration with the
various national organizations.

Then. to define the research needs of each bean
production area. the Bean Program has engaged
in a series of in-depth analyses of the location-
specific potential problems. A major ingredient in
these analyses is a set of formal working sessions
with bean workers from the region, at which both
the problem context and future research
strategies are discussed. The basic workshop that
ushered in CIAT's involvement in Latin America
was held at CIAT headquarters from 26 Feb. to
1 March, 1973; the workshop that predated
CIAT’s involvement in Eastern Africa took place in
Lilongwe, Malawi, on 9-14 March, 1980; and the
workshop for CIAT's involvermnent in West
Asia/North AfTica is planned for Aleppo, Syria,
on 21-23 May, 1983.

To ensure national input into research, each
member of the senior staft of the Bean Program is
assigned one or more countries as a link between
CIAT and that country for coardination of
collaborative activities and continuity in working
relationships. In addition, in 1978, all staff was
posted at CIAT: at the end of 1983, however, lhe
Bean Program had senior staff personnel
outposted in Brazil (1), Central America (3), and
Peru (1) and was exploring means to station a
team of scientists in Eastern Africa. Moreover,
through CIAT-sponsored conferences, seminars,
and workshops, the Bean Program provides
international forums for joint analysis of given
problems or challenges and mutual agreement on
appropriate and coordinated research strategies.

These and other forms of consultation with
national collaborators provide the Bean Program
with information that has a direct and immediate
effect on the Program's technology design and
international cooperation aclivities.



Through on-farm trials, researchers evaluate the economic feasibility of the
technology developed.

Manpower Development and
[nstitution Building

For purposes of manpower development,
traditionally CIAT has invested heavily in
commodity-based, postgraduate training of
professionals in national programs. As early as
1977, it had become apparent that to build up a
“critical mass” of trained personnel, it was
necessary to organize short, intensive courses to
increase the awareness about availability of new
production technology. By the early 1980s, the
short courses as a means to handle large numbers
of training participants had come to a successful
conclusion, and emphasis could be shified to
longer term, individual research internships.
Production-oriented training was then shifted to
the national level. In 1982, CIAT assisted in seven
in-country courses in bean production in five
countries. Short courses continue to be organized
at CIAT, but they increasingly serve as an
introductory phase for national research scientists
before entering individualized, discipline-based
internships. )

Network Development

Establishment and maintenance of an

international bean research network is the basis
for the interchange of materials and information
both among national programs and between CIAT
and national programs.

In 1976, the network of uniform testing was
initiated with the first IBYAN; by 1982, a total of 10
more specialized IBYAN's, organized by grain type
and growth habit, were distributed. The EP and
VEF nurseries were introduced in 1978 as a two-
part, general observational nursery. Today, the
Program also has, among others, the IBRN
(International Bean Rust Nursery), VIM
(International Webblight Nursery), IBAN
(International Anthracnose Nursery), and IERN
(International Empoasca Resistance Nursery). In
addition, there are two enrivonmental stress
screening nurseries, the International Drought
Nursery and the International High Temperature
Nursery.

The preferred mode of conducting research on
regionally important production-limiting factors is
through collaborative projects with national
programs, Through the bean network, such
cooperative projects have included the search for
resistance to the bean pod weevil and to BGMV,
conducted in cooperation with ICTA in
Guatemala; the search for webblight resistance,
conducted in cooperation with the research arm



Table 4, Lines and varieties distributed by CIAT which have passed the experimental phase in
various countries.

Varieties or lines in Established commercial
Country Promising lines seed multiplication varieties
Argentina EMP 84 DOR 43 ICTA Quetzal
A 493 BAT 76
BAT 448
Bolivia ICA Pijao
BAT 76
Carioca Sel-1 {Carioca)
Brazil Milionario 1732 (BAT 64)
Rico 1735 (BAT 65)
Burundi Diacol Calima
Chile 78-03-74 Redkloud
Colombia BAT 1297 ICA-Llanogrande (E 1056)
BAT 1296
Costa Rica Huetar (Mex 80 x BAT 202) Brunca (BAT 304) Talamanca {ICA COL 10103)
Chorotega {Mex 80 x BAT 724) ICA Pijao
Corobici (Mex 80 x ICA Pijao) Porrillo Sintético
Cuba Hatuey 1 (Line 23/24) 1ICA Pijao

Hatuey 2 (BAT 202)
Tomeguin 1 {DOR 15 or EMP 84)
Fcuador INIAP !mbayas (E 1056) INIAP Bayito (Brazil 2)
INIAP Saraguro (E 1486)
INIAP Puellaro (L 24)
INIAP Pimanpiro (E 101)
Ei Salvador Tazumal (BAT 58)
Guatemala Suchitan (ICA Pijao)
ICTA Quetzal
ICTA Tamazulapa
ICTA Jutiapan
Honduras Copan {Mex 80 x BAT 724) Acacias 4
llama (BAT 1217)
Yojoa (BAT 1192)

Mexico Negro Huasteco 81 (D 145)
Nicaragua Revolucidn 79 (BAT 41)
Panama ICA Palmar
Peru Cloriabamba {G 2829)
Republic of
South Africa Cordoba (BAT 317)
Trinidad & Tobago BAT 21
BAT 22
BAT 23

Brazil 2 {Bico de Quro)




Working together, scientists and
professionals trained at CIAT are creating a
network for bean research and technology transfer.

of the Ministry of Agriculture in Costa Rica; the
development of tolerance to low phosphorus.
levels, conducted in cooperation with CNPAF
(National Center of Rice and Bean Research) in
Goiania, Brazil; and development of resistance to
BCIMV, conducted in cooperation with EEAOC
{Agroindustrial Experimental Station Obispo
Colombres) and INTA (National Institute of
Agricultural Technologyl in Argentina.

In addition, the Bean Program facilitates the
exchange of information among members of the
international bean network throughout Latin
America, the Caribbean, and Africa with packaged
technical information, a complete
abstracting/documentation service, and a
quarterly Bean Newsletter, which reaches 850
bean researchers worldwide The Abstracts
Journalin beans has a subscription base of 550.

By 1982, the Bean Program’s persistent efforts in
technology development and international
collaboration had already provided a series of
tangible results. More than 420 ClAT-trained bean
professionals were staffing national bean
programs; a full-fledged international bean
network in which some 47 national institutions
and 382 individuals in Latin America and the
Caribbean actively participated was growing; and
the momentum in support of bean improvement
for increased bean production was in place.
Already, 8 African bean scientists have been
trained.

Mosl important, the majority of collaborating
national institutions already had available
improved bean germplasm to pass on to bean
producers. Table 4 presents a summary of
improved germplasm as it was availabie to
collaborating countries at the end of 1982,
subdivided into the categories of "promising
lines,” “lines in seed multiplication.” and
"established commercial varieties." Materials

shown in this table are either commercial varieties
that found their international distribution through
the CIAT-coordinated international evaluation
schemes, selections from the CIAT germplasm
bank, and lines developed by CIAT or lines
developed by collaborating national programs
based on CIAT-provided parental or segregating
malerials.

Estimates indicate that at the end of 1982, such
improved varieties were already planted on at
least 200,000 hectares in Latin America and the
Caribbean and Africa, where, through improved
yield stability and higher yield, they already make
a significant contribution to increased bean
production. Granted, on a relative scale this
acreage devoted to improved bean varieties is still
modest, and. due to vear-to-vear fluctuations in
bean production, no definitive changes in bean
production trends can be demonstrated on the
basis of these cevelopments. Nevertheless, as
Table 4 shows, many materials are still waiting in
the wings: the dissemination of improved
materials has begun and will surelv be followed by
the release of many more materials, which will
put an indelible mark on bran r-aduction in the
tropics.
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orld cassava production is estimated at

around 130 million metric tons,
cultivated on some 14 million hectares. Most of
this is produced by small farmers who cultivate
marginal seils. About one-fifth of the total cassava
production is in the tropics and subtropics of the
Americas, two-fifths are in Asia, and the remainder
is in Africa (Figure 1) Of the total production,
some two-thirds are used for human
consumption—half as fresh cassava, the other half
after some form of processing.

Cassava is among the most inexpensive sources
of food calories. Since the crucial nutritional
deficiency in low-income countries is calories,
cassava plays a particularly important role in the
nutrition of the poor. It is estimated that cassava
provides from 200 to 1000 calaries per day for
more than 760 million people in developing
countries

One important patential growth market for
cassava i5 in the area of cassava flour as a
substitute for part of the wheat flour in products
such as bread, pastas, and biscuits. Thus, cassava
could partially replace expensive wheal imports.
Although cassava is relatively low in protein, it can
contribute to augmenting protein availability
when used as the «<nergv component in animal
teed. Because of the availability of large areas of
unused marginal lands which cannot support
other crops but could produce cassava, the use of
cassava as an animal feed could vastly reduce the
competition between feed grains for the
concentrate industry on the one hand, and the
human food sector on the other, tor calorie
sources

The problems facing the cassava crap differ
depending on the desired end use. In the market
for fresh cassava, the major problem is crop
perishability, which is the prime reasan why, in
many areas, the praducer only receives a very
small percentage of the final price paid by the
urban consumer. In the use of cassava as a dried

praduct—either for human food or animal feed—
the principal problemn is low productivity. Present
average yields of only slightly more than 10 t/ha
are well below the potential due to the use of
inefficient agronomic practices, the lack of var-
ieties that are responsive fo improved manage-
ment practices, and damage caused by diseases
and insects. A further problem in the production
of dried cassava products is the lack of efficient
natural drying techniques, especially in those
areas of the tropics where humidity is rarely low.

The market potential for dried cassava products
is very large if the roots can be produced at low
costs and if they can be effectively dried. The
emergence of new production and processing
technology has the potential to make cassava
highly competitive in a wide range of new
markets.

The aim of the Cassava Program is to increase
production and utilization of cassava, with
particular emphasis on Latin America and Asia.
The Program’s specific research objectives are to:

e Develop germplasm and cultural practices
based on low input levels and responsive
to improved management (o increase
cassava productivily in areas where cassava
is presently grown;

® Develop germplasm and cultural practices based
on medium-input levels to increase cassava
produclion in the acid, infertile soils of the
Towland tropics;

e Develop systems to reduce perishability of
cassava and allow more efficient use of cassava
for direct and indirect human consumption.

In pursuing these objeclives, the Program is
guided by the consideration that improved
production technology must be low-cast so that
the final product can be kept at a low price level.
This leads directly to the development of
technology based on improved germplasm that
overcomes many of the constraints on production.
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figure 1. Major cassava production areas of the world.

Other constraints can be minimized by the use of
improved management, including agronomic
practices, hiological control of insect pests,
phytosanitary control of diseases, and efficient
techniques for fertilizer use.

Cassava is grown in six major edaphoclimatic
zones Germplasm accessions are tested in the
different zanes, and eljte materials are used in the
crossing program that direcis specific populations
to each of them. For countries with well-
established breeding programs, the Cassava
Program provides sexual seed from crosses known
to be suitable for their conditions. For countries
that do not have the capacity to recive segregating
poputations, CIAT provides, through meristem
tissue culiure, selected lines that have performed

well under similar conditions. For the maost
important zones, Lthe Program also develops
improved management practices that are tested
together with the advanced lines in a regional
trials network. Based on these trials, technology
packages are recommended for validation in on-
farm trials.

It is expecled that 40% of the total world cassava
production will be in Asia in the coming years. In
arder to satisfy the specific requirements of
germplasm for Asia and to develop agronomic
practices that are appropriate to the varied
cropping systems prevalent on this continent—
and also 1o assist in the strengthening of Asian
national cassava programs—CIAT is in the process
of establishing a regional program in Asia.

Summary of Achievements

The CIAT Cassava Program germplasm bank in
1982 consisled of over 3000 accessions from
different regions of the Americas and Asig, and a
number of superior lines were selected as parents
lor crossing. Thousands ol hyvbrids have now heen
evalualed in the principal ecosystems {or cassaa
production in the tropics including the hot
lowland areas with a pronounced drv season; the
acid, infertile savannas; and the coaler highland
areas. Several of 1hese hybrids have shown high,

stable vields of good-quality roots swhen produced
under simple, improved management svalems.
Farthermore, these new hvbrids have maintained
their vield advantage over local clones even under
voery low fertitity conditions and poor
mitmagemenit.

Results rom both on-farm trials and regional
trials suggest thatl the vields ol local clones can be
doubled i traditional management practices are
changed for simple, improved practices (e.g , stake
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Casssava production systems are developed for the lowland tropics with a
pronounced dry season (ECZ 1, left); the lowland, acid soil savannas (ECZ 2,
middle); and the hot, humid, lowfand tropics (ECZ 3, right).

selection and treatment, timely weed conlrol, and
planting on ridges in areas of high rainfalll. When
these practices are combined with improved
clanes, a further large production boost is
achieved. Recent data from on-farm trials in the
Piedmont region of Colombia have shown (hat
vields of more than 30 t/ha can be obtained when
this new technology is combined with selected
hyvbrids. (In a survev from the early 1970s, vields
were less than 8 t/ha in this region.) These data
point to the reality that new. high-yvielding
technology is fully accessible to the cassava
farmer.

Cuba has extensively applied the CIAT-
developed package and has greatly increased
productivity: in a mere 5 vears, national cassava
production has doubled. In Colombia, the new
high-yielding technology is seen to be at least
partially responsible for a 40% increase of the
average national yield over the last 6 years.

Collaborating national cassava programs are
now receiving from CIAT clones suitable for areas
in the hot lowland tropics with a pronounced dry
season. These clones possess high yield potential,
moderate disease and pest resistance, moderate-
to-high starch content, and a high degree of yield

stability. For the acid soil savannas, national
programs are also receiving clones with the re-
quired very high levels of disease and pest resis-
tance, which nevertheless yield moderately high.

In collaboration with national agencies in
Colombia, CIAT has developed prototypes of
small-scale drying industries that provide markets
for increased cassava production, thus permitting
the small farmers on these marginal soils to
capture the increased production potential of
improved cassava technology. Colombia and
Mexico are now in the process of selting up a
series of cassava production/drying industries
based on this model. In this context, Mexico has
officially released two CIAT-selected clones with
the appropriate technological package. Progress
along similar lines is being made in other
countries in the Americas (e.g., Brazil, the
Dominican Republic, Haiti, and Panamal.

The Cassava Program has recently increased its
activities in Asia, placing a regional cooperation
scientist in the region. Thousands of hybrid seeds
have been sent to Asia over the past few years, and
these are now in advanced stages of selection in
various national programs.



The emphasis is on (1) breeding clones
adapted to specific zones and (2) ensuring
that clones are broadly adapted within zones.

Germplasm Improvement
for Edaphoclimatic Zones

In the early years of the CIAT Cassava Program, a
principal breeding objective was to develop
cultivars with wide adaptability, i.e,, cultivars that
would be successful across all principal selection
sites. Accordingly, in the regional trials network,
most clones were planted in all sites. Emphasis
later shifted toward selection for yield stability
under moderate to high stress conditions, and
new selection sites were added where low soil
fertility, drought stress, and mite attacks are
principal constraints to productivity. By the end of
the 1970s, a great deal of information had been
accumulated on the effects of various factors on
varietal adaptation and genotype-by-environment
interaclions. Based on this information, the
Cassava Program divided cassava-growing regions
into six edaphoclimatic zones (ECZ) (Table 1). This
subdivision is based principally on differences in
mean temperature, rainfall distribution,
photoperiod, and soil characteristics. These
physical factors largely determine the pest and
disease complexes which are potentially or
actually important (Table 2). The six zones were
selected by carefully balancing the number of
separate breeding projects that could be managed
by CIAT with the number of resistance and
adaptation factors that could realistically be
combined in a single genotype.

with the definition of edaphoclimatic zones, the
germplasm improvement process is now highly
decentralized. Because each zone requires the
attainment of different breeding objectives, the
emphasis on breeding for broad adaptability
across zones has now given way to breeding for
adaptability across the existing variability within
zones, Concurrently, the regional trials network
has moved toward the selective placement of
clones in particular sites, based on their

performance in the earlier stages of selection.
CIAT-managed international cassava trials are
nonexistent. Rather, CIAT passes on to
collaborating countries germplasm that is
matched to the edaphoclimatic and pest
conditions of given cassava production regions for
their own trials and evaluations.

Collection/Introduction

As the Cassava Program attempts to combine a
wider range of traits into new varieties, the need
for increasing the diversity of the germplasm base
makes itself felt. Many of the desired adaptation,
reststance, and quality characteristics exist in only
low frequencies in landrace varielies. The
availability of relevant parental material can save
the hreeder many years of time requtired for
recombining trails, and selecting the desired
genotypes. In view of this. collection of existing
clones continues to be a high priority of the
Program.

The International Board for Plant Genetic
Resources (IBPGR} has made cassava a priority
crop for further collection and conservation.
Under a collaborative IBPGR/CIAT arrangement,
germplasm collections were made in 1982 in
Mexico and Peru, and a series of additional
collection tours are planned for the near future. At
the same time, the Program continued its efforts
to introduce national program germplasm into the
CIAT collection by meristern culture. With the
introduction of some 350 new accessions from
Brazil in recent years, the CIAT collection now
stands at over 3000 clones. These accessions have
been maintained at CIAT-Palmira in the field, but
they are now gradually being transferred into in
vitro cultures for storage. In this process, rooted
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Table 2. Importance and control of various physical and biological envi-
ronmental factors on cassava production in the six edaphoclimatic zones.

Degree of stress Capability of
effect in each managing stress
edaphaclimatic zone? Through Other than
Environmental factor 1T 2 3 4 5 6 breeding by genotype€
Physical environmentd
Photoperiod L L L L L H 2 0
Relative ambient humidity H H L M L L 2 0
Soil acidity L H M L ™M M 2 2
Soil phosphorus M H M M M M 2 2
Soil water H H L L t L 2 1
Temperature N N N 1 H H 2 0
Biological environment
Anthracnose H H M M M H 2 1
Bacterial blight M H L M L H 3 1
Cercospora leafspots M M M M L M 3 1
Phoma leafspot N N N L H M 3 1
Root rots L L M H M H 1 2
Superelongation disease M H M M L H 3 1
Green cassava mite H H L M L L 3 2
Hornwoerm M M M M L M 1 3
Lace bug M H L M L L 2 1
Mealybug H H M M L L 2 2
Red spider mite H M L M L L 2 2
Scale insects M M M M M M 1 3
Shootfly ML M M L M 1 2
Thrips H H L H L L 3 1
Whitefly M M M M L L 2 2
Weeds H H H H H H 1 3

an o

N = none; L = low, M = medium, H = hugh.

0= zero or near zero, 1 = low, 2 = moderate, 3 = high.

For example, by changing environment or by modifying agronomic practices.

Stress effects for physical factors resulting from long photoperiod, low relative humidity, high scil

acidity, low sotl phosphorus, low soil water availability, and low temperature.

node cutling segrments, obtained from meristem-
grown plantlets, are used as storage explants.

Cermplasm Evaluation

In 1982, some 700 clones underwent evalualion in
different ECZs, and some 8-15 clones were
selected as poientially promising for each zone, as
well as others with useful individual trails.
Evaluation of the accessions in the germplasm
hank permits the identification of clones that

can be directly recommended as new varietics
and af clones that can contribute desired genes
for the hvbridization progriom All germiplasm

accessions are first evaluated in single row trials,
and thase that appear promising in each zone
continue through a standard stepwise evaluation
and selection precedure.

The experience to date shows that only a small
number of germplasm accessions combine the
requisite traits for a given zone and can be directly
recommended as new cultivars. However, those
that meet basic criteria (such as resistance to
diseases and pests, high yield potential, and good
root qualityl can be used in crosses to produce
superior progeny for immediate selection.

Many germplasm accessions have individual
desirable traits, but they may be deficient in other
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aspects. These clones, when used in
hybridization, have little chance of directly
producing superior progeny. However, to broaden
the germplasm base for genetic improvement, the
Cassava Program uses such accessions to produce
irnproved hybrids to, on the one hand, act as a
bridge between germplasm accessions, and on the
other, provide the most advanced hybrids
available in the Program. The first generation of
these "bridge hybrids” is now at the preliminary
yield stage in various edaphoclimatic zones. The
generally good performance of these populations
provides evidence of the efficacy of this approach.

Thus, while only a few germplasm accessions
that have so far been evaluated meet the criteria
for direct recommendation as new cultivars, the
on-going germplasm bank evaluation serves the
fundamental function of identifying parental
materials.

Progeny Evaluation
and Hybrid Selection

The germplasm development process leads to
distinct but interrelated end products: unselected
F, seed and “finished” varieties.

F, populations are sent to those national
programs with the interest and the capacity to
evaluate and select from segregating popuiations.
Since the F, generation is the only seed-
propagated generalion, it represents the only
stage at which large numbers of genotypes can be
readily moved across international boundaries.
The distribuftion of segregating populations allows
national programs to take full advantage of gains
made in CIAT through selected parental material,
at the same time as it enables national programs
to select lines adapted to local conditions from
the large numbers of genotypes contained in
segregating populations.

The definition of a "finished” variety is
necessarily arbitrary, since the genotype is already
fixed by vegetative propagation at the F, stage. The
Program defines a finished variety as a clone that
has advanced through the final stages of selection
by CIAT in Colombia, after having undergone
evaluation over several years and locations in
replicated yield trials. At this stage, clones are
ready to enter regional trials in Colombia and
internationally. Phytosanitary considerations have
made it imperative that CIAT send cassava
vegetative material internationally only through in
vitro culture.

While parent selection is based on the
performance of germplasm accessions in the
various edaphoclimatic zones, hybridization and
initial selection is done at CIAT-Palmira. In 1982,
some 63,000 F, seeds were obtained, of which
more than 20,000 were used in the selection
program, and close 10 40,000 were distributed to
national programs in Brazil, China, Malaysia,
Mexico, the Philippines, and Thailand.

Currently, the Cassava Program assigns highest
priority to the warmer ECZs. Considerable
interchange of material selected for any one of
these three (1, 11, il) zones occurs among the
source populations. On the other hand,
physiological studies have uncovered a significant
effect of photoperiod and low temperatures
(below 20°C) on yield, which indicates it is
necessary to have distinct gene pools for both the
highland (VI and subtropical (VI) zones. Within the
warmer, ECZs, the Cassava Program assigns
particular importance to zone I, which represents
a major cassava-growing region of the world, and
zone 11, which offers a Jarge number of adverse
cassava-growing factors and represents an ideal
testing ground for “finished lines” of promising
cassava materials (Figure 2).

in edaphociimatic zone I, the lowland, long dry-
season zone with evaluation sites in the



Major emphasis is placed on selecting progenies tolerant to endemic disease and
pest problems,

Colombian north coast, trials are being conducted
without recourse to fertilizer and pesticide
application or irrigation. Twao cyvcles were
evaluated in 1982 (Figure 3). The results show that
the new hybrids combine high dry-matter content
wilh greatly improved yielding ability. The
challenge now is to further improve these clones,
partic farlv in terms of insect and

mi . esistance.

For edaphoclimatic zone Ii, the evaluation site is
at Carimagua in the Eastern Plains of Colombia.
Soils are poor—with low pH, low available
phosphorus, and high exchangeable aluminum.
Trials are conducted with the application of
modest levels of lime, nitrogen, phosphorus,
potassium, and zinc. Disease and pest pressues
from cassava bacterial blight (CBB),
superelongation disease, anthracnose (during the
wel season), and mealybug, lacebug, thrips, and
mites (during the dry season) are very high.
However, diseases and pests are not artificially
controlled. Hence, experimentation at the
Carimagua research site constitutes evaluation
under very difficult growing conditions.

In 1982 both selected hybrid clones and
germplasm accessions planted at the beginning of
the rainy season yielded reasonably high; the later
planting was heavily attacked by mealybugs, and

Dry matter yield
(t/ha)

12

Best local
10—

CIAT hybrids

0
Media Luna Carimagua Florencia CIAT-Palmira
ECZ1 ECZ 2 ECZ 3 ECZ4
Ecosystem

Figure 2. CIAT hybrids selected under the
adverse conditions of Carimagua tend to
perform very well under less stressful conditions,
and perform better than the best local variety at
each site even with stressful conditions.
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Decentralized selection of hybrids

assures local adaptability.

Fresh root Root dry yield
yield (t/ha} (shaded) (t/ha)
60 60

Phase Il

Hybrid
clones

Germplasm

accessions cultivars

Figure 3. Comparison of 1982 average yields of
various hybrid clones, germplasm accessions,
and local cultivars grown on trials at Caribia
(ECZ 1). The first harvest (Phase I) came from a
poor soil and an unfavarable rainfall pattern; the
second {Phase !l}) from a good soil spot and a
favorable rainfall pattern, thus representing a
highly productive growth cycle. Many hybrid
clones resulted in high fresh and dry root yields.

yields were more modest. This is an important
change from previous years when susceptibility to
CBB, superelongation disease, and anthracnose
always caused lower yields in the earlier planting.
The newer clones are more tolerant to these
diseases and enter the dry season with mare
foliage and therefore get attacked by insects.
Selected hybrid clones gave good yield and had
high root dry-matter content in both trials.

Both high bacterinsis and superelongation-
disease resistance are now comrmon in many
high-yielding hybrids. Combining these with mite,
mealybug, and lacebug resistance is a challenge
that may require new germplasm sources and
several selection cycles.

while some high-yielding hybrid selections in
both ECZ I and 1l have the identical source
population, there also exist such widely adapted
clones as M Col 1468, M Col 1684, and CM 507-37.
which constitute outstanding parental materials.
Decentralized selection, however, may be needed
ta assure a high frequency of clones with local
adaptability. One potential danger for “final”
selection is excessive narrowing of the germplasm
base; another is extreme location-specific
adaptation. At CIAT, the first problem is
counteracted by continuous integration of new,
promising parental materials into the hybridiza-
tion program; the second is obviated by frequent
use of widely adapted clones as parental material.

Plant Protection
to Improve Crop Productivity

Before the 1970s, cassava was commonly
described as a rustic crop, resistant to most pests
and diseases, and particularly well suited to
regions with poor soils and prolonged drought. As
more systematic information about cassava has
become available, however, it has become
increasingly clear that this description refers only

to a locally adapted crop That is, local cultivars
are often remarkably tolerant 1o the diseases and
pests occwiting in their native surroundings,
when they are grown under traditional
management systems. When thev are grown in
other sites, or with differeni management, these
same cullivars are frequently susceptible to



Host plant resistance is complemented by biological control. Resistance to the
cassava hornworm {left) has not been found, but several predators, including the
Polistes wasp (right), and parasites can be used for effective natural pest control.

diseuses, pests, weeds, and other adverse factors
dominant there.

Both the presence and severity of cassava pests
(diseasts. insects, and mites, for example) are
influenced by specific climatic and edaphic
characteristics. From 1979 to 1982, it was observed
that those diseases which initially (i.e., 1378-1980)
caused severe damage in particular sites
represertative of various ecosystems—e.g.,
anthracnose in ECZ I and [, CBB in ECZ 11,
concentric ring leafspot and anthracnose in
ECZ V—were moderate in later years (1980-1982).
This indicated that disease problems reach a
certain biological balance with existing clones,
which could be due to the gradual elimination of
susceptible genotypes with a consequent decrease
in the inoculum potential of the causal agents.
Those diseases detected after the first year of
evaluation and which could have been introduced
to the ecosystem le.g., frog skin disease and root
rot caused by Diplodia manihotis) were observed
to increase in severity, and, in the last cycle of
chservation, were reaching epidemic proportions.

The pest and disease complex documented in
Table 2 applies to the Americas, the center of

origin of cassava. As cassava was exported, first to
Africa and then to Asia, some ol its pesls and
diseases were also disseminated The number of
pests of econamic importance is less in Africa and
Asia than in the Americas. While the varietics
vriginally exported from the Americas carried i
least some resistance to the discases and pests
introduced with them. and thus allowed the
farmers 10 select for clones tolerant to the
introduced pests, most of the resistance to
diseases and pests not presenl in the new
environment was lost in the selection process.

African mosaic disease is an exception. This
endemic disease, (ransmitled by whiteflies
(Bemisia tabacil, has not been reported in the
Americas, but has spread throughout the cassava-
growing area of Africa. Because resistance genes
for this disease were not found in clones of
African or American origin, IITA (International
Institute of Tropical Agriculture} has improved
resistance by incorporating them from Manihot
glaziovii, a species of American origin.

Recently, two introduced pests have started to
cause massive losses in Africa. The cassava
mealybug and the green spider mite have spread
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Table 3. Level of resistance? to various production constraints of CIAT lines and hybrids adapted to the

different edaphoclimatic zones.

Edapho-

climatic Diseases
zone/ Super- Phoma Anthracnose Cercospora Preharvest
clone Bacteriaris elongation leafspot Lowland Highland leafspot root rot
ECZ 1
M Col 22 1 2 2 4 3 4
M Bra 12 2 1 3 5 5 2 4
M Ven 25 3 2 —b 3 — — —
CM 681-2 2 1 — — — — —
ECZ 2
M Per 245 5 3 — 4 — 4 —
M Ven 77 5 5 2 5 4 1 5
CM 523-7 5 4 3 4 3 2 1
CM 1585-13 5 5 — 5 — 5 —
ECZ 3
M Col 1684 3 3 3 3 4
CM 507-37 4 4 3 — 3 -
ECZ 4
CM 91-3 4 2 — 3 — 4 —
CM 489-1 1 1 — — — - —
CM 8491 3 5 — - - - —
ECZ 5
M Col 1522 2 2 5 1 4 4 4
M Col 2059 - — 5 3 5 3 4
ECZ &
M Col 1468 4 3 3 4 3 4 1
M Cub 74 2 4 — - - — —

a. 1=verylow. 2 =low, 3 = intermediate, 4 = high, 5 = very high.

b. Tests have not been conducted for this specific constraint.

rapidly throughout Africa, after being introduced,
probably during the 1960s, on infected planting
material. These pests have thrived in large areas of
susceptible cassava varieties, in the absence of
natural enemies, and under oplimal
environmental conditions. In the Americas, with
relatively tolerant cassava varieties and with
natural enemies, these two pests, although
widespread, do not normally cause severe damage
or yield reduction.

At present, a concerted effort is being made by
ITTA twhich. within the Center system, has
regional responsibilitv, for cassava in Africa), the
Commonwealth Institute of Biological Control,
Trinidad, and the CIAT Cassava Program to
identify biological control agents in the Americas,

rear them, verify that thev are free of
hyperparasites. and then introduce them to Africa.
It is possible that the biological control agenis will
only give partial control; nevertheless, their
importance is undoubted especially during the
interim period before resistant varieties are
produced and host plant resistance and biological
control can be combined.

Host Plant Resistance

with a long crop cycle such as cassava's (6—24 mo),
it is not possible to base crop protection on
continued applicadgons of pesticides. Other
methods of control must be developed around
host plant resistance. The resistance normally



Insects and mites

Sail problems

Mononychellus Oligonychus Soi_l Low
Thrips mite mite Mealybug Lace bug Whitefly acidity phosphorus
- 39
4 2 2 3 3 1 2 3
5 4 1 1 3 4 2 2
2 3 2 1 3 — — 4
4 - — 2 — — — —
1 — 3 3 — 5 4
2 2 2 2 2 —_ 5 4
3 - - 1 — — 4 S
4 — — — — — 2 4
1 1 4 — 2 5 4 3
1 — — 2 - — 2 4
3 2 — 1 — — 3 4
2 2 — 1 2 — — —
4 — —_— — —_— — — —_—
4 4 4 — 4 - — —
1 1 3 1 2 1 3 3
4 — —_ 2 — — — —

found in cassava is controlled by many genes
[poligenicl, which lowers the probability of
development of new races or biotypes of the pest
population.

Incarporation of host plant resistance is the
basis of an integrated control program for cassava,
and it forms a fundamental part of the cassava
varietal improvement program at CIAT. Table 3
lists the principal cassava pests, diseases, and soil
constraints for which bost plant resistance has
been identified. These sources are now heing used
for development of resistant hybrids.

But adequate host plant resistance is sometimes
difficull to achieve. In this case, it can be
combined with biological control and improved
agronomic management practices for adequate
integrated disease and pest control. Research in
these areas is described in the following sections.

Biological Control

Host plant resistance is particularly efective when
used in conjunction with biological control.
Reduced pest populations, due to resistant
cassava varieties, increase the efficiency of
biological control. Natural enemies of cassava
pests are abundant: more than 140 have been
identified, and nearly 40 of these have been
studied at CIAT. Sperial emphasis has been given
to the biological control of the cassava hornwoerm,
mealyvbugs, and mites.

The compatibility of breeding for resistance and
using natural biological control has been
demonstrated in studies with mites. Mite
populalions on resistant varieties are considerably
lower than populations on susceptible varieties;
mite predators thus have a better opportunity to



Integrated pest control combines
biological control and improved

agronomic practices with host plant resistance.

reduce mite populatlions before they reach
economic injury levels. More than 30 mite preda-
tors have been identified in cassava. Current
studies center on the effectiveness of Phvioseiidae
mile predators, which appear 1o be especially
effective against low populations of phytophagus
mites.

Recently, considerably more attention has been
given 1o biological control of mealybugs; two
species, Phenococcus herreni and P. manihoti, are
causing considerable cassava damage, especially
lo crops in the Americas and Africa, respectively.
There are a large number of natural enemies of
mealybugs: approximalely 30 parasites and
predators have been identified at CIAT-Palmira or
Carimagua, and nearly 70 have been identified in
the Americas. A systematic field collection of
mealybugs during 1981 revealed that Ocvptamus
stenagastus was the most dominant predator,
accounting for 68% of the total natural enemies,
and Anagvrus was the most dominant parasite.
Studies during 1982 revealed that Acerophaga
coccois was the predominant natural enemy,
comprising up to 92% of the parasites observed.
This parasite appeared to be reducing mealvbug
populations in the fields observed. Ocyptamus
was, once again, the dominant predator observed,
but, in addition, high populations of the dipteran
predator Kalodiplosis coccidarum were collected
during sysiemalic sampling of mealybug
populations. This predator was released in CIAT
fields 3 years ago and is a very efficient predator of
mealybug eggs. The combination of host plant
resistance and biological control thus also offers
considerable promise in the control of cassava
mealybugs.

One of the most spectacular pesls of cassava is
the cassava hornworm (Erinnvis ello), which can
completely defoliate large cassava plantations. A
single larva can consume 1100 cm? of cassava
foliage during its 15-day larval cycle. Although the
adult female has been shown to exhibit some

ovipositional preference, the most promising
means of pest control is through efficient use of
its numerous natural enemies in an integrated
pesl-control program. Approximately 40 natural
enemies have been identified, consisting of
parasites, predators, and pathogens, and the egg,
larval, and pupal stages of the pest are all
susceptible 10 natural enemies. Current studies
are centering on dipteran parasites, which appear
to be especially effective against low populations
of the hornworm. There are numerous larval
predators, with the paper wasp, Polistes sp., one
of the most important.

In 1882, a virus disease of the hornworm was
studied. A granulosis virus was recovered from
infested hornworm larvae and was tested by
reinfesting leaves in Lhe laboratory. One hundred
percent of healthy hornworm larvae feeding on
these leaves died with virus symptoms. Field
applications of the virus to cassava foliage have
also resulted in high mortality rates.

Improved Agronomic Practices

Several agronomic management practices also
assist in combating disease and pest problems, as
well as protecling plants from weeds and
improving plant quality. A summary of current
research in several such fronts follows.

Soil fertility. Cassava is remarkably well
adapted, physiologically, to acid, infertile soils;
yield reduction at low fertility levels is less than in
muost crops, Under acid, infertile soil conditions,
however, disease and pest attacks are extremely
severe. Few data exist on the interaction between
diseases and soil fertility conditions, such as pH
and nutrienl status. For the development of
clones that grow particularly well at low fertility
levels in acid soils, however, this interaction
should be borne in mind. Research studies are
now being initiated in this area.



Technology developed can readily be used by small farmers to obtain high yields

and increased income even under extremely poor agricultural conditions,

Land preparation. Cassava will not tolerate
very wel soil conditions. If the soil becomes
walerlogged, cassava growth is reduced and root
rot becomes a severe problem. Some varietal
resislance to root rot is known to exist: however,
probleims may he reduced in clones that arc
susceplible by planting on ridges. Furthermone,
when root rot prablems are severe, rotation with
cereal crops is an effective control measure.

Planting date. Anthracnose, CBB, and
superelongation disease are all severe problems in
the Colombian Llanos. When susceptible clones
are planted early in the wet scason, the diseasc
pressure builds up rapidly, and the crop can be
completely destroved. If these same clones are
planted shortly before the dry season, however,
pressure is reduced, and they still provide some
yield. In this manner, in the absence ol highly
resistant materials, diseases can he managed iy
changing the planting date. As new, highly
resislant lines hecome available, the farmer will
gain mare flexibility in his planting date This
flexibility, however, can also bring cerlain dangers
1f conseculive plantings are made in neighbaring
plots, the later plantings are: likelv to suffer rom
increasing severity of pest attack due to a huild-up
of inoculum potential. Furthermore, whereas
diseases lend to he more severe in the wet seasoen,
insect pests are more of a problem in the div

season. Hence, mapagement to reduce diseases
may augment the insect prohlems

Mixed cropping. Discase and pest epidemics
arc normally favored by gencte uniformily and
are reduced by growing mixtures of cultivars or
crops. In traditional cassava-growing
areas m the Americas, farmers net only mix
cassava with other crops but also grow a mixiure
of camsava cultivars. With the development of new,
improved varieties, it is prabable that farmers will
shift to only one or two varieties rather than a
mixture, unless several improved varieties are
available. The probability of severe epidemics of
diseases and pesls can also be reduced by incor-
porating good levels of resistance into new clones

As cassava production expands, farmers tend to
replace mired cropping with monoculture using
only une variety. In the "Campo Cerrado” of
Brazil, for instance, cassava production, in the
Curvelo area expanded very rapidly to provide raw
malerial for an alcohol production plant. [nitial
vields were about 20 t/ha on small plots. With the
massive expansion of monoculture cassava, yields
declined drastically to 3-6 t/ha on many
plantations due (o disease and pest epidemics.
Only now, nearly a decade later, are yields
approaching the initial levels with the
introduction of more disease-resistant lines and
integrated pest management programs.
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Table 4. Yield, percentage yield reduction, and number of cuttings per plant in the native
clone “Secundina” in relation to cutting source and type of selection.2

Yield {t/ha) Yield Number of cuttings
Fresh root reductian per plant/quality
Treatment Cutting source weight Starch (%) Good Poor
1 From meristem culture Ba ] 6a 3ab
2 From farms without symptoms
of mosaic; selected cuttingsb 6b 18 4be 5ab
3 From farms with mosaic;
selected cuttings? 5¢ 39 3 bed 4b
4 From farms regardless of
mosaic symptoms and without
selection of cuttings 2d 70 3 bed 4a

a. Values followed by the same letter are not significantly different from Duncan’s multiple range test (P = 0.05).

b. Visuaily selected for good quality.

Plant debris. The cassava stems left in the
field after harvesting can germinate and act as foci
of infection or infestation for the succeeding crop.
Roots left in the field can also act as foci of
infection for root rots. Wherever possible, roots
and stems should he removed from the field or
otherwise destroyed.

Planting material. Systematic production of
quality planting material is stilt the exception
among cassava growers, although the poor quality
of planting stock is a frequent cause of low yields.

An evaluation of the planting material
production capacity of different cassava genotypes
showed that the erect-growing, late-branching
cultivars produce the most good-quality stakes per
plant. These types are also frequently those with
the highest root yield potential. When a cassava
crop is primarily managed for stake production,
high planting densities of 20,000 to 40,000
plants/ha can significantly increase stake
production per unit area.

Because soil fertility influences topgrowth in
cassava, it thus affects stake production. In 1982
trials, good natural soil fertility or moderate
applied fertilizer levels on poor soils proved to be
sufficient for a well-balanced topgrowth and a
high proportion of stem material suitable for stake
production; high fertilizer levels upset this
balance, however, leading to much foliage and

many immature stems from which only a limited
number of quality stakes can be obtained. With
some information available on the effect of
mother-plant nutrition on stake production,
further studies are needed to assess the plant
nutrition carry-over effect with stakes into the
subsequent crop.

Other trials in the north coast of Colombia have
shown that cuttings ohtained from virus-free
plants, ohtained by meristem culture from plants
that have undergone thermotherapy, can greatly
increase yieids. It may not be practicable for
farmers to employ such sophisticated techniques,
but these trials did show that they may visually
select farms and piants from which to take
cultings so theyv may reduce virus levels and thus
substantially improve yields (Table 4)

Weed control. Because cassava is slow
to establish, good weed control is essential.
This can be achieved by hand weeding,
mechanical means, or chemical control. Cassava
is frequently planted at the beginning of the wet
season when farmers have a shortage of labor;
under these circumstances, chemical control
may be advantageous, and several effective
products are available in the tropics. Traditional
vigorous varieties, although they have low
yield potential, also compete well with weeds;
however, higher yielding types may require better



weed control lo show their potential superiority.
Much of the world's cassava is intercropped.

When cassava is grown with short-season

grain legumes, the rapid early growth of the

latter tend (o supress weeds. In one trial with

cassava and beans (Phaseolus vulgaris), and

in the absence of any other control measure,
the totat weight of weeds 135 days after planting
was reduced by 67% due to the intercrop. This
effect can be enhanced using pre-emergent
herbicides that are selective for both cassava
and beans.

Eifect of Soil and
Plant Nutrition on Crop Growth

Cassava and Long-term
Soil Fertility

To study the effect of continuous cassava
production on soil fertility and yield, a long-term
fertility trial was established in 1977 at CIAT-
Quilichao. With the completion of its fourth cycle
in 1982, the trial is continuing. Thus far it was
observed that applications of high levels of
phosphorus in the absence of adequate
applications of potassium initially resulted in high
vields, which, however, soon converied to very
low yields due to the depletion of soil potassium.

while the soils at the trial site originally were low

in phospharus but relatively high in potassium,
afler 4 years of continuous cassava production it
was determined that potassium fectilization is
mosl crucial for sustained high vields of cassava
roots. While vields without fertilizers were still
around 20 t/ha, the treatiment wilh an annual
application/ha of 100 kg of nitrogen, 87 kg of
rhosphorus, and 125 kg of potlassium resulted in
the very high vield of 66 t 'ha in the acid, low-
fertility soils of CIAT-Ouilichao. Although this
fertilizer level implies a cost of about US$250/ha,
the value of the vield increase obtained is around

Table 5. Effect of fallow state and fertilizer application on cassava root yield {t/ha).

Site 1 Site 2 Site 3
Short Short Long Short Long
fallow fallow fallow fallow fallow
No fertilizer applied
Local cultivar 9 6 16 6 22
ClAT-introduced variety 13 12 30 7 14
Intermediate use
of fertilizera
Local cultivar 12 7 17 19 23
CIAT-introduced variety 12b 20 33 18 16

3. 50-50-50 N-P-K in Site 1, 50-100-700 in Site 2, and 50-50-100 in Site 3. Fertilizer level determined by soil fertility needs.

b. Root rot substantially reduced yield in these plots.
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Poor quality of planting stock is a frequent
cause of low vields. Simple techniques such
as using erect-growing cultivars, can
markedly improve both the quantity and
guality of planting stakes.

US$5000 at present fertilizer and cassava prices,
thus pointing to the fact that ferilization of
cassava can be highly economic.

Cassava-Mycorrhiza
Association

The importance of an effective association of
cassava with mycorrhizal fungi in soils with low
levels of phosphorus has earlier been amply
demonsirated. In 1982, research on the factors
that determine the effectiveness of the association
were continued, both in greenhouse and field
experiments. Major emphasis was placed on the
collection, identification, purification, and
multiplication of efficient new strains collected in
various parls of Colombia. Some of the most
efficient strains were found to be previously
undescribed species. The recently named species,
Glomus manihotis, originally collected in C1AT-
Ouilichao, was found to be amang the most
efficient strains in a range of spils.

While responses to mycorrhizal inoculation
have been quite dramatic in greenhouse trials, in
the field they were smaller and ofien not
significant. In four trials in Quilichac, only
nonsignificant responses to inoculation were
registered. Soil sterilization, however, decreased
yields to less than 50% because of the initial

elimination of the native mycorrhizal papulatian,
even though plants had later recuperated due to
re-infection from unsterilized subsoil and borders.
This indicates the importance of mycorrhiza for
phaspharus nutrition of cassava and the high
efficiency of the native population in Quilichao.
However, similar trials in Carimagua, where the
native strains are less efficient, produced
significant yield responses to inoculation with
Glomus manihotis, as well as with selected other
strains, even in unsterilized soil. In unsterilized
soil, inoculation increased yields up to 37%,
whereas in the sterilized soil, the increase was
200%. Highest yields were obtained in the
sterilized soil with inoculated plants. Comparing
roots of different plant species as sources of
inoculum, it was found that inoculation with
infected roots of cassava produced the best
responses, increasing yields 64%.

In a trial en phosphorus sources and levels,
greatest responses (o inoculatian were obtained
with the application of 100 kg/ha of phosphorus,
but at either higher or lower levels, the
inoculation response was nonsignificant.
Inoculated plants with phosphorus applications
of 50 kg/ha produced the same yield as naon-
inoculated plants with 100 kg/ha, indicating that
in phosphorus-deficient soils with a low or
inefficient mycorrhizal populaltion, inoculation
seems 1o be a promising alternative to high
fertilizer applications.

Fallow vs. Fertilizer Use

Available data on cassava production systems in
Latin America suggest that only rarely do farmers
use fertilizer on cassava. Cassava farmers tend fo
operate relatively small-scale holdings, but this in
itself does not appear to be the reason for the lack
of fertilizer use. Small-scale farmers growing such
crops as beans, potatoes, and tomatoes do apply
fertilizers. and even cassava farmers use fertilizer
with their other crops but seldom with cassava.



Previous on-farm research results and the more
detailed surveys of cassava production suggest
that farmers use either a fallow or crop rotation
systern 1o maintain soil fertility levels and yields.
In 1982, the Cassava Program's on-farm research
set as ils objectives to evaluate the role of fallow in
traditional cassava production systems, to
determine whether the higher yield potential of
improved varieties could be maintained in such
systems, and to test whether fertilizer could
replace fallow in cassava production systems. The
trial design involves a cross-section stratification
of farmers on the basis of fallow state. The (rials
were carried out in four locations, and will be
repeated in 3 more cycles. The 1982 planting was
the first cycle, so these results are preliminary.

Although there were differences between
regions, certain general patterns of yield response
did arise in the first year of the evaluation (Table
5. First, a chemical soil analysis showed the soils
to be universally infertile, with levels of soil
phosphorus and potassium falling below accepted
critical limits. Moreover, there was no significant
difference in soil analyses between fallow states,
with the short-term fallow often having slightly
higher levels than the long-term fallow periods.
Second, at zero fertilizer application, the longer-
term fallow plots consistently gave a higher yield
{on average, over 100%) than the short-term fallow.
Third, there was a general but not universal
pattern for a substantital response to fertilizer on
the short-term fallow and a lack of a profitable
response on the longer-term fallow plots. Finally,
there was a general but not universal tendency for
the fertilized plot under short-term fallow 1o
produce a lower yield than the long-term fallow
plot without fertilizer. Generally, the maximum
vield in the long-term fallow plots was higher than
the maximum vield in the short-term
fallow plots.

These first-year results suggest reasons why
farmers can produce cassava without using
fertilizer. Fallow provides an effective means of

Rapid postharvest deterioration is a major
constraint for efficient cassava utilization.
Low-cost treatment and packaging of
cassava fresh roots can greatly increase
their shelf life.

maintaining yields, given an adequate supply of
low-cost land. However, since most cassava
farmers operate quite small holdings, an effective
fallowing system is often constrained by land
availability. As shown by the trials, 2 degrading
fallow resulls in a large sacrifice in yields. On the
other hand, the yield patterns also suggest that
one fertilizer application cannot subslitute for
fallow. Data from long-term fertility trials (see
above) suggest that only continued year-afier-year
applications of fertilizer can build up soil fertility
and organic matter levels in the soil comparable
to those obtained in long-term fallow. This result
possibly ties in with the facl that chemical soil
analysis does not give an indication of other
important factors, such as good soil structure,
microbial aclivity, and nutrients tied up in
decomposing plant malterial. Sotl fertility
management will play a crucial part in increasing
and maintaining cassava yields. However, the
above results suggest that chemical fertilizer will
be only one component of a more integrated soil
fertilitly management strategy and that such a
strategy will have a longer time horizon than a
single crop year.



Improving Cassava Utilization

Extension of Shelf Life

Cassava's very high carbohydrate production
polential per unit of land or labor, and its ability
to produce well under marginal agricultural
conditions, make this crop a basic rural slaple
throughout the tropics and subtropics of the
world. However. its high post-harvest perishability
significantly reduces the advantages of cassava for
human consumption over grains with their
relatively low marketing costs.

Deterioration is hoth physiological and
microhial. Previous work al both the Tropical
Products Institute twhich collaborates with CIAT
in the development of post-harvest technology for
cassava) and at CIAT showed that the post-harvest
accumulalion of a phenolic compound, scopoletin
{a coumarin), is implicated in the development of
the blue-black tissue discoloration characteristic
of physiological deterioration. Varietal differences
in phvsiological deterioration have been observed.
with roots resistant to such deterioration
accumulating less scopoletin content than
susceplible roots. A quick assay for scapoletin has
been developed and is now being used in
screening for resistance (o deterioration.

While resistance to physiological deterioration
can be obtained through appropriate selection of
undamaged roots, post-harvest curing thigh
relative humidity and temperature conditions
which promote wound healing), and careful
harvesting and transportation, medium-term
storage can onty be achieved through the control
of secondary, or microbial, deterioration, which
normally commences 5 to 7 days after harvest.

Any storage system must have low cost and fow
labar requirements if adoption by farmers and
wholesalers is to be achieved. Previous work had
demonstrated that boxes filled with sawdust are
successful, but a more practical solution that
would permit easy transport was desired. Hence,

work based on plastic bags (initially started in
1977) was continued. Laboratory experiments
were conducted in which roots were treated with
potassium sorbate, a low-cost antimicrobial agent
with minimal residue problems, and stored in
polyethylene bags far curing. Without any pre-
treatment, substantial fungal and bacterial growth
was observed after only 7-10 days of storage,
whereas no microhial growth was obseirved in
rools ireated with potassium sorbate, even after 2
weeks of storage. Subsequent large-scale
experiments using perforated bags to reduce the
amaunt of free water formed inside the closed-bag
system permitied root storage for up to 2 weeks
without the necessity of sorbate treatment,
indicating that perforations in the bags permit a
balance between the high humidity needed to
obtain good curing conditions and the
requirement that there not be any excess free
walter that would encourage microbial activity.

As Animal Feed

In many cassava-producing countries. the future
demand for the fresh market is uncertain, and
increased processing will be required 10 relieve
the marketing constraints and to allow cassava to
enter markets with a substantital growth potential.
A particularly promising growth market is animal
feed. The Cassava Program has continued its
pouliry and swine feeding trials to determine
teast-cost diets containing cassava meal as a
subsltitute of feed cereal grains, notably sorghum.
This work has led to the following conclusions;

¢ Whole roots of cassava varieties with high
cyanide content can be safely used in
broiler feeds if properly processed.
Sun-drying of whole root chips is a highty
efficient processing method to reduce
cyanide content to harmless tevels for animal
feeding.



5 T

g - .
BT ERa B

Improved cassava drying systemns are now being used commercially to produce
chips for incorporation in poultry rations. Initial results suggest that the
introduction of these new drying techniques could revolutionize production and

The satisfactory results obtained with broilers

fed diets containing 30% of cassava meal
with experimentally produced high levels of
300 ppm of cyvanide suggest that the limit
for hydrocyanic acid set by the European
Economic Community (100 ppmi could be
reevaluated.

The combination of three protein sources
Isoybean, fish, and cottonseed meal) in
balanced diets containing 20% cassava

meal produces better broiler performance
than that obtained with fewer protein
sources. Palatability aspects of the protein
sources are important considerations in
obtaining optimum nutritional value of
cassava meal.

For the feeding of growing pigs and lactating
sows and their litters, cassava-hased diets
fi.e., 30-40% of the diets consisting of
cassava meal produced from whole roots of
varieties containing high levels of cyanidel
led to similar or identical results as sorghum-
hased diets.

marketing of cassava in the Americas.

With the price of cassava meal fixed at 80% of
the price of sorghum, diets based on cassava meal
wre invariably found to produce economic results
similar to or slightly better than those obtained
with sorghum-based diets. By using cassava in
feed rations, many countries could reduce their
large imports of feedgrains—at minimal cost to
the economy in that cassava expansion will use
unexploited, marginal land and absorb part of the
paol of unemployed laborers. in Colombia, for
exarnple, balanced feed production for broilers
and pigs amounts to approximately 500,000 tons
per year. The inclusion of 20% cassava meal in
balanced feeds for these animals would require a
total of 100,000 tons of dried cassava chips, which
could readily be produced in areas such as the
Atlantic Coast where CIAT, in collaboration with
Colombian national institutions, has
demonstrated through a series of prototype
operations, the economic feasibility of small
farmers collectively producing and processing
cassava for the animal feed marke1.



CIAT has recently increased its research and collaboration in Asia, which
produces 40% of the world’s cassava for a multitude of uses.

International Cooperation Activities

The production and utilization technology being
developed at CIAT must be transferred to the
national agencies where it is tested, modified, and
adapted 1o specific local conditions before
adoption by farmers. In the case nf utilization
technologv and agronnmic practices, the adoplion
and testing phase can be relatively rapidly carried
out, however, in the case of development of new
germplasm, the process is much slower and
requires a continued effort over several vears.

In 1982, with the cooperation of national
agencies and two other international centers
involved with root crops. 1ITA and CIP, a
combined effort was made 10 review and improve
the process of germplasm exchange and testing.
In three workshops—held in Asia. Latin America,
and Africa—national programs presented data on
progress made in germplasm lesting and
evaluation. The latest techniques to minimize
risks of introducing pests and diseases wilh
imported germplasm were presented to
quarantine officials from the various agencies
attending, and guidelines were laid down for the
safe interchange of material in the future. The
risks involved in germplasm exchange were

carefullv weighed against the patential benefits of
utilization of the new high-vielding varieties now
available With the help of UNDP, which financed
all three workshops, the proceedings of the
workshop in Latin America have been published
to serve as the basis for future germplasm
exchange and testing.

In addition, breeders and agronomists from
various countries in the Americas were invited to
CIAT to review their experiences with germplasm
improvement over the last few years. The
published proceedings of this workshop clearly
show the slow but continuaus development of
new germplasm.

Latin American
Germplasm Release

In Cuba, clone CMC 40 intreduced from CIAT in
the mid-1970s is now grown on 250 ha, and
projections suggest that it will occupy 15% of the
total area in 1985, At the same time, the national
program, wilh 11 professionals trained at CIAT,
has developed its own clones, CEMSA 5-28 and



The development of new cassava germplasm

requires a long-term commitment

by national and international agencies.

CEMSA 74-725, which logether are expected to
occupy a further 20% of the 1otal acreage. The
rapid increase in area planted with new varieties
in Cuba has only heen possible because of the
existence of rapid propagation syslems, developed
at CIAT and modified in Cuba. As one Cuban
technician reported, ", the help of CIAT has
generated a new technology known as the
Colombian System that has completely
revolulionized cassava production in the
country.”

The Mexican national cassava program was
initiated in 1977 with the abjective of replacing
imported sorghum and maize in balanced diets.
However, as early as 1970 CIAT had collaborated
with the Inslituto Nacional de [nvestigaciones
Agricolas (INIA), in the collection of germplasm
throughout south and southeast Mexaico. One of
these earlv collections, M Mex 59, and another
introduction from the CIAT collection, M Pan 51,
have now been released in Mexico. The latter
variety has shown particularly good disease
resislance.

In 1978, 1500 seeds from 14 crosses were sent to
an ex-CIAT student working at Tarapoto in the
jungle of Peru. Of these 1500 hybrids, a small
number with high yield potential and starch
content were selected and are now being further
evaluated. In Ecuador. starting in 1975, mosl
material was sent in the form of stakes rather than
sexual seeds. Several of the introductions that
performed well have been given 10 farmers.

The first materials introduced to Haiti from
CIAT were in 1976. CMC 40 introduced in that
vear has now been released as Madames Jaques,
and several other clones and hybrids are being
multiplied for possible future release.

Cassava in Asia

In Asia, a similar pattern of selection of materials
over the years is occurring. The first sexual seed
was sent to Asia in 1975. In Thailand two of the

selections from the original batch of only 800
seeds are now being lested on farmers’ fields as
Huey Pong 4 and Hueyv Pong 5 One of these lines
is likelv to be released in the near future

Similar results have been olMained in Malaysia
where several hvbrids introduced in the mid-
sevenlies are now in the final stages of testing
before release. [n the Philippines, although no
CIAT clones have been officiallv released, several
of these are being grown commercially on a small
scale

All 1he reports on germplasm movement i the
Americias and in Asia point to a steady incaaorable
process of germplasm evaluation leading
eventuallv to use by the tarmers Often varietics
are not officially released hut farmers get hold ot
them and use them. This is particularly natable in
Colomhia where many farmers are using materials
nbtained from the regional trials even though they
have never bheen officiallv released. 10is also
interesting 1o note that there is @ delay of about 8
vears from introduction of new clanes or sexual
sevd before they reach farmers. Hence farmers are
now heginning 1o receive materials developed in
the mid- to late seventies and over the next lew
vears will he receiving the newer improved lines
developed in the 1980s.

Manpower Development

In addition to the three workshops an germplasm,
in which 35 professionals participated, two
intensive courses were held in 1982. A 4-week
course on cassava tissue culture demonstrated
both laberatory work and rapid multiplication
methods for certified seed production. In a short
course in binlogical control. some lectures were
attended by more than 150 peaple.

In-country training on cassava production was
held, with CIAT assistance, in Brazil, Colombia,
the Dominican Republic, and Haiti.

To date, since 1970, a total of 410 professionals
in cassava have completed training at CIAT.
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Formatl contacts at workshop and training maintained, then, through publications and
sessions are complemented by informal meetings documentation services, and regular
during travel. These network linkages are correspondence.
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ice is one of the mos! widely cultivated

crops in Latin America, with approximately
& 2 million ha of land planted at present (Figure 11
Curmently, total production in the arca is
estimaled to be aver 15 million t/year, and per
capita rice consumplion is estimated to range
lrom 9 kg/capita in Mexico to 26 in Venezuela,
57 in Colombia, and 79 in Brazil

In the past 15 years, Latin American rice
production has increased al an annual rate of
2.8, equal 1o the population growth rate. In
general, one-third of the increase in production,
can be attributed (o increases in vield
Nevertheless, importation of rice to Latin America
has also increased from abouwt 385,000 tons in the
period 1963-1965 ta some 470,000 tons today. To
help the area become selt-sufficient in rice
procduction, therefore, expansion into the
extensive region still unplanted, with favorable
topography, adequate lemperatures throughout
the vear, and sufficient moisture vear round, may
be needed.

Thus, the primary objective of the CIAT Rjce
Program conlinues to be to increase production
and crop yelds, and to improve rice quality, to
meel consumer demand for this staple food. The
rwo hasic strategies are 10:

e Develop improved rice germplasm with a high
vield capacity and superior quality, resistant to
the most limiting production problems and well
adapted to the soil and environmental
conditions;

e Determine the agronomic praclives appropriate
lo conditions in various regions.

The Program closely collaborates with [RRI
iinternational Rice Research [nstitute), whenever
possible, adapting its plant materials and
technologics 10 specific needs of the region. In
addition, CIAT is hosling an IRRI/CIAT liaison
scientist who manages rhe well-established Latin
American seclor of the International Rice Testing
Network 1RTPI

For several years, CIAT emphasized lowland,
irrigated rice in its research. Beginning in 1981,
the Rice Program expanded to include the more
favored tvpes of upland rice in Latin Amcrica.

In the region, upland rice now accupies a major
partion (72%) of the total rice area, while irrigated
rice represents aboul 20% of the ared and half the
production It is projecied that production of
favored upland rice will rise to almost 14 millien
Lons by the vear 2000 (Figure 2i. Rainfed lowland
rice, in the Asian definition, covers less than 7% of
ihe Latin American rice area. The bulk of upland
rice is found in Brazil; also in Central America,
maost (87%) rice production is from upland rice
Meaico recentlv adopted a policy of shifting from
irrigated rice to upland preduction in the humid
southeast. and upland rice culture cccupies
significant areas in Bolivia, Colombia, Ecuador,
and Venezuela.

All this aclivily and interest in upland rice
reqquires development of a mare appropriate
lechnologv and improved varieties hetter suited 1o
the diverse growing canditions.

CIAT's approach is 1o continue its work on
three rice-growing ecasyslems—irrigated;
moderately tavored upland: and favored upland
areas In 1982, FEDEARRQOZ, the Colombian
National Rice Federation, contributed 30 ha of
land 1o CIAT, ereatling a fucility in Colombia for
favored upland rice research in Lalin America.

The general research procedure includes
breeding for stable resistance 1o the various
diseases and pests; lesting of improved lines from
CIAT, IRRI, and national programs through the
international rice-testing nurseries (1RTPI for Latin
America: and seed multiplication and production,
which is handled directly by national programs.

Linkage of rice researchers Ihroughout the
region is emphusized, both through the IRTP and
manpower development
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Figure 1. Distribution of the rice crop in Latin America, 7980.
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Figure 2. Projected estimates of rice production
in the three main production systems in tropical
Latin America for the period 1980 to 2000.
Predictions are based on past trends in area
expansion, relative profitability, land availability,

CIATs intensive effart to develop
improved rice varieties for both irrigated
and upland conditions serves

rice production in Latin America

and other factors. and the Caribbean.




High priority is given to breeding for
resistance to both the plant hopper and

the hoja blanca virus.
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Summary of Achievements

Over the vears, the Rice Program has been most
successful in adapting the new high-vielding rice
technology to the irrigaled and favored upland
production svstems throughout Latin America.
Muore than 50 dwarf varieties based on lines
developed by CIAT's Rice Program have been
released by 15 national programs in the region,
and these varieties now are grown on about

1.7 million ha {or 81%! of the irrigated rice area.
In some cases. there has been an adoption of
new improved varieties at the level of up to
100% fTable 1.

In general, vields in the irrigated sector have
increased 1.2 tons/ha to an average of 4.0 tons/ha
in all of Latin America This is a 43% increase over
average vield estimaled in the absence of research
programs and brings Latin America third in rice
productivity afier southern Eurupe und the United
States In conjunction with improved cultural
practices. the use of these improved varieties has
provided the means for nearly all Latin American
countries 10 reach self-sufficiency in rice supply.

Much of the improvement work in irmigated rice
continues to be directed at finding more durable
resistance to the rice blast disease, the major rice
production problem throughout the region.
Several lines are in advanced stages of evaluation:
these cambine acceptable levels of resistance 1o
blast with resistance to hoja blanca disease and
the Sogatodes ieafhopper (the vector of the hoja
blanca virus) and are characterized by very good
grain quality.

with the impact on rigated rice clearly
defined. CIAT is now able to maove more strongly
into research on upland rice in Latin America.
Some work has already been done in testing
irrigated varieties for use in upland areas. By 1982
promising parental material for use in the upland
rice breeding effort had heen tested in various
upland sites. and advanced generations of
progenies resulting from crosses involving
promising parents are now undergoing extensive
evalualion.

Irrigated Rice
Production Systems

[rrigated rice is found on the Pacific Coast of
Mexico and in Nicaragua, and in the Caribhean
countries, most rice is cultivated under irrigated
conditions: in Cuba, the Dominican Republic. and
Haiti irrigated rice predominates over upland, and
in Guavana and Surinam il constitutes 80% of the
total. In the Andean countries—in Colombia.
Ecuador, Peru, and Venezuela—both rice
production systems are found. Irrigated rice is
also produced in temperate Argentina, southern
Brazil, Chile, Paraguayv. and Uruguay

For this area, CIAT's goals are to find stable

resistunce 10 the rice blast disease and locate new
sources of resistance to sheath blight, leaf scald.
and grain discoloration A high priorityv is being
given to breeding for resistance to both the plant
hopper Sogatodes orvzicola and the hoja hlanca
virus The paossibilities for further vield increases
are being explored through the use of many
widelv adapited, high-vielding parents in the
breeding program. A major aim is to produce new
varieties thatl increase average vields and reduce
the cost per ton of food produced.
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Although rice is produced commercially, many small farmers still cultivate

the crop for their own consumption, as is the case with this farmer in the north

Breeding Varieties for
Disease Resistance

Apart from weeds, the three major hiological
constraints to irrigated rice production are the
rice blast disease, caused by Pyricularia orvzae,
the hoija blanca virus disease, and the plant
hopper Sogatodes orvzicola. Grain discoloration
caused bv a complex of pathogens affects the
marhet value of the crap and is particularly severe
in acid, infertile soils Leaf scald caused by
Rhvnchosporiem orvzae affects rice both under
irrigated and upland culture. In addition to foliar
damage, R. orvzae has been identified as one of

the pathogens causing grain discoloration, as well.

In Central America and some locations in
Colombia, sheath blight caused by Thanatephorus
cucumeris damages rice

CIAT's rice breeding efforts are geared 1o
preventing outbreaks of these diseases.

Evaluation for resistance. A new relative
evaluation system (RES) for assessing resistance 1o
rice blast and scald was developed and applied by
the Rice Program in 1982. Using this svstem, 392
lines or cultivars were 1ested for resistance to
various diseases.

coast of Colombia.

The RES fTable 2)is based an the compartson of
plois or ptants with a standard entry (Table 3)
rather than quantification of the amount of
disease in each entry. Conventional disease
evaluation requires a visual estimation of disease
severily, indicating both incidence and intensity,
1o assign a scale rating But such visual
quantification under field conditions is difficult
and tedious. The RES. on the other hand, is
simple and rapid and can be done by
inexperienced observers. The kev is to retain a
mental image of the disease intensity in the
standard entry.

Hoja blanca disease. An increased incidence
of the hoja blanca virus disease was repaorled in
several countries. including Colombia, since 1981,
Resistance 1o the vector, formerly considered a
reasonable safeguard against the virus, has failed
to provide protection during this time. Severe
incidence of hoja blanca has been observed
among varielies resistant to the vector. Hence, the
Rice Program isvigorously pursuing a breeding
objective of comhining resistance to both the
vector and the virus.

Since 1981, crosses have been made and 64
acvanced breeding lines for medium-maturity
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duration were derived and tested in vicld trials in
Villavicencio, Calombia. Under natural infection,
incidence of hoja blanca was severe. Of the 64
lines, 34 (53%) were field resistant 1o the virus.
These lines, however, were susceptible in other
countries where virus levels were higher. Sources
ol trua resistance, functional in all locations, were

Table 2. Procedure to define grade of
disease intensity using the relative
evaluation system (RES).

Step Procedure

Identify the Standard Entry
1 Carefully abserve all the entries 1o identify
aone with a maximum level of infection
and assign grade 9. This entry 15 called the
Standard Entry at the tme of evaluation and may
vary from evaluation to evaluation.
2 Describe the plant’s growih stage.
disease incidence or severity, and presence of
other diseases. if any, in the Standard
Entry.
3 Form a mental image of rhe Standard
Entry, and indicate this as
grade §
Evaluate individual entries
4 Evaluate individual entries by comparing
their relative level of infection with that of the
adjacent eniries. Use the scale from 0 to
9 (see Table 3).
5  Repeat the procedure, but do not refer
1o the first evaluauon. Compare both
evdlaations. If there are large discrepancies,
evaluate the plot a third time
Quantify the data
6 To quantify the damage, randomly select
entries for each grade using a pictorial index.
Compute the value for each grade using
either anthmetic average or regression
analysis between grades and values.
& Transform all the grades into quantitative
terms.

=~

identified and are being used in expanding the
genetic base of the Program

Rice blast disease. Rice blast disease is u
major constraint throughout Latin America for
irrigated rice production, and is a major aspect of
the Rice Program and the [RTP. Breeding laclics
include pyvramiding of major genes, incorporation
of slow-blasting characteristics, and the
development of composite varieties.

Continaous effurt is being made to broaden the
genelic basis of resistance to rice blast. Based an
nursery reactions in repeated trials and panicle
blast reaction under field conditions, additional
resistance sources were identified or confirmed in
1982, and many cultivars from the lvory Coast
were found 1o be resistant. Their tvpe of
resistance remains (o be confirmed, aithough the
majority are believed to have the slow-blasting
tvpe of resistance. In a leaf blast nursery

Table 3. Scale for relative evaluation
system (RES).

Grade? Description

0 Carelul observation of all plants reveals
no infected plants or leaves

1 Rapid observation does not detec
infecied leaves or plants, but careful observation
detects a few infected leaves or
plants,

3 Rapid observation detects a few infected
plants or leaves.

5 Distribution of infected plants or leaves
is uniform.

7 A high level of infection; but clearly less than
the Standard Entry.

9  Maximum level of infection, at the time
of evaluation defined by Standard
Entry.

a Intergrades 2, 4,6, and 8 can be used when the infection
level of the Standard Lntry is extremely high.



A sudden and serious resurgence of the hoja blanca

virus was observed in previously resistant fields in the
Colombian Uanos, confirming the cyclical nature of the
disease. To prevent more widespread outbreaks, CIAT is
working both an biclogical control through parasitism of
the Sogatodes vector and on breeding for crop resistance
to hoth the insect and the virus.

evaluation in 1982, 944 of the irrigated breeding
lines and 96% of the upland accessions were rated
as registant or moderately resistant to the disease
Pvramided line 5738 was earlier found highly
resistant to rice blast, and in 1982 was named
Oiyzica 1 hy ICA. In Panama and Guatemala, the
same line is under seed multiplication and will
shortlv be recommended for extensive cultivation.

Combination of slow-blasting
components. Longer latent periods, fewer and
restricted lesions, and reduced sporulation are
helieved to he the main components of siow
blasting, or the rate-reducing (thorizontal), type of
resistance 1o rice blast disease. Over 1200 F,
progenics originating from the horizoental
resistance breeding project were planted in
pedigree rows at the villavicencio station. Almost
all the parental sources for slow blasling have
heen found to be tall, upland types characterized
by verv poor combining ability. In addition, all the
tall parental sources were found to be highly
susceplible 1o hoja blanca.

tn this trial, over 90% of the rows succumbed 1o
hoja blanca. A large number of lines were also
found to be severelv uffected by leaf scald and
grain spaotting. Of thesc 1200 lines, 46 progenies
were selected to he advanced lo vield trials.

Over 900 selections made from combinations of
vertical genes and slow-blasting components were
evaluated at CIAT-Palmira, and the promising
lines advanced 1o F, progenies. Because many of
the parents involved were susceptible to hoja
blanca, over 95% of the progenies were affected by
the virus. Approximately 30 progenics were
identified as promising, resulting from the
following crosses:

Camponi//2940/3224
5745//Camponi/K8
5738//IR 262/Costa Rica
5738//63-83/Ceysvoni

The selected progenies were characterized by
good grain tvpes, plant type, and lodging
resistance; they were advanced to yield trials.

Improvement of CICA 8. CICA 8 has gained
wide popularily and farmer acceptance because of
its wide adaptability and high yields. Its blast
resistance has broken down under upland
conditions, however, and it has succumbed to the
hoja blanca virus. A project was initiated to
incorporate additional genes for blast resistance
from Colombia 1 and S.M.L. 56/7

CICA 8 was backcrossed three times to each
variety, and a 1otal of 116 BC,F, progenies were
planted for testing. Under reasonably good blast
pressure, 24 lines from the two backcross
programs were identified as blast-resistant.




Recognizing the importance of upland rice
in Latin America and the potential
contribution of concerted research, CIAT
expanded its rice-improvement program (o
include the upland rice sector.

heen attacked by testing the results of combining
two postemergent herhicides. In 1982, studies
were continued on the effects ol applications of
oxviluorien and prepanil; treatments and results
are shown in Table 4.

Both herbicides have a low phythotoxic effect,
and theyv do not intertere with rice vield. Costs are
also low, because of the low doses applied
Highest rice vields were oblained when propanil,
in doses of 3 6 kg active ingredient (All/ha, wus
sprinkled after sowing and walering the rice,

followed by the application 3 days later of
oxviluarfen, in doses of 0.15 or 0.10 kg Al/ha,

Top 5430, a Panama line derived from CIAT- mixed with ured.

supplied F, maierial from the cross

IR 22'//IH .[330-147-8/C0h?_m1.hi;l .1 ha.s been named New Rice Varieties Released

and is under seed multiplication in Panama The

new line is characterized by good grain quality, Eight new varieties were released for the irrigated

but it is moderately susceptible 10 leaf scald and rice sector in 1981 and 1982.

sheath blight. In Brazil, varietv IAC 1278 was selecled from the
1979 IRTP and in 1982 it was released (o growers

Weed ContrOI CICA 8 WE.lS released by EPAMIC under the
commercial name INCA 4440. In El Salvador and

One of the priorities for agronomic management in Venezuela, varieties originally crossed at CIAT

of irrigated rice is control of weeds, especially the in 1972 and 1975 were released with the names of

Cvperaceae and Gramineae. This problem has Centa A 2, Centa A 3, and Araure 1. In Guatemala,

Table 4. Effect on rice yields of various pre- and postemergent herbicides.

Dose Period of Yields
Treatment (kg Al/ha) applications Toxicityb  (kg/ha)
Propanil + oxyfluorfen/urea 36 + 0.5 Post + post 3 6141 a
Propanil + oxyfluorfen/urea 3.6 + 0.10 Post + post 3 5977 a
Oxyfluorfen + oxyfluorfen/urea 0.28 + 0.2 Pre + post 6 5792 ab
Propanil 36 Post 3 5329 abc
Oxyfluorfen + propanil 02+ 36 Pre + post 5 4800 be
Oxyfluorfen 0.28 Pre 5 4623 bce
Control 1 2900 d

2. Pre = preemergent; Post = postemergent.
b. Degree of toxicity 1o the rice plant; scale = 1-9, where 1= all plants healthy and 9 = all plants dead.
c. Yields followed by the same letter are not significantly different (Duncan).



ICTA named and released the variety Tempisque,
which resulted from the same cross as Centa A 2.
INLA in Mexico has recommended Cardenas

A 80, which originated in Thailand, for the

Upland
Production

Upland rice yield constraints differ quantitatively
and qualitatively from those of irrigated rice.
Essentially all soils increase in fertility when
flooded. This does not occur in upland rice,
which suffers a number of mineral deficiencies or
toxicities. These are most severe in the moderately
favored and unfavored upland ecosysterns.
Upland rice grown on strongly acid soils is
negatively affected by aluminum toxicity and
deficiency of calcium and phosphorus.
Additionally, the relatively low water-holding
capacity in the root zone of upland soils creates
drought stress, which is most severe in areas ol
low rainfall. Drought and soil infertility interact to
predispose rice to attacks by fungal pathogens.
Thus, upland rice yields are constrained by soil
problems, drought and diseases, and their
interactions. Additionally, there are several
agronomic stresses including difficulty of stand
establishment, weed competition, and the
ineffectiveness of herbicides during drought
stress.

Plant types developed for irrigated conditions
are not necessarily suitable for favored upland
culture, therefore. Moreover, all the additional
stresses make the rice plant less tolerant to
attacks from pests and diseases.

Figure 3 shows the Program's projected
breeding emphasis for upland rice varietal
improvement in the 1980s.

Because upland rice is grown under various
systems in Latin America, each with distinct
production constraints, testing sites for upland

lowland dry zones and irrigated areas in the stale
of Tabasco.

In Panarma, variety Tocumen 5430 was released
by the University of Panama rice program,

Rice
Systems

rice include the following ecosystems: highly
favored upland (Santa Rosa, Colombial; favored in
terms of rainfall, but unfavored in terms of soil
quality (La Libertad, Colombia);, and moderately

Relative emphasis (%)
100

Insect resistance

B0 -

20

1980 1982 1984 1986 1588 1990

Year

Figure 3. The Rice Program’s varietal
improvement efforts on upland rice will
emphasize five major areas of research during
the 1980s.
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CIAT works in close cooperation with the Colombian Agricultural Institute (1CA}

i the evaluation and release of improved varieties to farmers in Colombia. 1CA’s
rice program facilities located in Palmira are used to evaluate blast resistance of

lines and varieties of ICA/CIAT’s cooperative program.

favored (Rio Hato, Panuma). Tall rice phenotypes
are desired for the La Libertad ecosystem, and
dwarf types for the other two.

Each site differs in organic matter content,
soil pH, fertility, texture, water-holding capacity,
total rainfall, and rain distribution. Aluminum is
particularly high in La Libertad. Disease pressure
is high in all sites but is more severe in Santa Rosa
and La Libertad Total rainfall is over 2500
mm/year and well distributed in Santa Rosa and
La Libertad, whereas it is' much lower
(approximately 1400 mm/ and erratic in Rio Hato.
These three sites represent the favored 1o
moderately favored upland rice environments in
Latin America in terms of precipitation. Rio Hato
is most representalive af the upland conditions
prevailing in Central America.

CIAT's upland rice program is also working on &
potentiallv important production system that
combines excetlent rainfall with strongly acid,
infertile soils. This environment is found in the
vast savanna regions of Colombia and Venezuela
and in the jungle areas of Peru and northern
Brazil. Existing varteties in these areas are tall land
races that tolerate aluminum toxicity, phosphorus
deficiency, and tungal disease ai low input levels.

Breeding for Disease and
Pest Resistance

One of the constraints to upland rice produclion
are several pathogens and pests, which are not as
widespread as rice blast bul cause losses in
specific areas. These include Rhvnchosporiam tleat
scald), Helminthosporium tbrown leaf spot), grain
discoloration, hoja blanca virus disease, and the
plant happer Sogatodes arvzicola.

Breeding for favored upland rice is conducted
on moderately fertile, alluvial upland soils,
without supplemental irrigation, 1o expose
populations to upland soil stresses. Fungal
disease pressures on segregating materials and
acdvanced lines are induced using appropriate
designs. Parents for crosses are carefully selecied
among desirable lowland varieties and crosses 10
upland varieties from the Americas, Africa, and
Asia. Currently, there are about 640 entries in
CIAT's upland germplasm bank.

The F, generalion is grown at CIAT
headquarters; from the I, onward, evaluation and
selection are done under upland conditions in at
teast four different sites. Alluvial soils in
Villavicencio, Colombia, are used to select material



fur favored upland environments with two crops a
vear. An Oxisol site in Villavicencio is used to
select materials for the highly infertile, acid soils:
selections made there are senl to Yurimaguas,
Peru, for planting and evaluation and then
brought back to La Libertad, Colombia, for another
evaluation. Penonome, Panama, is another site for
selection and evaluation. Some of the lines coming
fram this project should be useful in some parts
of northern Brazil, in addition to the vast savannas
of Colombia and Venezuela and some acid areas
in Bolivia and Peru. A collaborative research
project has been signed between [DIAP
(Panamanian Agricultural Research Institutel and
CIAT, which allows the Program to use Rio Halo
as a selection sile for the moderately favored
emvironments found in Central America. Some
national programs, including those in Costa Rica
and Guatemala, alreadyv have the capability of
handling early segregating malerials and are
receiving sume F, populations.

Selections showing high promise are turned
over o the TRTP program for evaluation
throughout Latin America. The IRRI representative
at CIAT helps the CIAT upland breeder select the
mosl appropriate materials for the IRTP.

Irrigated Materials for
Upland Conditions

The excellent collaboration between the rice
program at CIAT and 1CA has resulted in more
than 50 dwarf cultivars released by national
programs in the region. These cultivars have
impacted upland rice production in specific
counitries, but they were an unexpected spinoff
from hreeding under irrigated conditions. These
cultivars have high yield potential in these
conditions where blast and weeds are the most
important yield constrainis.

Disease pressure is severe at the Santa Rosa
substation, and of a total of 196 F,, F,, and F,
segregaling populalions, only 38% were selected in

1982. The disease susceptibility was nol
unexpecled, however, because most of these
populations came from crosses designed for the
irrigated breeding program. This confirms the
need for higher levels of disease resistance under
upland conditions, and that these must come
from a broader array of upland parents. All of the
promising F, lines were bred from one African or
Surinam parent noted for disease tolerance under
upland conditions. Only 9 populations from Lhe
F, evaluations were selected; these included
promising crosses between 5782//Camponi/

JAC 25 and 5738//Camponi/IAC 25. [AC 25 is an
upland variety from Brazil, and Camponi is from
Suripam.

A total of 49 advanced lines (F,, F.) from the
trrigated breeding program were evaluated in two
replicated yield trials in Santa Rosa. CICA 7,

CICA 8, and Metica 1 were used as coniral
varieties. All lines oulyielded CICA 7 and CICA 8
and showed a good level of resistance to blast
{(Table 5! Except for line 18467, however, all were
severely affected by leaf scald. These lines will be
distributed through the IRTP nurseries for further
evaluations in multilocational trials in several
countries.

Grain discoloration. Grain discoloration
damage caused by seed-borne pathogens varies
from small brown spots to complete blackening of
the glumes. The problem frequently extends to
the endosperm and even the embryo, thus
reducing seed germination and the grade of rice.
Kernels that are spotted severely break in the
milling process In very susceptible varieties, most
of the affected forets are unfilled. Thus, grain
discoloration significantly reduces yields.

The principal causal agent differs from area to
area in tropical rice production In Nigeria, the
most common fungus isolated from discolored
seed is Sarocladium attenuatam; in the
Philippines it is Trichoconis sp., and in Colombia
the most comman pathogen is Helminthosporium
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Table 5. Some agronomic characteristics of promising rice breeding lines for favored upland
areas (Santa Rosa experiment station, Meta, Colombia, 1982).

Days to Disease rating
Line headings Height Rice blastb Leaf Grain Hoja Yield (kg/ha)
no. (no.) {em) Leaf Neck scaldd  discolorationd  blancac  Shatteringt 1981 1982
el

5959 104 97 2 (3) 1 8 3 MR MR 3646 4790
14643 99 91 2 (3) 1 8 2 R MR 4160 4353
14682 103 89 2.(3) 1 7 2 R MS 4229 4793
14697 100 93 1 (2) 1 7 2 R MS 5056 47171
14819 97 89 1{2) 4 8 7 R MR - 5010 4549
14918 100 B0 1(2) 3 7 5 R M5 4852 4596
18453 105 91 1, 2(%H 2 8 B8 R MS 3271 4752
18458 105 93 2,3 1 7 6 R MS -d 4167
18467 97 a9 2,3 5 2 4 R MR -d 5500
Controls

CICA 8 106 79 5 9 3 6 S MR 3313 2308
CICA 7 98 91 2,3 2 9 2 R NS 3983 3536
Metica 1 98 102 2,3 2 2 6 R MR 3700 4263

w

Recorded when 50% of the field has reached the heading stage.

b Relative evaluation scale {see Table 3 n this section). Numbers in parentheses indicate higher grades of damage were found in a
few plants

c. R =resistant. MR = moderately resistant; MS = moderately suscepuble; 5 = suscephible.

d  Not evaluated during 1981

(Bipolaris) orvzae. The disease is associated wilh
differing complexes of rainy weather, high relative
humidity, upland conditions, infertile soils, and
the hoja blanca virus. Hence, grain discoloration is
a complex problem delermined hy the interaction
of plani-pathogen and environment.

In 1982 evalualions, except for line 14757, none
of the breeding lines was free of grain
discoloration under upland conditions. Under
irrigated conditions. ol 94 cullivars evaluated, only
9 entries, advanced lines, were resistant.

Determining Improved
Agronomic Practices

For pest control. £lasmopaipus lignoselius,
Blissus leucopterus, and Phvllophaga spp. are
widespread but sporadic insects found in upland
rice. Damage by the first two is appreciable when
the crop is subiected to prolonged drought stress
during the early growth slages. They generally do
not cause yield reductions in higher rainfall

ecosystems. Phvllophaga twhite grubs) cause losses
in rice fields rich in organic matter, particularly in
converted pasture areas. The Sogatodes plant
hopper is most serious in areas of high relalive
humidity and moderately high rainfall, and is thus
a particular problem in favored upland rice
ecosystems in Colombia, Venezuela, and Central
America.

For disease control. The fungal diseases are
limiting factors in upland rice production. One
ecological factor is critical: prior drought stress
preconditions plants toward susceptibilily, and
the longer 1he siress period, the greateris the
degree of leaf disease. Another critical factor is the
soil. Crops on some soils appear particularly
disease prone, while crops on other soils have a
remarkable ahsence of infection under similar
climaltic conditions. The highly acid soils, Oxisols
and Ultisols, thal predominate in the savannas of
South America, favor the development of leaf blast
and other fungal diseases and appear to
contribute to stronger disease epidemics.



Some irrigated cultivars have high yield
potential in upland areas where

rice blast disease and weeds are the
most important yield constraints,
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For weed cantrol. The major difficulty for either propanil (at 3.24 kg Al/hal or bentocarbo ial
controlling weeds in upland rice is related to the 4.0 kg Al/hal as a postemergent. Manual weeding,
prevailing soil moisture conditions. Excessive withoul using herbicides, gave higher yields than
moisture. when weeds are most sensitive 10 the herbicide treatments alone, but because of
herbicides, makes entry into fields with ground high labor costs, the yield increase does nat
equipment very difficult. The resulting delay in compensate for the input costs.
application requires heavier herbicide dosages
and results in less effective weed contral. For soils with high levels of aluminum.

Uniform trial testing in the IRTP in 1982 The savanna soils of the Llanos Qrientales of
demonstrated that best results (effective weed Colombia are representalive of extensive areas of
control and highest yields) were obtained with Latin America and have the potential to produce
application of low doses of oxadiazon as a rice with little energy and low costs; the Rice
preemergent fal 1.12 kg active ingredient/hal and Program is investigating economic and profitable

Improved rice lines are passed to collaborating national programs through
international nurseries of promising materials. Countries evaluate and select from
these nurseries materials for direct seed multiplication and distribution.
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Table 6, International Rice Yield Nursery
(VIRAL) evaluations of rice varieties selected
for favored upland areas in Latin America
(distributed in 1981).

forms of producing upland rice in these areas 1o
provide an inexpensive food source of good
quality.

The principal problems these soils have are
their high content of aluminum, low levels of
phosphorus, and low acidity. The Rice Program is
searching for varieties that have resistance Lo the
region Varieties bave been found that are adapted
to this region, including TOX 1011-4-1 and
1011-4-2, as well as the Brazilian varielies IAC 164
and 165, IAC 544, and Perola

International Network Activities

Transfer of new technology is based on
cooperalion with national agencies through
training, germplasm exchange, technical advice,
and information sharing via publications.

For the past 10 vears, Central American national
rice programs have recrived a great deal of
advanced breeding material from CIAT and IRR]
through the IRTP ithe International Rice Testing
Program). This has piroved to be an effective
linkage of the various research groups since 1977.

IRTP for Latin America

In 1982, the IRTP for Latin America reorganized
the distribution of improved germplasm according
10 the needs of the national programs. At present,
lwo nurseries are emphasized: a large observation
nursery for internalional evaluation in irrigated,
favored upland, and unfavored upland
ecosvslems; and a smatler yvield npursery directed
toward the irrigated and favored upland systems
The bulk of the entries in these nwo nurseries are
achvanced lines from CIAT breeding programs, and
some materials provided by [RRI/CIAT, which are
tharoughly screened for suitability under Latin
American conditions

Table & indicates 1he cveles of duration and
vielels of the hest materials in three nurseries,

Days to

heading Yield
Nursery and variely Origin (no.j (t/ha)
VIRAL (planted in 9 sites)
P 1397-4-9M-3-3M-3 CIAT/ICA 97 4.5
P 1266-3-6M-1-18 CIAT/ICA 87 4.2
IR 11248-13-2-3 IRR1 92 4.1
P 1363-5-13M-3-1B CIATACA 97 4.0
P 1377-1-15M-1-2M-3  CIAT/ICA 97 4.0
CICA 8 (control) Colombia 98 4.5
CICA 4 {control) Colombia 91 38
CICA 7 {control} Colombia 93 4.4
VIRAL-P (early maturing, planted in 9 sites)
1ET 4094 {CR 156-

5021-2G7) India 89 4.9
Suweon 298 Korea 80 4.4
B 2360-6-7-1-4 indonesia 101 4.2
MTU 3419 India 100 4.2
IR 13540-56-3-2-1 IRRI 97 4.1
CICA 7 (control) Colombia 95 4.3
IR 50 (controlj Philippines 76 39
VIRAL-T (medivm-maturing, planted in 7 sites)

P 1381-1-8M-2-4M-5 CIAT/ICA 98 548
P 1332-3-8M-1-1B CIAT/ICA 102 5.6
PAU 41-306-2-2-PR 406 India 91 5.6
P 1369-4-16M-1-2M-4 CIAT/ICA 96 5.6
IR 4422-98-3-6-1 IRRI 99 5.4
CICA 8 (control) Colombia 98 5.5
CICA 4 {control) Colombia 0 4.2
VIRAL-S (upland varieties, planted in 13 sites)

IET 4094 (CR 156-

5021-207) India B8 4.4
P 1377-1-15M-1-2M-3 CIATAICA 98 4.3
TOX 728-2 Nigeria 94 4.3
B 733 (-167-3-2 Indonesia 1 4.2
P 1381-1-8M-2-1B CIAT/ICA 99 4.1
CICA {control) Colombia 99 4.2
IR 43 {control) Philippines 94 4.4




for superior upland cultivars for this region.

which are also resistant or tolerant to the
principal diseases

Four other nurseries are provided 1o a limited
number of national programs. These are sets ol
materials for low temperature tolerance, salinity,
floating rice, and rice resistant to hoja blanca
disease.

CIAT also provides additional segregating
populations and advanced lines to all interested
national programs.

New Upland Nursery-

Each Central American national rice program
decided in 1978 to select their best locally adapted
breeding lines to be included in a special upland
nursery called VICA (Central American Upland
Nurseryi. This nursery was made up of 60 lines, of
which 32 were named by Costa Rica, 16 by
Panama, six by Honduras, four by Guatemala, and
bwo by Nicaragua. After several plantings and
evaluations under upland conditions in these
countries, the number of lines was reduced to 14
in 1981. This nursery probably contains good
parental material for the development of superior
upland cultivars for the region. These lines have

The best locally adapted breeding lines are included in a Central American
Upland Nursery, designed to evaluate parental material

high vield potential and resistance to blast and

leaf scald under favored upland conditions but

are somewhal affected by these diseases in less-
favored environments.

Malerials developed elsewhere have been
particularly important in providing sources of
germplasm for particular characteristics. In this
respect, cultivars developed by the Cereal Program
at IITA have proved outstanding as potential
parental sources for acid soil tolerance in studies
a1l CIAT for the less-favored areas of acid soils in
the Colombian Llanos. Some IRAT (Tropical
Agronomic Research Institute, France) materials
are excellent sources of resistance to dirty
panicles and blast. The various sources of West
African materials from IRAT and H[TA have also
proved useful in Brazilian research at CNPAF
i{National Research Center for Rice and Beans),
Goidnia.

A network of researchers and of research
collaberation is developing in upland rice, parallel
to and associated with the already well-developed
regional research collaboration activities in the
irrigated sector.

The quarterly Bice Newsletter. published in
Spanish, reaches an audience of 850.
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Manpower Development

Most of the national Latin American rice programs
are restrained from expanding their programs due
to lack of trained personnel. CIAT s objective is 10
train a few individuals from each country in rice
breeding and production. On completing their
training, they will become key professionals for
transferring technology as well as for
strengthening their respective national programs.

The training strategy is also inlegrated with
research and outreach Production courses
provide training on practical aspects according to
the Program objectives.

Analysis of research personnel in upland rice by
discipline with each national research program
indicates thal, in the 24 countries listed, only 179
professional scientists are doing rice research.
This in an inadequate number, given the
projected future importance of rice in human
diets in the region and the range of problems
remaining to be resolved through research in all
rice systems.

Half the total number of regional rice
researchers, however, are already working in the

upland sector. This ratio is an encouraging
indication that governments are efficiently
allocating limited available resources. Many
countries in the region are not gaining full benefit
from the new rice technologies due to inadequate
adaptive research capacity. In general, the in-
service training opportunities offered by the
international centers have been fundamental in
the development of national research efforts;
further training will be necessary, however, 1o fill
the gaps and provide for staff turnover.

To date, CIAT has trained more than 219 rice
researchers from 23 countries in the areas of
agronomy, breeding, pathology, and production.
Thus, an effective regional netwark of
collaborators now exists for the continuing
interchange and evaluation of technology and
information. The Rice Prograrm has continued 1o
emphasize regional activities, including the IRTP,
monitoring tours, production courses within
countries, and biannual conferences for rice
researchers. These activities have greatly
contributed to the further strengthening of the
Latin American rice network.

Journal Articles and Paper Presentations

Ahn, 8.W and Ou, 5.H. 1982a. Epidemiological implications of the specirum of resislance 1o rice blast. Phytopathology 72(3):282—284
———;and ———. 1982b. Quanlitative resistance of rice 10 blast disease. Phytopathology 7213)279-282.
Gonzalexz, | 1982. Beneficios v futuro de la investigacion de armoz en Colombia Jan.-Feb 1982. Arroz (Colomtia) 31(316):8-13

3103201812,

and Otero, C. 1982. Apories de la investigacion en el incremento de fa produccién de arraz Sep1-Oct. 1982, Arroz (Colombial

and Roseru, M. 1982. Morfologia de la planta de arroz May-June Arroz (Colormbial 311318) 2940,
Laing, D.R.; Posada, R.; lennings, P.R.: Martinex, C.P, and Jones, P.G. 1982, Upland rice in the Lalin American regions: overall description of
environment, consiraints and prolential Paper presented at Upland Rice Workshop, Buuaké, lvory Coasl, 1982
Martinez, C. P. 1982a Cropping system and upland rice in Latin America Paper presented at the Upland Rice Workshop, Bouaké, fvory

Coast, 1982

———. 1982b. The CIAT sirategy for upland rice improvement in Latin America Paper presented at the Upland BRice Workshop, Bouakeé,

Ivory Coast, 1982

——; and Weeraralne, H 1982 Avances cn mejoramiento varietal de arroz-riego en Colombia Jan -Feb. Acroz (Colombial

311316)26-35.
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Grass legume pastures selected for their
adaptation to acid, low-fertility soils are an
alternative solution to the nutritional
problems of the vast agricultural frontier of
tropical America.

eef is a staple foad throughout tropical

Latin America. Consumplion ranges
between 4 and 36 kg per capita/year, representing
between 16 and 70% of the total meat
consumption. It is impartant in the diets of all
income groups, and even the lowest income strata
spend between 10 and 23% of 1the total food bill on
beef At the same time, demand for beef products
is increasing at a rate of 5.3% per year, whereas the
production growth rate is a mere 2.2%.

Today, cattle and milk praduction systems are
moslly concentrated in fertile areas where land
costs are high and pasture production is in direct
competition with crop production. Al the same
time, however, mare than 40% (850 million hal of
the tropical Americas consists of acid, infertile soil
regions where, due to the harsh ecobiolagical
conditions isoils, climate, pest and disease
incidence), agricultural production is scant or
nonexistent. These immense land masses,
however, hold promise for conversion into
productive regions for beef and milk products and
possibly other commodities. Such use will liberate
the scarce but maore favorable agricultural Jands
for the intensive production of high-value crops.

The Tropical Pastures Program of CIAT
concentrates its resources on precisely these acid,
infertile soil regions. The objective of the program
is to develop, in collaboration with national
programs, improved, low-input pasture
technology 1o increase beef and milk production,
conserve and improve the soil resources of
tropical ecosystems, and provide a basis for an
economically and ecologically sound ulilization of
underexploited land resources.

H is practically impossible to significantly adjust
the chemical soil properties of the target area 1o
make it more amenable to cultivation of
conventional pasture species. Thus, the Program'’s
general approach is o identify and further
develop grass and legume species that are
adapted to the prevailing conditions and which
assure high performance in animal production

systems. A basic tenet is to develop legume-

based pastures, in which the grass component
provides energy and roughage for the grazing
animals’ diet and the legume component provides
nitrogen to the biological system, as well as high-
quality protein to the animals’ diet that is of
critical importance especially in the long dry
seasons.

The Program is organized into three interrelated
research units: (1) Germplasm Evaluation, which
includes the sections of germplasm introduction,
agronomy, regional trials, plant pathology,
entomology, and plant breeding; {2) Pasture
Evaluation, including soil-plant nutrition, suil
microbiology, pasture development, pasture
quality and nutrition, and pasture
evaluation/management; and (3] Pasture
Evaluation in Production Systems, which is
composed of seed production, cattle production
systems, and economics. These three unils
collaborate in moving new germplasm accessions
from their introduction and characterization 1o
screening for use in the various ecosyslems;
developing allernative pasture production
systerns; and evaluating new pasture production
technologies in farming systems. While the
number of germplasm accessions that enter the
germplasm development phase can be measured
in the thousands, only very few, highly promising
grasses and légtlmes succeed in being selected
for their further evaluations and assembly into
pasture technologies,

Althaugh the target area of the program has
one common denominator—the acid, infertile
soils imostly Oxisols and Ultisols!—it is made up
of five distinct ecosystems whose unique set of
climatic characleristics require thal pasture
germplasm be developed separately for each
ecosystem. The five ecosystems are:

e Well-drained, isohyperthermic savannas,
represented by the Eastern Plains. or "Llanos,”
in Venezuela and Colombia;



® Well-drained, isothermic savannas,
represented by the "Cerrados” of Brazil;

® Poorly drained savannas;

e Semi-evergreen seasonal forests;

* Tropical rainforests.

To date, the Program has placed its emphasis
on the two savanna ecosystems, as represented by
the Llanos and the Cerrados, which comprise
more than 300 million ha of land. Research for the
Llanos ecosystem is conducted in the Carimagua
station in the Llanos of Colombia. This station is
joirttly administered with ICA, the Colombian
Agricultural Research Institute. Research for the
Cerrados ecosyslem is conducted in collaboration
with the Brazilian Agricultural Research Center for

the Cerrados region {CPAC), a station of the
Brazilian Agricultural Research Systemn
(EMBRAPA). The direct research efforts in these
two ecosyslems are supported by the
International Network for the Evaluation of
Tropical Pastures, conducted in collaboration
with national institutions, 1o evaluate promising
germplasm in sites that represent subecosystems
in both the Llanos and the Cerrados (Figure 1).
The network also exiends into the additional
ecosystems (poorly drained savannas, seasonal
forests, and rainforests). This allows the pragram,
in collaboration with national organizations, to
evaluate the adaptation and productivity of
germplasm throughout the area of intercst.

Summary of Achievements

The intensive germplasm evaluation work by the
Tropical Pastures Program has allowed continued
advancement of a relatively large number of
accessions to higher categories of evaluation. By
the end of 1982, some 80 legume accessions and
15 grass accessions had passed the strict tests to
be promoted to a category involving evalualion
under grazing.

In the “"Llanos” ecosystem, liveweight gains with
associations of Brachiaria decumbens/Pucraria

phaseoloides, Andropogon gavanus/Siviosanthes
capitata, and A. gavanus/P. phaseoloides showed
more than two-fold increases in gains/animal, and
more than fifleen-fold increases in gains/ha over
the best-managed native savanna. An economic
analysis of fattening with improved pastures
showed the following internal rates of return:

B. decumbens, 20%, B. decumbens/P. phaseoloides
lin sirips), 25%; A. gavanus/S. capitata, 26%; native
savanna plus banks of P phascoloides, 22%.
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Figure 1. Geographical distribution in Latin America of the International Network for the Evaluation
of Tropical Pastures.



Pasture germplasm is assembled from a
wide range of conditions throughout
tropical America, Southeast Asia, and Africa.

In the “"Cerrados” grosvsiem, promising species
identified thus far are Cendrosema macrocarpum,

S capitata, S gwanensts “lardio”” S, macrocephala,

and a vet unidentified Zornia species.

Regional lrial resulls from the tropical forest
enviranment have shown thal a large number of
grass and legume species ariginally selected for
their adaptahility to acid, infertile soil conditions
in the Llanos and Cerrados environments are also
verv well adapted 1o the conditions of the humid
tropics

Afier the national research institutions in Brazil
and Colambia successfully released the grass
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A gavanus CIAT G21 in their respective countries,
Panama. Peru, and Venezuela also followed sutt
In Colombia. TCA has officially passed on 1o the
sead production sector a blend of five accessions
al 5. eapitata under the name of "Capica " In
Brazil, CPAC is in the process of releasing

S macrocephala CIAT 1582 under the name of
“Rancleirante,” and S gianensts “tarcdio™ CIAT
2243 under the name of “Piopeire " This initiation
of the release process of legumes constitutes a
major step loward overcoming the critical
canstraint to forage qualily for animal production
in the savannas of tropical America.

Germplasm Base
for Pasture Improvement

The Tropical Pastures Program seeks to exploit
the natural variability of germplasm to identify
grass and legume species adapted 1o the various
ecosyvsiems in the region. Germplasm is
assembled from a wide range ol conditions
throughout the acid, infertile soil regions of
tropical America, Southcast Asia, and Africa. With
the additian of 1150 tropical pastures entries in
1982, the CIAT collection bas now reached 8446
legume accessions and 839 grass accessions
Table 1.

Based on data collected 1o date, the Program
has classified a series of species as “kev species,”
which, based on their promise, are receiving
special attention within the germplasm
development work and whose germplasm base is
being expanded. For example, given the
importance of Desmaodivm and Pugrarcia species,
the Tropical Pastures Program, in collaboration
with IBPGR (International Board forr Plant Genetic
Resources!, organized a collection trip in 1982 to
Southeast Asia where these legumes are native.
This particular trip vielded 176 new accessions of

Table 1. Status of germplasm collection of
tropical pasture accessions at CIAT,

Cenus Accessions (no.)
Legumes
Stylasanthes 2303
Desmodium 121
Zornia 758
Aeschynomene 486
Centrosema 939
Macroptilivm/Vigna/Phaseolus 739
Calopogonium 183
Galactia 336
Pueraria 119
Miscellaneous legumes 1872
8946
Grasses
Andropogon 65
Brachiaria 196
Panicum 378
Miscellaneous grasses 200
§39
Total 9785
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Desmodium t40% of them 1. ovalifolium), 57
accessions of Puerara, and numerous additional
legume species

Mare than 500 accessions of six kev legume
species were characterized and subjected 1o a
preliminary evaluation in 1982, Particularly
encouraging results were ohtained with selected
accessions of S. capitata, 5. guianensis “tardio,”
5. macrocephala, and €. macrocarpum. At the
same time, the preliminary evaluation of soine 350

"new eniries” was concluded. In this group,
which involved accessions from six gencra,
particularly promising species were identified in
S.oviscosa and Dioclea guvancnsis.

During the year, some 1500 secd samples of
priority materials were entered into the svstemaltic
germplasm evaluation scheme of the pregram.
Selected accessions were also passed on to
collaborators in nalional programs

Technology Development
for the Llanos Ecosystem

The well-drained isohvperthermic savannas of
tropical Latin America comprise an area of
approximately 110 million hectares. Mean
temperatures are above 25 C. The average length
of the rainy season is approximately 6 to 8
monihs, with a rainfal} of between 1000 and
2000 mm. The soils are predominantly Oxisols
and Ultisols.

Pasture research in this region has hecn
directed loward the identificalion of superior
genotypes of key species of legumes and grasses.
At present, the key leguime species have been
determined to be C. brasilianum, C. mnacrocarpum,
and two additional Centrosema species not yet
described, Desmaodium ovalifolium, 8. capitata,
5. guianensis “tardio,” S. macrocephata, and
Zornia spp. Among grasses. the key species are
Andropogoen gavanus and several Brachiaria spp.
Accessiaons of all these species were ohserved to
have a wide range of variability and adaptive
characteristics.

In 1982, 428 new accessions of promising
species—both key and other selected species—
were introduced and evaluated for adaptation. At
the same lime, several hundred promising
accessions from earlier adaptation evaluations

were evaluated in small plots for productivity and
seasonal distribution of vields.

Evaluation under Grazing

A considerable range of forage species were
established in a set of small-plot grazing
experiments designed to assess the compatibility
of accessions in mixtures, tolerance to grazing,
plant mineral requirements, and nutritive value.
The legume content of the 18 grass/legume
associations ranged from 3 to 90% after the first
season of grazing by two animals/ha (Figure 2).
The most appropriate ratios are those in which a
balance in consumption is achieved between the
grass and the legume (treatments 54,
Stvlosanthes capitata CIAT 1441 and
S. macrocephala CIAT 1643 were observed Lo
combine well with nalive grasses. The association
of S. guianensis “tardio” CIAT 1283 with
A. gavanus became strongly legume dominant due
to the low palatability of the legume: this
particular accesston of Stvlosanthes succumbed to
anthracnose during the wel season. Two free-
seeding accessions of 0. evalifolivm produced
good mixes with A. gavanus, molasses grass
{Melinis minutifioral and native savanna,
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Figure 2. Legume content found in 18 grass/legume associations at the end of the first season under
grazing (two animals/ha), in Carimagua, Llanos Orientales (Colombia).

Testing of Advanced Lines
under Grazing

At a yet higher level of evaluation, advanced lines
are agronomically tested under rotational grazing
on small plots, with stocking rates of 2 to 2.5
animal units/ha during the 8 months of the wet
season and 1.6 during the dry season. The
following data were found in 1982 1estings.

Both Brachiaria decumbens and B. humidicola
have attained major economic importance in the
lowlands of tropical America. Both grasses are
well adapted to Oxisols. In the 1982 evaluations, .
humidicola showed a higher yvield potential in and
hetter tolerance to baoth wet and dry conditions.
To date, spittlebug has not been a major problem
in this species in the Llunos. Brachiaria remains
one of the most promising grasses available.

Sixteen accessions of Centrosema spp. weis
compared in mixture with A. gavanus, All spe: es
were readily accepted by grazing animals with no
evidence of preferential grazing. The free-seeding
habit of (. brasilianunt had a distincl advantage in

aiding plant replacement At the same time, the
stoloniferous growth habit of both velt
undescribed Centrosema species was ohserved o
be a4 useful trait under heavy grazing conditions.
Susceptibility of Centrusema spp. to leaf diseases
and insect attacks remains a major selection
objective.

The legume Desmodivin avalifelivm is well
suited to compele with aggressive stoloniferous
grasses. It was tested in association with
B. humidicola CIAT 679, B. decumbens ov. Basilisk,
and A. gavanus CIAT 621. Dry-maltter vields for the
three as.ociations were 17, 14, and 9 t/ha per year.
respectively. D. ovalifolium proved jts ability to
compete well with B. humidicofa—the mosi
producitive of the three grasses—and these wo
spucies were observed to form a highly compatible
association.

During 1982, O, ovalifolivm CIAT 350 was badly
attacked by a new genus of stem gall nematode
{Prerotvlenchus cecidogenus); however, several
other accessions of this legume show evidence of
resistance to this nematode. Further research is
peeded to fully explore the range of variations to

($) Siylosanthes guianenss "ardio” CIAT 1283
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Crossing between ecotypes of Stylosanthes guianensis “tardio” by “comman”

15 a project to obtain material resistant 1o anthracnose and with good production

of forage and seed.

correct some inherent deficiencies in Desmeodium,
including low palatahility, high tannin content,
and susceptibility to nemaitodes.

Ten ecolvpes of the highly promising legume
Stvlosanthes capitata were evaluated in
association with A. gavanus. Ecolypes Howering at
mid-season showed a rapid decline in the sccond
vear after establishment: however, four early-
ffowering, free-seeding ecotypes persisted and
vielded significantly higher under prazing than
did mid-season lines. This is attributed to the
larger amounts of seed produced by the early
Howering accessions over a luonger period
of time.

Pest and Disease Problems

Results from evaluations at Carimagua and
regional trial sites within the well-drained
isohvperthermic savanna ecosvstem showed the
presence of several plant diseases affecting
pasture species in this ecosystem.

Although six different diseases have been
recorded on Centrosemna spp. in the well-drained
isohyperthermic savannas, generally there is only

one major disease per species. For instance,
Rhizoctonia fuliar blight is the most important
disease of C. brasilianum, whereas Cercospora
leafspot is the most damaging disczase at

C pubescens. O macrocarpum remains relatively
disease free. Among insect pests, chivsomelids
continuc to be the principal problems of
Centrosema spp.

In Desmodiunt spp., the mosl important disease
is stem gall nocmatode, which was only detected in
Carimagua in 1982, A systemalic effort is
underway to identify resistant accessions.

On Stvfesanthes spp. in the Llanos, anthracnose
continues 10 be the most important problem. Of
the more than 500 accessions of 5. guianensis
“common” evalualed thus far in Carimagua, only
one accession has been able 1o swvive
anthracnose altacks for more than 2 vears. On the
other hand, of some 80 accessions of 5. guinnensis
“tardio” cvaluided in various experiments, 10 have
shown moderate to high levels of resistance to
anthracnose. This species is also relalively
resistant to the stemborer. In S, capitaia,
anthracnose is a secondary disease in the Llunos,
and 8. macrocephala continues to show high
levels of anthracnose resistance.



Pasture Establishment

A large-scale spatial distribution trial established
in 1978 with the association of B. decumbens and
P. phaseoloides has been increasingly hampered
by a heavy spittlebug infestation. With declining
grass production, the Jegume has suffered from
heavy grazing pressure, thus forcing the
suspension of the grazing ol the trial lafter almost
4 years! 10 allow for recovery of the grass and 1o
devise a management system that will reduce the
effects of spittlebug and improve the production
and balance of the species.

A minimum-tillage trial for pasiure
establishment with low-density seedings was
designed to evaluate the possibility of reducing
the need for mechanical or chemical control of
vegetalion This trial is part of the Program’s
efforts to develop pasture establishment systems
that require little orr no machinery. designed for
the small holder of the savanna regions. In
Carimagua, successlul establisbhment of
A. gavanus, B, humidicola, D, ovalifolium, and
P. phaseoloides has been achieved with only
manual preparation of the planting site and no
use of mechanical vegetation control Naturally,
eslablishiment has been much slower than in
other trials where some form of tillage has been
used for seedbed preparation and vegetation
control.

Savanna Replacement

A savanna replacement trials was established in
1980, Four legume/grass associadions were
planted in strips of 0.5-, 2.5-, and 5-m width, with
intervening savanna strips of 2, 10, and 20 m. so
that 20% of the total arca was tilled, fertilized. and
planted.

Associations were formed with the grasses
A gavanus and B, hamidicola and the legumes
D. ovalifolivm and P phaseoloides. Due to initial

low availability and higher palatability, A. gavanus
practically disappeared: thus, the treatments in
which it was included are now legume/savanna
associations. Under grazing, both legumes rapidly
spread into the native savanna. All treatments
have succeeded in covering at least 60% of the
tolal area, more so with P. phaseoloides than with
D. ovalifolium. A high legume intake was
measured in all treatments and, as a result,
protein in the diet was not limiting, even in the
dry season. Animals were induced to better use
the native savanna vegetalion,. and, as a
consequence, high animal gains were recorded
year-long. The stocking rate is 1.5 animals/ha.
Fertilizer applications are made on 60% of the area
in and along the planied strips. Based on the
experience with this trial thus far, an additional
series of trials is now being undertaken to test the
feasibility of strip planting of only legumes as a
supplement to the native savanna.

Voluntary Intake Studies

One of the most productive asssociations in
Carimagua has been A. gavanus with

P. phasealoides. The balance between the grass
and the legume in this association is very sensitive
to the pasture management utilized and is
markedlv different in the two growing seasons.
Under continuous grazing, toward the end of the
rainy scason the legume will dominate the
association. This imbalance—in which the legume
makes up two-thirds of the pasture—was found

10 lead to a corresponding imbalance in energy
and protein intake of the grazing animals
whaereas the protein content of the diet was found
to be very high, enengy and overall dry-matter
intake were low, and the corresponding daily
animal liveweight gains were depressed. In
general. these data suggest thal excessive
availability of P plaseoloides in association with
A gavanus can have negative effects on liveweight
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gains due 1o an energy deficiency in the diet

Thesc findings point 1o the need for the identi-
fication of pasture management practices that will
increase the availability of the grass on offer for
grazing during selected periods of lhe vear

Pasture Management and
Productivity

The mosl promising pasture species and
grass/legume associations are advanced by the
Tropical Pastures Program to a level of evaluation
where thev can be tested for oplimum
establishment and grazing methods, fertilizer
requircments, animal produelivity, and pasture
persistence. Currently, three diflerent pasture
svstems ait being evaluated: grasses in single
stands, legumes lo serve as @ prolein bank, and
grass/legume associations.

Grasses in single stands. After the successiul
conglusion of the evatuation in pure stands of’
B decumbens and A gavanuas, onlv the evalualion
in pure slands of 8. funnidicola continued The
productivity of this grass under Carimagua
conddions is significantly lower than that of the
two grasses evaluated carher. Afler the pasture
was left to recuperate during the diy scason in

1981, accumulated chv matter was removed, and
a mainttenance fertilization was applied, the
liveweighl gains obtained in 1982 proved to be
disappointing. With a stocking rate of 3.4
animals/ha, gain per animal during the rainy
season was only 213 grams/day; during the dry
season, however, an average loss of 62 grams/day
per animal was registered. The low productivity of
this grass in pure stands can be explained by the
very low voluntary intake, which is related to the
low levels of crude protein contained in

B. humiditola throughoutt the vear. These resulis
point put the need for a legume compatible with
the verv aggressive B. humidicola.

Legume protein banks. The strategic use of
legume banks continues to be a highly promising
alternative to supplement the nutrition availalle
in grass pastures. Resulls from 4 vears (1979-19382)
of an experiment in Carimagua are now availahle
while grazing on native savanna, fach animal
had available 2000 m? of P. phascalondes in a
legume bank. Access to the bank was controlled
during the first 3 vears of the experiment. but was
umestricted in 1982, In this long-term experiment,
pastures are grazed continuously, and one-third
of the savanna is burned at the heginning and
end of cach drv scason.

Average annual liveweight gains were 118



The association of Brachiaria humidicola
and Pueraria phasecloides in close mixture,
such as in strip planting, gives high vields in
liveweight gain, both per animal and per
hectare.

kg/animal with a stocking rate of 0.25 animals/ha,
and 101 kg/animal with a stocking rate of

0.50 animals/ha. These results suggest that
supplementary use of banks of P. phasecoloides
with native savanna can increase weight gain per
animal by approximately 30% over those obtained
with best-managed native savanna treatments.

in a rclated experiment, P. phaseoloides was
used 10 supplement an improved grass in pure
stand, B. decumbens. The legume was established
either in blocks or in sirips, covering 30% of the
area. Stocking rates were 1.25 and 2.00 animauls/ha
during the div and wet seasons, respectively. Over
4 years, average annual liveweight gains were
183 kg/animal when the legume was established
in strips, and 157 kg/animal with the legume
established in blocks. Nonsupplemented
B. decumbens pastures produced average live-
weight gains of 145 kg/animal. However, during
the dry season, weight gains in the legume block
treatment were significantly higher than in the
unsupplemented Brachiaria. These data indicate
that, in the short run, the productivity of
B. decumbens can be enhanced from 8 to 26%
when supplemented with blocks or strips of
P. phaseoloides, principally on the strength of the
legume to enhance the nutritional quality of the
animals’ forage intake during the extended dry
seasons.

From the Program's work with legume banks to
dale, it is evident that the most significant results
can he abtained when low value grasses tsuch as
native savannal are supplemented with legumes
of high nutritional value.

Grass/legume associations. The vear 1982
was also the fourth vear of a long-term eaperiment
to evaluale various promising legumes grown in
assnciation with A, gavanus CIAT 621. The legumes
evaluated include Zorna latifolia CIAT 728, a
miature of 8. cagritatia CIAT 1019 ancl 1315,

S capitata CIAT 1405, and . phaseoloides
CIAT 9900. Figure 3 shows the annual liveweight

79
gains registered for each of the years 1979-1982.

These long-term results indicate thal the
productivity of A. gavanus—an outstanding grass
that produces relatively high liveweight gains even
in pure stand—can be enhanced by 40-60% when
grown in association with appropriate legumes.
These associations require a maintenance

Liveweight gain
(kg/animal/yr)
250 —

A. gayanus -+ 5. capitata 1405
A. gayanus + 5. capitata 1019 + 1315

\’// A. gayanus + P phaseoloides
200

150
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g

100 \
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T

n—1 1 | |
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Year

figure 3. Animal liveweight gains with the
gramineae Andropogon gayanus have been
outstanding; however, the association of this
grass with legumes enhances its productivity by
40-60%. (Stocking rates used in the experiment
were one animal/ha during the dry season and
two animals/ha during the rainy season.)
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Table 2. Profitability of fattening operations with various pasture production technologies
estimated for the Llanos piedmont and the inner Llanos regions of Colombia.

Internal rate of return (%)3

Llanos (Carimagua)

Pasture Piedmont (Puerto Lopez)P
production B-year 12-year G-year 12-year
system persistence persistence persistence persistence
Brachiaria decumbens alone 226 24.6 18.5 20.7
B. decumbens + blocks of

Pueraria phaseoioides 20.8 231 16.8 19.2
B. decumbens + strips of

P phaseoloides 26.8 289 22,6 249
Andropogon gayanus -+

Stylosanthes capitata 28.1 304 24.2 26.2
A gayanus + P. phaseoloides 21.0 23.8 16.9 17.8
A, gayanus + Zornia sp. 21.8 24.4 18.0 20.9
Native savanna +

P phaseoloides 24.2 24.9 20.0 209

a. Internal rate of return for the 300 ha model without including the price of the land.

b. Sensitivity analysis of Canimagua biological parameters in close distance to the Bogota market.

fertilization after the second year of continuous
grazing 1o assure persistence and stability of the
mixture.

Economic Performance

with the availability of long-term performance
results in Carimagua, an analvsis of the likely
profitability of new pasture production technology
in the Llanos of Colombia has become possible.
Using realistic productivity parameters based on
actual experiences in Carimagua, internal rates of
return were calculated for the production
conditions in Carimagua and for the piedmant
area le.g., Puerto Lopez). In the absence of
definitive data on pasture persistence,
calculations were made for 6 and 12 vears,
respeclively [Table 21. While these internal rates do
naot 1ake into consideration land values, they
nevertheless show very attractive returns for
investments made for the use of the new
technology. In Puerto Lopez, which is rather close
to population centers, the projected returns are
quite higher than alt Carimagua, where
transportation costs for inputs and outputs
significantly add 10 the production costs

In interpreting these data, it must be
considered that while this analvsis only refers to

cattle fattening, in the real world, faltening is only
one part of the cattle production cycle. [t is cuile
possible that in a real-world production system,
the legume-based pastures would be used to
facilitate reconception of lactating cows,
recuperation of weak animals, increased protein
intake during the prolonged dry season, and
fattening of steers during the rainy season. This
implies that the impact of introducing legumes
may prove to be even greater than the one shown
in Table 2.

Release of S. capitata
cv. Capica

In 1982, the first legume cultivar derived from
CIAT germplasm was formally released for use in
the acid soil savannas of Colombia.

After a thorough evaluation of the performance
and potential of S. capitata for use in legume
banks and as the legume component in
grass/legume associations, ICA released a blend of
five ac.cessions of S. capitata with the name
“Capica.” All accessions were collected between
1975 and 1977 in Brazil, with the assistance of
EMBRAPA. A total of 170 kg of hasic seed of Capica
was produced by CIAT and supplied to ICA far



The first legume variety, Stylosanthes

capitata cv. Capica, was released for use in

the acid soil savannas of Colombia.

their distribution to commercial seed growers.
The next phase in the release process is the
generation of a flow of commercial seed into the
market 1o allow purchase by ranchers. It is
envisioned that initial seed production eflorts will
be located in the same geographic region that will
be used 10 plant the pastures Seed harvests will
be made both from crop and pasture by-product

systems. Because 5. capiiata has a relatively high
seed vield petential, compared to other perennial
tropical pasture legumes, the agronomic
prospects for commercial production are high.
The major determinant for commercial Capica
seed supplies, however, will be marketing forces,
reflecting the depree of adoption by cattlemen of
this legume in pastures.

Technology Development for
the Cerrados Ecosystem

The prnincipal research challenge in the Cerrados
i e, the well-drained isothermic savanna

ccosvstem) is to identifv pasture species and
ecolvpes that are well adapted to these acid,

Favorable combinations of legumes and grasses provide good animal nutrition.
Desmodium ovalifolium is a legume compatible with aggressive gramineae of the
genera Brachiaria (left). Stylosanthes capitata and Andropogan gayanus in

association {right) have a high potential for animal production.

i
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infertile soils and are also disease-free and
persistent.

The primary research site for this ecosvstem is
at CPAC in Brasilia, Brazil Af this site, germplasm
is selected for two different soils: the dark-red
latesol and the red-vellow latosol.

Evaluation of Legume
Germplasm

Since 1978, some 700 accessions of 14 Stvlosanthes
spp and 350 accessions from 14 other legume
genera have been evaluated for their phenology,
dry-matter production. and tolerance to pests and
diseases in the Cerrados ecosvsterm. Currently, six

species are defined as key species for this
ecosystem: C. brasilianum, (. marcrocarpum,

S. capitata, 5. guianensis, S. macrocepahala,

S.viscosa, and Z. brasiliensis.

The agronomic evaluation of the most
promising legume accessions was started in
1978-1979 Only five of the original 145 legumes
sown al that rime persisted for the 4 vears of the
experiment. These were 5. capritata CIAT 1019,
1078, and 1097, 5. guianensis “tardio” CIAT 2243,
and 8. macrocephala CIAT 1582

During 19811982, a4 new series of agronomic
evaluations of legumes under grazing was
initiated, and the methodology was adapted to
allow for intermittent grazing in both the wet and
dry season at bwo stacking rates A total of eight

The spittlebug (right) is one of the most important entomological problems faced
by grasses in the South American continent, especially in the Brazilian Cerrados

(teft) and in the Amazonian region.




Manual harvesting of legumes on seed-
production plots. Multiplication of basic
seed is required for CIAT's research and for
collaborating national programs.

legumes were sown with A. gavanus CIAT 623
cv. Planaltina. These were S. macrocephala
CIAT 1582 and 10138 (both controls!,

S. macrocephala CIAT 2039 and 2053, Z. latifolia
CIAT 728 (control}, Z. brasiliensis CIAT 7485 and
8025, and C. macrocarpum CIAT 5065.

Evaluation of Grass Germplasm

The evaluation of five grasses iniliated in
1978-1979 was terminated in 1981-1982 after four
seasons. Dry-matter yields of A, gavanus CIAT 621
cv. Planaltina, B. decurnbens cv. Basilisk, Panicum
maximum cv. Guinezhinho, B. ruziziensis, and

B. humidicola were 4725 kg/ha, 2954 kg/ha,

2428 kg/ha, 2262 kg/ba, and 1711 kg/ha,
respectively. This again demonstrated the high
productivity of the already released Andropogon
in the Cerrados environment.

Plant Diseases and Pests

Centrusema spp. have fewer diseases and lower
disease levels in the Cerrados than in the [lanos.
No major diseases have been identified as vet.

Of the four diseases detected on Stvlosanthes
spp. in the Cerrados ecosystem, anthracnase is
the most important, especially for 5. capitata and
5. guianensis. After 2 vears of evaluation, 484, of the
S. gufanensis "ardio” accessions were found to
have only few anthracnose svmptloms, with CIAT
2243 being the most resistant accession. In
contrast. CIAT 2243 is highlv susceptible to
anthracnose in the Llanos ecosystem.

Of five diseases detected on Zosnia spp. in the
Cerrados, the virus-fungus complex is the major
one. Mosl accessions of two-leaflet Zornia spp.
under evaluation were moderately 1o severely
affected by this discase

Research continues on improving resistance to
spittlebug attack, the most important pest on
grasses in the Cerrados. To date, A. gavanus has

demonstrated resistance to the insect, whereas
the susceptible variety B. decumbens undergoes
large losses. Currently, a variety of pasture
germplasm is being tested in different ecosystems
in Brazil, Colombia, Ecuador, Panama, and Peru.
In August 1983, cooperative research will begin
betwern CPATU (Centro de Pesquisa Agropecuaria
do Tropico Umidol/EMBRAPA, Brazil, and CIAT to
integrate research effurts 10 solve this probiem.

Pasture Development

Soil fertility is also & major constraint lo legume-
based pasture establishment in the Corrados.
While the amount of applied tertilizer can be
reduced, some minimum level must be applied to
obtain reasonable establishment and productivity.
Although new genetic pasiure imalerial has been
selected for its ability 1o grow well under
conditions of low levels of phosphorus and high
levels of acidity. in the Cerrados region, where
commercial agriculture has introduced high levels
of fertilizers, the response of forage germplasm to
higher soil fertility levels must also be taken into
account. (Figure 4).

The use of phosphalte rock is considered an
attractive option lor pasture establishment,
especially since abundant phosphate rock
deposits have been identified in several parts of
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Figure 4. Response of Panicum maximum Makueni (commercial variety) and Andropogon gayanus CIAT
627 to fertilization with phosphorus and lime. CIAT 621 showed significantly higher yieids with and
without lime applications at lower levels of applied phosphorus.

Brazil. Results oblained with Araxa phosphate
rock applied at rates of 52 and 105 of total P per
kg/ha showed that this nalural source compares
well with equal levels of phosphorus applied as
triple superphosphate, especially when na lime
was added.

Experiments designed to assess Lthe response of
promising legume species to selected
combinations of P levels and dolomitic lime
showed that all five forage legumes tested were
highly responsive to applied phosphorus, despite
the fact that thev were selected under low [evels
of applied P Reactions Lo lime applications were
found to be somewhal species-specific In general,
however, legumes were found to respond
positively (o lime applications up to 120 kg/ha.
Above this lovel, drv-malter vield of most legume
species decreased, thus pointing (o the potential
disadvantages involved in applying high levels of
lime.

Pasture Evaluation

In 1982, the evaluation of two lurge-scale grazing
trials with 1he associalions A. gavanus/S. scabra
cv. Seca and B. ruziziensis/Calopogonium
mucunoides was continued In both associations,
as expected, the animals lost weight during the
long drv season Hovwever, due to poor health of
the animals, liveweight gains during the rainy
season were less than previous years, averaging
only 340 grams/day.

In 1982, tor the first time. four in silu—selected,
highly promising Stvinsanthes accessions
1S, capitata CIAT 1019 and 1097,
5. gufanensis "ardio” CIAT 2243, and
S. macrocephala CIAT 1582) were advanced o
large-scale grazing irials They were each sown in
association with A. gavanus. 5. capitata CIAT 1097
was also sown in association with B. ruziziensis as
a control.



Fistulated animals in relative preference trials among legumes. CIAT is in the
process of domesticaiing wild materials and evaluating their potential as new
germplasm by the animals’ grazing preferences.

Pasture Utilization and Herd
Management

Results obtained over a period of 4 years from

experiments in which the effects of the strategic
use of improved pastures and early weaning on
the reproductive performance of breeding cows

are being evaluated. The mos! pronounced effects
of early weaning occurred in the treatment with

a 90-dav mating season and the use of improved
pastures. After 4 years, cows that had their calves
removed al 3 months of age have an average
annual calf crop of 83%. which is 26% greater than
that obtained in cows that have their calves
removed at 5 months (66%

Associated Research on
Pasture Improvement

Forage Breeding

The Pragram’s research strategy is primarily based
on the natural variability encountered in the
multitude of genera and species available in the
germplasm bank. However, when a few highly
promising materials have been identified, from the
thousands of accessions that enter the
progressively more restrictive evaluation, it is often
desirable to further improve these materials for
specific traits through breeding and selection.

A second full year's duta were obtained from a
genetic study of Andropogon gavanus CIAT 621 to
aquantify the magnitude of gzenetic variability in

this accession for a series of agronomic traits.
Heritability estimates for most traits are
sufficiently large that moderate ta high rates of
response 1o selection could be expected.

The principal aim of the Centrosema breeding
project is to produce a type of (! pubescens with
the capacity to grow and persist in acid Oxisals in
combination with a grass under grazing with
relatively low fertilizer application. In recent years,
most of the breeding work in Centrosema has
concentraled on selecting from successive
populations resulting from a cross between
C. macrocarpum CIAT 5062 and (. pubescens
CIAT 5052, F, lines now available will be evaluated
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In developing solutions to fertility

problems, the emphasis is on low-cost
alternatives to commercially available inputs.

in regional trials throughout the forest
ecosystems.

The aim of breeding Stvlosanthes capitata is to
combine the best characteristics {i.e, high dry
matter and seed yields, and tolerance to
anthracnose, stemberer, drought, and grazing) of
the parents CIAT 1019, 1078, and 1097. Results
from the evaluation of the b, are being evaluated
logether with the hest-seeded accessions.

In the regional trials network, the “tardio” type
of S. giuanensis has proved to have outstanding
vield potential, particularly in the drv season.
However, the vast majority of S, guianensis, hoth
“common” and “tardio” types, failed to survive at
Carimagua, where anthracnose pressure is more
intense, due to a longer history of growing
S guianensis a1 this site. The accessions thal
have persisted al Carimagua are late flowering and
low secd vielders. The breedmg project for this
specics sechs to develop persistent genotvpes
with improved pest and disease resistance and
seedd vields. The project is directed both 1o the
Llanoes and the Cerrados ecosvstem. T, seed of
crosses made in 1981 is already available. The F,
progenies are expected (o provide an extremely
wide range ol genelic variation

Rhizobium and Nitrogen
Technology

I.ast year il was reported that using disturbed
s0il to screen Rhizohium steains impairs the
sereening process. When the soil is disturbed.
nitrogen is released by mineralization of the
organic matier, thus intecfering with fhizobinm
effectiveness. The resulls from further strain-
sereening frials in 1982 contirmed tha the
method of undisturbed seil cores can be used to
selecl Rhizobium strains that are eftective in acid,
infertile soils in the presence of a population of
native Rlrzobivm strains. 1 appears that
undisturbed soil cores are more appropriate lor

this purpose than the traditionally used sterile
sand and nutrient solution where it is difficult to
simulate stress conditions for plant growth and
nitrogen fixation and there are no native
Rhiv.obinm strains 1o compele with the inoculated
strain for nodule sites.

with the inoculation of legumes with selected
strains ol” Rhizobivn and with undisturbed soil
cores [rom Carimagua, nitrogen yields in the tops
of Centroseni spp.. D. canum, D. heteraphvlium,
and P. phaseoloides were more than double the
vields of their controls. Increases due 1o
inoculation of D. avalifolivm were less marked;

Yield of tops
(mg N/core)

Control no inoculation With N feriihzation

or fertilizauon

With inoculation
of Rhizobium

Centrosema  Desmodium  Desmodium Pueraria
macrocarpum canum heterophyflum phaseeloides
CIAT 5065 CIAT 3005 CIAT 349 CIAT 990

Treatment

Figure 5. The inoculation of various legumes with
Rhizobium strains greatly increased their
nitrogen-fixing capacity. Some accessions even
fixed more nitrogen when inoculated than when
N was applied as fertilizer.



Potassium feldspars are native minerals that
present an interesting alternative as

fertilizer, lying within CIAT's concept of
using low-cost inputs for the acid, infertife soils,

however, D. ovalifolivim's response to nilrogen
fertilization was considerable, suggesting that
more Rhiz.obium strains and ecotypes of this
legume should be screened (Figure 5.

Field experiments in Carimagua ~onfirmed that
strains selected in undisturbed soil cores can
also function during pasture establishment in the
field. However, the response to these strains
is affected hy soil type and tillage method

In an altempt to take advantage of soil
nitrification caused by disturbance, studies
conducted in 1982 indicate thal native savanna
contains an inactive population of nitrifying
microorganisms, which may be activated by soil
disturhbance; however, this activity does not hegin
immediately—in some cases, taking over a
month—but it mav continue for over a year after
initial disturbance. The nitrogen thus produced
could provide a significant impetus for plant
growth, even if the plants were legumes.

The responses to inoculation and levels of
nitrogen mineralization observed suggest that
there is considerable potential for managing hboth
processes in order 10 increase nitrogen yield in
pastures or pasture/crop combinations.

Alternative Sources of
Potassium

The low-input strategy adopted by the Tropical
Pastures Program implies the use of plant
materials that are adapted 1o the soil chemical
constraints, such as acidity and low soil fertility.
For the establishment and maintenance of the
new pasture lechnology, however, some minimum
fertilizer must be applied. Commercially available
fertilizer inputs often are inappropriate due to
economic or agranomic considerations. Hence, in
developing solulions to the fertility problems, the
Program emphasizes low-cost alternatives to
commercially available inputs.

T~ the case of nitrogen, emphasis is put on the

use of pasture legumes, which, through
atmospheric fixation, contribute nitrogen to the
pasture system. In the case of phosphorus, the
Program sceks o expleit the availahility of large
rock phosphate deposits throughout Latin
America. This relativelv inexpensive source of
phosphorus is highly effective in the ecosystems
in which the Program works as the natural acidity
interacts with the rock phosphale to make the
phosphate available to the plants. As mentioned
in earlier Beporits, CIAT is host to a special project
activity of the International Fertilizer Development
Center (IFDC), which focuses on the development
of technology for the effective use of rock
phosphate in the management of different crops,
with special emiphasis on tropical pastures.

Now, CIAT has reported that there are
indications that feldspar. one of the basic
constituents of igneous rock, could do for
potassium fertilization what rock phosphate is
doing for phosphorus fertilization. Feldspar
deposits are numerous in the region. In Colombia
alone, more than 20 such deposits have been
identified. There is great variability in terms of the
potassium content of these feldspar deposits, with
a range of at least 5 to 11% of potassium.

Preliminary greenhouse experiments with
different sources of feldspar showed that the
agronomic effectiveness of potassium derived
from feldspar can replace potassium applied in



A clase interaction between graduates
from national programs and scientists from
the Tropical Pastures Program is essential
for an effective transfer of experimental
techniques and of technology.

chioride form. As the latler is a soluble fertilizer
with only a limited residual affect, feldspar rock
could have a long residual effect Nevertheless.,
considerable additional ficld research, especially
of the long-term tvpe, is needed to definitively
confirm the potential utility of feldspar rock as a
potassium source for the new pasture technology
in the acid. infertile soils of Latin America.

Survey of Cattle Production
Systems in the Savannas

In 1982, Phase 1 was concluded of the Technical
and Economic Evaluatidn of Cattle Production
Swstems IETES), a survey of the svstems in use in
the savannas of Brazit. Colombia, and Venezuela.
This survey was made possible through a special
project funded by the German Agency for
Technical Cooperation (GTZ). The studv found
that in all three countries surveved, the savannas
supporting cattle production are highiv acid (pH
ol 4 to 5! and deficient in phaosphorus. The
aluminum saturation in the Llanos of Colombia is
verv high (80-90%), but it is much lower in the
other regions surveved (25-35%). This latter fact,
and the well-developed infrastructure in the

savanna regions of Brazil and Venezuela, are
considered largelv responsible for the fact that
tmproved pastures niake up 30 and 20%,
respectively, of the land area in these two
countries. While the composilion of the herds in
the three areas studicd was similar, with
emphasis on cow-calf operations, priarities
assigned to different animal categories were found
to vary from country ta country. In all cases,
however, it was found that, on the average, the
first call is not conceived until the cow is about 3
vears old; therealter, the reproductive lile of the
cow is verv short. In general, animal productivity
was found to be low, with average liveweight gains
registering between 50 and 65 kg/animal and 12
and 32 kg/ha per vear

The survey confirmed earlier indications that
the low nutritional value of the forage is the
primary constraint to increased cattle production
in these regions. While the nutritional deficit in
the savannas of Colombia and Venezuela is
present al similar levels throughout the vear, in
the Brazilian Cerrados a particwlarly marked
deficit occurs during the drv season

Contrary to earlier expectations, in Colombiz no
significant variations in biological or economic
productivity of farms was found that could be
ascribed to different technologies already in use.
On the other hand, in Brazil and Venezuela the
use of improved pastures, (ogether with other
craps, offers a viable option for the intensification
of cattle production, Of particular interest in the
case of these two countries was the finding that a
crop-pasture rotation can significantly contribute
to the improvement and maintenance
of soil fertility, reduce risks, and increase the
profitabilitv of the operation

Evaluation of Improved Pastures

Phase Il of ETES is designed ta evaluate the effect
of the introduction of improved pastures and
associated production technology on farm



Many national institutions collaborate with

CIAT in a series of regional evaluations of

legume and grass accessions.

productivity. Seven farms in the Colombian Llanos
were chosen for this evaluation; improved
pastures were established in 1979. Partially
available results from one representative farm
indicate that, starting in late 1979 when the new
pastures could gradually be used, the number of
breeding cows had increased by more than 20% in
April of 1982, and the average liveweight had
increased from 250 to 300 kg/animal. The birth
rate has increased by about 7%, with a
corresponding decrease in the interval between
calvings: average calf weights at weaning have
increased by 20 kg/calf. A preliminary analysis of
the marginal profitability of this operation
suggests significantly higher returns of this
allernative over the traditional operation.

A d4-vear experiment on.the management of
breeding herds was concluded in 1982. It
provided clear evidence of the importance of
improved pastures in weight recuperation of
lactating cows to permit successful reconception.
Other long-term herd experimenis with such
promising associalions as A. gavanus/F. phaseo-
inides and B. humidicola/D. ovalifolium are
underway and will be reported in the near future.

Animal Health

Two major sanitary problems are associated with
the intensification of animal production in the

savannas of tropical America: these are the
incidence of ticks and the occurrence of
photosensitization.

A survey of tick counts on animals grazing sown
grasses and savanna has shown that increasing
stocking rates is associated with higher levels of
tick infestation, but differences exist benween
improved grasses in the population of larvae
maintained in the paddock. Thus, a tall grass such
as A. gavanus hosts less larvae, and animals are
less affected hy ticks than in B. decumbens. It
appears that preventive schemes will have to be
designed, considering such factors as forage
species and pasture management.

Photosensitization. a syndrome leading to
severe weight loss and eventual death, occurs in
animals grazing B. decumbens. A survey made in
the piedmont region of the Lianos of Colombia
showed that the disease was present in 40 of the
50 farms sampled, aftecting 5% of the animal
population and leading to death in 30% of the
cases reported. Experiments in Quilichao gave
evidence that the spores produced by the
saprophytic fungus Phitomvces chartarim were
the causative agent of the disease. It was also
established that the subclinical presence of the
cdisease can be detected by a simple blood test,
and that the application of zinc as pasture
fertilizer may decrease disease incidence in the
animal.

International Activities

Tropical Pastures
Evaluation Network

The International Network for the Evaluation of
Tropical Pastures (RIEPT, Red Internacional de
Evaluacion de Pastos Tropicales!is conducted by
the Tropical Pastures Program in close

cooperation with national inslitutions. Four types
of regional trials are included. Tvpes A and B refer
1o agronomic trials in which germplasm

malerials are evaluated for their adaptation to
climate, soil, pests, and diseases. The principal
difference between Types A and B is that, in the
former, large numbers of entries are evaluated in a
few representative sites within each of the

89



Regional trials C and [ have been established in different localities within the

international tropical pastures network. Trials under grazing are being conducted

in Yurimaguas, Peru, by INIPA, for instance.

ecosystems of interest, whereas. in the latter, the
best selections are evaluated in as many sites as
possible within each ecosystem.

Tvpe C regional trials evaluate in small plots the
persistence of selected grass/legume associalions
under inlensive mob grazing. The objective of
Type D regional trials is to evaluate the
production and productivity of the two or three
best pastures from Type C trials in terms of
liveweight gain and milk production.

At the end of 1982, 12 Type A and 36 Type B
regional trials were in place in the five ecaosystems
of interest to the Program. The first regional trials
Types C and D are planned for testing in Brazil,
Ecuador, and Panama in mid-1983.

A wealth of informalion on the performance of
numerous germplasm accessions is already
available. Information is fed into the research
process as it becomes available.

In 1982 regional trials in tropical forests
ecosystems, earlier indications were confirmed
that many of the grass and legume accessions
found to perform well in the savanna ecosystems
also produce well in the tropical forest
ecosvstems. Particularly promising accessions
identified for the tropical forests are, among
grasses, A. gayanus CIAT 6054, 6053, and 621, and,

among legumes C. macrocarpum CIAT 5065,
C. pubescens CIAT 438, and §. guianensis
CIAT 136 and 184.

Manpower Development

Mutual collaboration between national
agricultural research institutions and CIAT is
necessary for the validation and transfer of
technology developed for tropical pastures,

During the pericd 1970-1982, a total of 467
professionals from 18 countries in tropical
America have completed intensive training in
production of tropical pastures. In 1982,

43 professianals from 12 countries participated
in training at CIAT.

Most of these people caontinue to work with
CIAT through the Tropical Pastures Evaluation
Network and the Regional Trials Network.

The secand meeting of the RIEPT was held in
September with 52 participants; in addition, a
working meeting with 25 participants was held on
methodologies for germplasm evaluation. In the
first meeting, the advances and results of regional
trials A and B were analyzed, and in the second.
methodologies for Type C regional trials were
discussed.




Milking of “dual-purpose” cows is an alternative that has implications for farm
economy and for nutrition of the small farmer’s family,
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The Seed Unit collaborates with

national enterprises to accelerate the use of
good-quality seed of improved varieties.

he fourth year of operation of the Seed Unit

has resulted in the highest level of activity to
date. The objectives of the Unit continue to be to
work within Latin America and the Caribbean to:

. Increase the number and competence of
seed technologists;

s  Strengthen the seed programs and seed
enterprises through technical collaboration;

. Stimulate seed production in the tropics
and accelerate use of the most promising
varieties and hybrids;

. Help solve problems limiting seed pro-
duction and distribution through research;

. Disseminate information on seed ac-
tivities, advances in seed technology, and the
availability of promising materials.

The Unit both supports the commaodity programs
of CIAT and assists in development-oriented
activities to accelerate the growth of in-country
seed programs and enterprises.

Increasing Competence of
Seed Technologists

The Seed Unit’s first priorily continues to be to
increase the number and competence of seed
technologists by manpower development through

multidisciplinary and advanced courses, in-service

training, M.S. degree thesis programs, in-country
training, and workshops. Since 1978, the annual
number of course offerings has heen progressively
increasing (Figure 1.

In 1982, twa basic, multidisciplinary, post-
graduate courses in Seed Technology were held
at CIAT, covering various aspects of seed
production, conditioning, quality control at the
field and lahoratory level, and marketing,
combined with discussions of seed program and
enterprise development and management These
courses have heen the basis for seed manpower
development in the region since 14978 Beans,

rice, tropical pastures, maize, and sorghum were
the main crops for teaching purposes.

The first advanced postgraduate course in Seed
Conditioning was held in 1982, with the topics of
seed drying, conditioning, and storage for plant
managers. The 29 parlicipants from 13 countries
dedicated some of the 4 weeks to an analysis of
seven conditioning plants located in the Tolima
Valley of Colombia. Their analyses were presented
to the seed enterprise managers, and ultimately it
is expected that the trainees will make similar
applications in their own plants.

Two workshops were also conducted, focusing
on priority needs for seed development. In the
first, Strategies for Seed Technology Training, 49
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figure 1. Number of participants who have
completed training at the Seed Unit from 1978
to 1982,



Continuous purity analyses are conducted
by the Seed Unit to provide national
programs and commercial enterprises with
seed of the best quality.

participants from universities and national
training activities concentrated on identifying
national needs, sharing information on training
methodologies and materials, and designing
modules for teaching. In the second, Improved
Seed for the Small Farmers, the first of its kind, 65
participants focused on the mechanisms to help
small farmers improve the quality of the seed they
plant, better ways to promote improved varieties
through appropriate technology and the transfer
of results to the small farmer, and ways to
increase use of improved seed by the small
farmer. Small farmers could more effectively save
their own seed of beans, rice, maize, and
sgrghum, and planting material of cassava and
potato, and practical suggestions were offered by
the participants. Increased on-farm evaluation of
crop varieties was stressed as a means to help
assure that materials acceptable to small farmers
are introduced into regional development plans.
Because of the logistical problems of reaching
small farmers. the need for programs to develop
seed production among selected small farmers, or
groups of them, as a business was emphasized.

The Seed Unit also assisted with in-service
training for the three Bean Program trainees on
seed production, and two master candidales are
currently completing their research at CIAT in
varietal description of rice and beans, after
concluding their coursework at the National
University of Colombia and the Federal University
of Pelotas, Brazil.

Through training, the Seed Unit collaborated
with 59 national institutions and seed enterprises
in 27 countries in 1982 (Table 1).

For many years, FAQ and Mississippi State
University have assisted in in-country training
courses Although the Seed Unit's greatest
comparative advantage is in regional training at
CIAT, countries are requesting varving kinds of
help in their own in-country training. For
example, the Seed Unit cooperaled with ICA,
ACOSEMIILLAS, and CRESEMILLAS in Colombian

courses in 1880 and 1981; in 1982, the Colombian
organizations handled their own training. During
1982, the Seed Unit assisted in Seed Technology
courses organized and held in Cuba and Panama.
Both countries had earlier sent participants to
CIAT especially to prepare them to organize their
own courses. [n addition, assistance was given to
a regiaonal seed testing course that was conducted
in Costa Rica and cosponsocred by the
International Seed Testing Association and the
University of Costa Rica.

It is expected that more countries will develop a
total seed training plan and incorporate increased
in-country training into their programs. As this
happens, the Seed Unit will provide the kind of
assistance desired, ranging from helping with
compiling training materials to organizing and
conducting a course in cooperation with national
leaders. The Unit also cooperates with other
international and bilateral agencies interested in
seed training at the country level.

Technical Collaboration
in Support of Seed Development

Technical collaboration with national programs
has cencentrated on personal follow-up contacts
with former trainees; review of alternative policies



Table 1. National institutions and seed enterprises using the Seed Unit training in 1982.

Participants

Participants

Country {no.) Institution/enterprise Country (nc.) Inshitution/enterprise
06
Latin America and Ef Salvador 1 Instituto Salvadorefo de In-
the Caribbean vestigacién Agropecuaria
Argentina 2 Universidad Nacional de Cor- (ISIAP).
doba; Universidad Nacional Cuatemala 2 Instituto de Ciencia y Tecno-
de Buenos Aires. logia Agricala (ICTA), Uni-
Belize 2 Depariment of Agniculture. versidad de San Carlos.
Bolivia 5 CIAT Bolivia, Empresa de Guyana 2 Ministry of Agriculture; Gu-
Semillas SEFO; Instituto Boli- yana Rice Board
viano de Tecnologia Agrope- Honduras 3 Ministry of Natural Resources.
cuaria {IBTA); Mimsteno de Jamaica 2 Mimistry of Agriculture
Asuntos Campesinos y México 1 Escuela de Posgraduados de
Agrarios. Chapingo
Brazil 12 Emgresa Brasileira de Pesquisa Nicaragua 4 Empresa Pracesadora de Semi-
Agropecuarnia (EMBRAPA); llas (EMPROSEM); Comité Na-
Universidad de Pelotas; Dele- aonal de Semillas; Univer-
gacién Federal de Agricultura sidad Nacional Auténoma.
Bahia; Cooperativa Regional Panama 2 Comité Macional de Semillas;
Tritcola; Assaciagao Goiana Ministerio de Desarrollo Agro-
dos Produtores de Sementes pecuarro (MIDA).
(AGROSEM], Sermentes Agro- Paraguay 1 AGCRIEX Sucursal Paraguay.
ceres; Coordenadoria de Assis- Peru 2 Ministry of Agriculture, Uni-
téncia Técnica Integral (CATI); versidad Nacional de San Cris-
Mdquinas Vitona; tnstituto de 16bal.
Zootecnia. Suriname 1 Ministry of Agriculture.
Colombia 12 Instituto Colombiano Agro- Trinidad and 5 Ministry of Agnculiure: Carib-
pecuarro (HCA); Federacion Na- Tobago bean Agrnicultural Research
cional de Arroceros de Colom- and Development Institute
bia (FEDEARROZ); Procesa- {CARDI); University of West
dora Agricola Colombiana indies
(PROACOL); Universidad del Uruguay 1 Cooperativa Agropecuarna
Valle; Instituto Politécnico; La Dolores.
Universidad Macional de Co- Venezuela 2 Fondo Nacional de Investiga-
lombia. clones Agropecuarias
Costa Rica 5 Cansejo Nacional de Produc- {FOMNAIAP); Productora de Se-
cién; Comision Nacienal de millas Portuguesa.
Semillas; Centro para la Inves- Alfrica
ngacién en Granos y Semillas Kenya 1 National Seed Quality Control
(CIGRAS). Service
Dominican 6 Secretaria de Estado de Agri- Egypt 2 Crop Research Institute,
Republic cultura; Preductora de Semi-
llas; Centro de Investigaciones Asia
Arraceras (CEIDA). Nepal 1 Agricultural Inpus
Ecuador 4 Compaiiia Mixia de Semillas, Corporation
Instituto Nacional de Investi- Turkey 1 Ministry of Agriculture.
gaciones Agropecuarias Thailand 1 Ministry of Agriculture.

(IMIAP): Programa Nacicnal
de Semillas.

and strategies with national seed programs and
seed enterprises; encouraging the development of
long-term training plans with universities; and
assistance to subregional groups and sister
international centers. More countries are showing
a high level of interest in giving their seed

programs more clearly focused direction, and
former trainees are also beginning to make an
impact on in-country seed programs.

The subregional focus of the Unit is on Central
America and the Andean Zone. Cooperation in
Central America and the Technical Seed



Committee has resulted in two sets of regional
guidelines, one on varietal description (published
at CIAT) and one on post-harvest seed
management {under development). With IICA
(Inter-American Institute for Agricultural
Cooperation), the regional Seed Advisory
Commiltee is developing a plan to help meet seed
training needs for Central America. The seed
section of the Cooperative Centro-American
Program for Improvement of Food Crops
(PCCMCA) meeting in 1982 generated 25 papers
and considerable participation in the seed portion
of the meeting. In addition, in cooperation with
the Andean Pact group, plans are being developed
for joint work in various seed activities. A proposal
has been drafted for collaboration with the Center
for the Study and Training in Seed Technology at
Pelotas, Brazil, in training, exchange of staff, and
development of training materials.

The Seed Liaison Committee, composed of
representation frorm CIGRAS (Center for
Investigation in Grains and Seeds), CIMMYT, CIP,
ICRISAT, IICA, Mississippi State University, and
national organizations in the region, met and
continued work on ways to improve collaborative
efforts in seed development and training. CIMMYT
sponsored three candidates in the [ast seed
course at CIAT. and plans are being developed for
Seed Unit staff members to assist in training at
CIMMYT. Other kinds of cooperation are under
review with other international agencies.

Seed Produced and Distributed

Seed production includes growing, drying, condi-
tioning, storage, quality control, and distribution
of seed. A rotating fund has been established to
cover the expenditures and receive income for
these activities, with the objective that CIAT's seed
production operate on a seli-financed besis Seer!
growing is arranged through the Station
Operations Unit at Palmira or Quilichao; on land
on the CIAT farm used by the Seed Unit for

97

training; on land utilized by a Program; or, in the
case of one bean variety. with a grower outside
CIAT. The seed produced and sold in 1982 is
shown in Table 2. The seed not sold is stored in
the warehouse and remains available for future
requests. In addition, 10 ha of tropical legumes
were planted at the request of the Tropical
Pastures Program; crops include species of
Centrosema, Desmodium ovalifolium, Pueraria
phaseoloides, and various Jlines of Stylosanthes
capitata. Also, the number of inbred lines of maize
and sorghum were increased and supplies
maintained to answer requests for this publically
available material.

[mprovements were made in the seed drying
and conditioning facility, and the bag drying unit became
operational in 1982. The commercial size and the
laboratory unit of a friction separator constructed
in 1982 are especially useful for separating both
soil particles from beans and rough-coated seed
from smooth-surfaced seed.

The seed testing laboratory continues to
improve and offers a service to the commodity
programs for seed-quality evaluations. Samples
were prepared to standardize a blowing method
for Panicum maximum and Brachiaria decumbens.
These samples have been offered to key
laboralories in Latin America and will facilitate
seed purity evaluations on these species. The
internal quality control work on seed produced
through the Unit is managed by the head of the
laboratory. A regular system of field inspections
and testing of samples has been instituted.

Seed Technology Advanced
through Communication

The guarterly Seed Newsletter was sent to a total
of 1500 organizations and interested people in
13982. Through it, the Seed Unit provides seed
technologists with information on its activities
and developments in the region. People in



Table 2. Quantity of seed produced and
distributed by the Seed Unit in 1982.

Varieties and Amount  Amount
country produced sold
receiving seed {kg) (kgi®
Beans 14.126¢ 4,146
Argentina

BAT 58, BAT 271, BAT 304,

A 211, A 231, A 235, DOR 41
Colombia

ICA-Llanogrande
Costa Rica

Chorotega, Huelar, BAT 41,

BAT 76, BAT 304
Honduras

Copan
Rice 108,6504 59,450
Colombia

CICA 7, CICA 8, CICA 9,

CICA 4, IR 22, Oryzica 1
Pastures 3,209¢ 1,525
Venezuela

Andropcgon gayanus
Peru

Stylosanthes guianensis 110 83
2. Weight of seed uncleaned and with moisture
b. Seed cleaned and dried 10 12% moisture
¢ Includes 6,500 kg planned for Argenuna.
d Includes 24.800 kg held for ICA and 4.000 kg planned tor

Panama.
e. Includes 2,796 kg conditioned and 413 kg not conditoned.

individual countries have been identified to report
information of interest from their area. Work has
continued on audiotutorials, with three new study

with financial support from the Rockefeller
Foundation, the Spanish edition of the IADS book
Successful Seed Programs: A Planning and
Management Guide was published to support

seed development and training activities. A
manual on Methods for Varietal Description and
Guidelines for Seed Production on Bean, Rice,
Maize and Sorghum js in production. and
proceedings of the four workshops at CIAT are
being published by CIAT.

Research and Development in
Seed Technology Production
and Distribution Problems

Theses research projects on environmental-variety
interaction are now underway and will assist in
defining characters to use in describing rice and
hean varieties. Also, a study of the amount of
mechanical damage caused at different points in
the seed-conditioning operation of the Seed Unit
facility has been initiated.

Many specialists and organizations both within
and outside of Latin America and the Caribbean
have contributed to courses, workshops, and the
achievement of the Unit's objectives. Among these
are ICA, Colombia; EMBRAPA, Brazil; various seed
firms and Mississippi S$tate University with
assistance from USAID. Special recognition also
goes to the Swiss Development Cooperation who
financially supported maost of these activities and
made the Seed Unil a reality with its agreement to
support this 5-year project starting in 1979,

Although much remains to be done. the Seed
Unit is in an excellent position o cooperate with
the commodity programs. national and
international agencies, seed associations, and
seed enterprises and to continue to play a
catalytic role in accelerating the use of good seed
of better varieties in the region.
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s a center for both research and training

CIAT foslers a strong educational
component! for technology transfer to
complement its lechnology generation and
manpower development.

Scientific
Training and Conferences

Manpower development through intensive group
courses and individual internships remains the
principal meuans through which CIAT collaborates
with nationat programs 1o increase their capacity
to conduct research in support of the
commoeodities for which CIAT is mandated.

This postgraduate training lakes the following
forms:

s Intensive courses on production research for
the CIAT commodities;

e internships on a speciulized aspect of any of
the CIAT commuodities;

e Thesis internships for M.S. and Ph.D. students.

[n 1982, 237 professionals from 33 countries
received training at CIAT (Table 1). The length of
internships ranged from 1 to 12 months, with an
average of 3 5.

Reflecling CIAT s close working relationships
with collaborating institutions in Latin America
and the Ciibbean. as well as for reasons of
proximitv, fully 90% of all 1raining participants
come from Lhis region. The number of
representatives from each country is shown in
Figure 1.

Some three-fourths of the training participants
receivect commodity-based, nundegree-related
training. Maost of these individuals participated in
one of the nine intensive short courses (fof 4 to 12
weeks duration] offered by CIAT in 1952,
Expanding on & practice that bas proved to he
very successful in the last few vears, alter
completing their parlicipation in the formal

courses, aboul one-third of the students entered
individualized internships with durations of 3 to 6
months,

The total number of professionals having
received training at CIAT since the early 1970s
now has surpassed 2300. Naturally, there has been
some attrition of CIAT-trained professionals in
collaborating national institutions. Nevertheless,
CIAT maintains that a critical mass of trained
scientists is available and that, in the fulure,
increasing emphasis can be placed on relatively
long-term tespecially degree-related) CIAT training
to assist national institutions in their efforts 1o
further upgrade the scientific level of their
personnel. It is in this context that CIAT provided
thesis-research opportunities to 23 students
working toward their master's degrees in 1982. In
addition, 14 students conducted Ph.D. thesis
research at CIAT: most of the Ph.D. students,
however, came from developed countries where
they pursue their academic studies with
collaborating universities.

Concomitant with the release of new variclies in
several collaborating countries, in 1082 CIAT again
increased its efforts to provide assistance 1o in-
country courses on the production of
commodities in the Center's mandate Tvpiciatly,
these courses are intended to help hridge 1he gap
between research and extension and are aimed at
personnel from both research and extension
organizalions. The courses are organized and
conducted by collaborating national programs
CIAT's role is 1o provide organizational and
technical assistance until such time that national
programs are in a position 1o continue with the
courses by themselves. In 1982, CIAT provided
assistance o 14 in-country eourses leight in beans,
lwo in rice, two in cassava, and two in sceds! in
cight countries: Brazil, Calombia, Costa Rici,
Cuba, Dominican Bepublic, Haiti. Honduras, and
Nicaragua.

Twelve conferences—inclucing workshaps,
seminars, andd meetings—were held or

4



Table 1. Professionals trained at CIAT in 1982, by training category in each commodity and
support unit.

Trainees (no.)

Visiting Visiting researchers
research Speciali-
associates zation plus Intensive
Ph.D. Non- M.S. Speciali- intensive course Program
Program or unit thesis thesis thesis zation course participants subtotals
Commodity programs
Beans 5 1 10 7 1 9 43
Cassava 3 1 2 17 1 5 39
Rice 3 1 12 3 19
Tropical Pastures 6 5 8 13 14 2 49
Total commodity programs 14 7 23 38 48 19 149
Support units and others
Audiotutorial production 4 2 75 81
Laboratory management 1 1
Seed production and
technology 4 2 75 81
Stations operation
management 2 2
Total support units
and others 1 10 2 75 88
Total 14 8 23 48 50 94 237
cosponsored by CIAT in 1982 to help in the lechnolagy development and transter CIAT s
eachange of knowledge and agreement of strong communication and information support
strategies in CIAT s commodity-research networks. compenent is illustrated by the large number and
Gther noncommodityv-specific conferences high ¢uality of publications and audiovisuals.’
reviewed the state ol the art in specific research audivtutarials produced and distributed over the
fields In addition, six major conferences were vears and by the increasing emphasis on
held in CIAT's facilities, sponsored by various professional documentation services
Colombian institutions. Publications range from guarterly newsletters
CIAT s extensive and persistant training efforts that furnish up-to-date information about
have proved 1o he instrumental in the successful activities in each of CIAT's commodilies and the
creation and operation of the international Seed Unit: through network-based publications of
commodity research nehworks in beans. cassava, research data le.g., the IBYAN resulls), through
mee tin Latin Americal, and tropical pastures. manuals of guidelines for network collaborators,
These network activities are described in detail in to moenographs and hooks of research results
each af the program chapters in this report Each program also provides free ol charge (o
network collaborators it's Annual Report.
Communication Beginning in 1982, a guarterly newsletter with

broad information on all of CIAT's activities is also
produced and distributed under the title of CIAT

The process of mutual interchange of information International.

related to research also plays an integral role in Documentalion services provide to subscribers

and Information



West Germany (4}

Holland (2)

Jnited Slates (8)

México (6)

Cuatemala (7}
El Salvador (2)

Egypt (2

Nicaragua {12)

Kenya (2)

Costa Rica {10)

Panama (7] Ecuador (9) Nepal (1)

Colombna (38)

Uruguay (1

Chile (2) Argentmna (2}

gure 1. A total of 237 professienals from all over the world received training at CIAT duning 1982,



CIAT’s strong educational component
assists in technology transfer and
complements its technology generation.

a quarterly journal of abstracts of all papers and providing trainees and others with an overall

publications for each of three commodities— integrated picture of CIAT's research in all four

beans, cassava, and tropical pastures—as well as commodilies..

monthly “pages of contents,” with listings in The utilization centers concept developed by

several fields. this unit has resulted in nine centers in Bolivia,
Over the last 3 years, CIAT's Audiotutorials Unit, Chile, Colombia, Costa Rica, Cuba, Dominican

a special project financed by the Kellogy Republic, Ecuador, Honduras, and Peru. A total of

Foundation, has gained a wide following for the nine individuals from these centers received 27

quality and broad scope of the study units training-months in the Audiotutorials Unit and are

produced and distributed. In total. 99 now capable of producing similar materials in

audiotutorial units (consisting of a study guicle, their own national organizations.

slide show with automaltically pulsed cassette The list of 1982 publications. documentation

tape, and tapescript! have been developed at CIAT, services, and audiotutorials follows.

Each year visiting researchers from throughout the world come to CIAT
to receive training; this activity enhances decentralization and permits

the establishment of collaborative networks in the four staple crops in
CIAT’s mandate.




CIAT 1982 Publications and Audiotutorials

Serials no copies no pages

Commodity/Network Newsletters

1. Arroz del CIAT para América Lalina, nos. 5, 6, 7, 8 1200 ea. 4 ea.
Z. Hojas de Frijol para América Latina, nos. 12, 13, 14, 15 900 ea. 4-6 ea.
3. Sernillas para América Laiina, nos. 5, 6, 7, 8, ¢ 1900 ea. 4 ea.
4. Yuca' Boletin Informativo. nos 10, 11 600 ea, 8-12 ea.
5. Cassava Newsletter, nos 10, 11 600 ea. 8-12 ea
6. Pastos Tropicales' Boletin Informalivo. nos. 6, 7 600 ea 8-12 ea

Annual Reports (1981)

1. Arroz 1100 104
2. Beans 1500 198
3. Cassava 1500 260
4. Pastos Tropicales 1500 302
5. Tropical Pastures 1500 304

Research Highlights

1. CIAT International, Vol 1, Nos. 1, 2 3500 ea. 8 ea.
2. CIAT Internacional. Vol. 1, Nas. 1, 2 4500 ea. 8 ea.
3. CIAT Report 1982 3500 128
4. Informe CIAT 1982 4500 128

Abstracts (cumulative volumes)a

1. Abslracts on Field Beans, Vol 6, 1981 600 276
2. Resumenes Analilicos sobre Frijol. Vol. 6. 1981 GO0 294
3. Abstracts on Cassava, Vol 7, 1981 600 266
4. Resumenes Analiticos sobre Yuca, Vol 7. 1981 600 278
5. Resumenes Analiticos sobre Pastos Tropicales, Vol. 3, 1983 [110] 266
6. Resumenes Analiticos en Econormia Agricola Latinoamericana, Vol. 6, 1981 600 250

Journals of Abstractsb

1 Abstracts on Field Beans, Vol. 7, nos. 1-3, 1982 280 ea. av 122 ea
2 Resumenes Analfticos sobre Frijol. Vol. 7, nos. 1-3, 1982 320 ea. av 122 ea.
3 Abstracts on Cassava, Vol. 8 nos. 1-3, 1982 300 ea. av. 111 equ.
4. Resumenes Analiticos sobre Yuca, Vol. 8, nos. 1-3, 1982 300 ea. av. 111 ea.
5. Resumenes Analiticos sobre Pastos Tropicales, Vol 4, nos. 1-3, 1982 550 ea. av 126 ea.

Pages of Contents (monthly):

1. Agropecuaria General 488 ea 34 ea.
2. Fisiclogia Vegetal 306 ea. 12 ea
3. Proteccion de Plantas 304 ea. 18 ea
4. Suelos y Nutricion de Plantas 299 ea. 10 ea
5. Pastos Produccion/Animal y Nutricion 255 ea. 20 ea.
6. Economia Agricola/Desarrollo Rural 205 ea. 16 e

& Yearly cumulalive valumes of abstrmets panied in card form veased wath these 1981 editions

b Absiracts appearing in journal form thres times a vear heganan 1982 these replace 1he card forms and the annual cumulative volumes



Proceedings, Field Manuals, Technical Reports, and Monographs

10.
11.
12,

Amazoma: Agriculture and Land Use Research (5. B. Hecht, ed)

Amazonia® Investigacion scbre Agricultura v Uso de Tierras (8 B. Hecht. ed)
Biological Nitrogen Fixation: Technology for Tropical Agriculture

(P. Graham and 5. C. Harris. eds)

Chlerotic Mottle of Beans {Phaseolus vulgaris 1) 1W. 1. Javasinghe, ed.)
Programas de Semillas: Guia de Planeacion v Manejo (J. E. Douglas, ed)
Proceedings of the Fifth International Conference ol Plant Pathogenic

Bacteria 1) C. Lozano ed.

Primer Taller Latinoamericano sobre Intercambio de Germoplasma

de Papa ¥ Yuaca—Memorias (W. H Roca. € H. Hershey, and 0. 8. Malamud, eds.]
Problemas de Campo en los Cultivos de Frijol en Arnérica Latina (C. Cardona,

C. A Flor, F J. Morales, and M. A. Pastor-Corrales. eds.)

Manual para la Evaluacion Agronomica: Red Internacional de Evaluacion de
Pastos Tropicales (5. M. Toledo. tech. ed)

fnforme de fa Cuarta Conferencia del IRTP para América Latina tM. Roserol
Report on the Fourth IRTP Conference for Latin America (M. Rosero)

Yuca' Investigacion, Produccion v Utilizacion {C. Dominguez. ed |

h" Audiotutorials

Beans

1.

La Mancha Angular del Frijol y su Control tH. F. Schwartz. F. Correa, and
M. P. Corrales; produced by Héctor F Ospina and Carlos Flor, 19821

2. La Mustia Hilachaosa del Frijol ¥ su Cantrol (G. W Galvez, 1. 1. Galindo, and
M. Castado: produced hy Heéctor F. Ospina. Marceliano Lopez, and Mayra Bonilla, 1982)
Cassava
3. El Coquito (Cyperus rotundus L Biologia v Control 4D, Leihner, 1. Doll, and
C. L. Fuentes de Piedvahita, produced hy Cilia L. Fuentes de Piedrahita, 1982)
4. El cultivo de Meristernas para el Saneamiento de Clones de Yuea (W. Roca and
U. lavasinghe; produced by fernando Fernandez (), 1982)
5 Intercambio Internacional de Clones de Yuyca in vitro W, M Roca:
produced by Fernando Fernandez 0. 1982)
6. Multiplivacion Acelerada de Material Gendlico Promisorio de Yura (J. H Cock,
J. C. Tare, and W. M. Roca, produced by Fernando Fernindez (.. 1082
” Rice
o 7. Descripcion v Dano de los Insectos que Alacan al Armoz en America Lalina
Y. C. de Galvis, J. Conzalez and J. Reves. produced by Oscar Arregocés, 19821
8. Enfermedades del Arroz en América Latina v su Control 15. W Ahn and
P. R. Jennings produced hv Oscar Arregoces, 1982)
9 Fertilizacion Nitrogenada del Arroz (0. Arregocés and L. Leon: produced

by Oscar Arregocés. 1982)

no copies no. pages
2000 428
2000 448
2000 726
550 156
1500 358
2000 6540
1000 296
3000 184
1500 170
200 78
200 70
studv guide slides

no. pp.) tnol
24 79
20 75
55 127

45 61

30 72

25 73

36 111

39 102

40 101



Tropical Pastures
10 Cercapidos Plagas de los Pastos en América Tropical: Biologia v Control

M. Calderdn, G, Arango, and F. A. Varela, produced by Carlos Valencia, 19821 51 79
11 Descripeion de las Plagas que Alacan los Pastos Tropicales y Caracleristicas

de: sus Danos (M. Calderdn and F. A Varela: produced by Carlos Valencia, 1982) 50 106
12 Efeclividad Agrondomica de las Rocas Fosforicas (1. |. Hammond and

l.. A. Leon: produced by Oscar Arregocés, 19821 40 a0
13. La Heterogeneidad del Suelo v los Ensavos de Uniformidad (I A Escobar:

produced hy Héclor F.- Ospina. 1982 24 76

Journal Articles and Paper Presentations

Garver, C. L. 1882. Semior staff in cammunication at international research centers ACE Quarterly 65414316,
Harris. 5.C. 1982, La experiencia del CIAT como centro de informacién especializada- consolidacian e inlegracion Paper presented al 1he
13th Roundiable Meeting of the Inter-American System for Agricultural Information IAGRINTER), CIAT. Cali, Colombia.



Financial
Statements

CENTRO SEGUROS BOLIVAR
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31'6 = = APARTADO AEREO: 180
TELEFOND; 701-146
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CALI - COLOMBIA

March 16, 1983

REPORT OF INDEPENDENT ACCOUNTANTS

To the Board of Trustees of

Centro Internacional de Agricultura
Tropical (CIAT)

In our opinion, the accompanying balance sheets and the related statements
of revenue and expenditures and unexpended funds present fairly the
financial position of Centro Internacional de Agricultura Tropical (CIAT)
at December 31, 1982 and 1981 and the results of its operations for the
years then ended, in conformity with generally accepted accounting
principles consistently applied. Our examinations of these statements were
made in accordance with generally accepted auditing standards and
accordingly included such tests of the accounting records and such other
auditing procedures as we considered necessary in the circumstances.

Our examination for the year ended December 31, 1982 also encompassed the
schedules of analysis of grants and related expenditures, earned income,
comparison of approved budget and actual expenditures and dates of receipt
of grants for that year, which are presented as supplementary information,
and, in our opinion, these schedules present fairly the information shown
therein.

Pt W atediariat



BALANCE SHEET

(Expressed in thousands of U.S. dollars)

ASSETS

CURRENT ASSETS
Cash
Accounts receivable
Donors
Employees
Others

Inventories
Prepaid expenses

Total current assets

FIXED ASSETS

Equipment

Aeroplane

Vehicles

Vehicles (replacements)
in transit

Furnishing and
office equipment

Buildings

Others

Total fixed assets

Total assets

December 31
1982 1981
2,698 1,484
316 273
447 275

1,594 1,268
2,357 1,816

947 1,335
52 69

6,054 4,704

4,441 3,682

676 676
2,557 1,993
75 523

1,364 1,286
7,116 6,929
201 201

16,430 15,290

22,484 19,994

LIABILITIES
AND FUND BALANCES

CURRENT LIABILITIES

Bank overdrafts
Accounts payable
" Total current liabilities

GRANTS RECEIVED IN
ADVANCE

FUND BALANCES

Invested in fixed assets
Unexpended funds
{(déficit)

Core

Unrestricted

Working fund

Capital grants
Special projects

Donors

Others

Total fund balances

Total liabilities and
fund balances

The notes on page 110 are an integral part of the financial statements.

Becember 31
1982 1981
40 44

3,982 2,371
4,022 2,415

70 407

16,430 15,290

165 ( 100)
1,099 603
265

820 1,217
122) ( 103)

1,962 1,882

18,392 17,172

22,484 19,994



STATEMENT OF REVENUE AND
EXPENDITURES AND UNEXPENDED FUNDS

IExpressed in thousands of U.S. dollars)

Revenue 1982 = 1981
Core
Operating grants
Unrestricted 10,447 9,283
Restricted 7,653 6,358
Working fund grant
Capital grants 470 678
Total Core 18,570 16,319
Special projects 1.897 2,732
Earned income 926 540
Total revenue 21,393 19,591
Expenditures
Core programs
Crop research 6,311 5,554
Land resources research 4,592 3,949
International cooperation 2,374 2,165
Administration expenses 1,625 1,343
General operating costs 2985 3,200
Total Core programs 17,887 16,211
Special projects 2,286 1,934
Fixed assets 1,140 1,096
Taotal expenditures 21,313 19,241
Excess of revenue over expendilures
Qperating grants 265 ( 100)
Working fund 244 70
Capital grants { 400 (418}
Special projects (389 798
80 350
Transfers between funds
To (from) working funds 252 | 327)
From special projects { 271 C 158)
(From) to capital grants (225 485
80 350
Unexpended funds at beginning of vear 1,882 1,532

Unexpended funds at end of vear (see
balance sheet) 1,962 1882

The notes on page 110 are an integral part of the financial statements.



NOTES TO FINANCIAL STATEMENTS

NOTE 1 — ACCOUNTING POLICIES

The following significant accounting policies and practices of CIAT are
set forth to facilitate the understanding of data presented in the
financial statements.

Inventories
Inventories are stated at the lower of cost or market value, cost being
determined on an average basis.

Fixed assets
Fixed assets are recorded at cost.

Depreciation

In conformity with generally accepted accounting principles applica-
ble to nonprofit organizations, CIAT does not record depreciation of
its property and equipment,

NOTE 2 — FOREIGN EXCHANGE

All foreign exchange transactions are controlled by the Colombian
government and, accordingly, all foreign exchange received in Colom-
bia must be sold through official channels. The following exchange
rates were used to translate Colombian pesos (P} to U.S. dollars ($):

P/$1
Peso balances included in current Year-end
assets and current liabilities 70.29 exchange rate
Peso income and peso disburse- Average monthly
ments for fixed assets and ex- rate of exchange
penses 61.35 applicable to

sales of dollars

NOTE 3 — OPEBRATIONS

The land on which CIAT carries out its operations was ceded to CIAT
under an agreement with the Colombian government which expires
on July 15, 2000. The agreement may be extended thereafter by mutual
consent, but if it is not, then CIAT will be obligated to relinquish its
immovable assets on the land to the Colombian government.



SUPPLEMENTARY INFORMATION:
COMPARISON OF APPROVED BUDGET AND ACTUAL EXPENDITURES
FOR THE YEAR ENDED DECEMBER 31, 1982

(Expressed in thousands of U.S. dollars)

Crops research
Office of the Director
Beans
Cassava
Rice
Genetic resources
Research services
Station operations

Land resources research
Office of the Director
Tropical pastures
Carimagua
Data services

International cooperation
Office of the Director
Training and conferences
Communication support
Documentation services

Administration
Board of Trustees
Office of the

Director General
Controller
Executive officer

Untestricted core Restricted core Capital
Approved Approved
budget  Actual budget  Actual Budget  Actual

236 224 72 80
680 633 1,164 1,283
431 480 1,470 1,540

65 110 627 643

232 257 635 55
179 144 142 124
485 400 386 338
2,308 2,248 3,926 4,063
200 194 61 77
2,041 2,266 1,030 1,030
367 237 263 248
338 281 245 259
2,946 2,978 1,599 1,614
165 173 6 6
377 276 501 400
571 537 436 433
306 331 219 218
1419 1,317 1,162 1,057
49 67 13 17

143 176 36 47
398 435 100 110
597 617 145 156
1,187 1,295 294 330

— Continued



Supplementary Information — continued

General operating expenses

Physical plant
Motor pool
General expenses

Total Core

Capitat
Fixed assets

Analysis of variances
Underfunding
Overexpenditure
Transferred from

special projects
funds

Surplus transferred

to unexpended funds

1,036 1,067 267 265
813 787 202 192
898 543 202 131
2,747 2,397 671 588
10,607 10,235 7,652 7,652
1,036 1,140
107
lis= 771
t27)
265
372 (104}




Senior and
Professional Staff
(as of December 1982)

OFFICE OF THE DIRECTOR GENERAL

Senior Staff Assistants

John L. Nickel, Ph.D,, Dr.sc.agr. h.c,, Director General Jorge Alberto Bermudez, C.P.T, Internal Auditor
Orlando Millan, Internal Auditing

Fritz Kramer, Ph.D., Assistant to the Director General

{New position beginning November 1982) VISITORS' OFFICE
Assistants Associales
Cecilia Acosta, Administrative Assistant Fermando Mora, BA., AHA., Head
INTERNAL AUDITING Assistants
] Rodrige Chavez, Information Services
Associales Jorge Enrique Paz, Ing. Agr., Information Services

Luis Fernando Montoya, C.P.T., Internal Auditor

FINANCE AND ADMINISTRATION

Senior staff Assistants
Andrew V. Urquhart, F.C.A., Director {(New position German Arias, Abog., Personnel Officer

beginning April 1982)
grning Ap Maintenance Services

ADMINISTRATION General Administrative Services staff
Senior staff Germadn Gutiérrez, Ing. Mec., Superintendent
Je;i;s An{orﬁ(c;éuél]ar. M.B.A,, Business Adrninistrator, Assistants

ecutive Olhcer Marvin Heenan, Head, Motor Pool

General Administrative Services staff

; ; : . . Supplies
José J. Cortés, Superintendent, Carimagua Station General Administrative Services staff
Associates ‘Fernando Posada, M.5., Head
Camilo Alvarez, M.S., Administrative Associate Assistants
Assistants ‘Percy de Castro, Head, Warehouse
Ricardo Castafieda, Administrative Assistant, Marino Lopez, Head, Imports

Government Relations (Bogotd) Diego Mejia, Head, Purchasing

Edgar Vallejo, Adm. Emp., Head, Travel Office

FINANCE
Food and Housing General Administrative Services staff
General Administrative Services siaff Héctor Florez, C.P.A, Assistant Controller
David Evans, Head “Joffre E. Guerrero, Assistant Controller
“Eduardo Fonseca, Head
Assistants
Human Resources Alexis Corrales, Treasury (stationed in Carimagua)
General Administrative Services staff Jaime E. Cumba, Budget
Germdn Vargas, M.5., Industrial Administrator, Head César Moreno, C.P.T, Accounting

Mario Rengifo, Cashier
‘Left during 1982.



CROPS RESEARCH

Senior staff
Douglas R. Laing, Ph.D., Director

BEAN PROGRAM

Senior staff
Aart van Schoonhoven, Ph.D., Entomologist,
Coordinator

Stephen Beebe, Ph.D., Plant Breeder, Central America
Bean Project (stationed in Guatemala City,
Guatemala)

Jeremy H. Davis, Ph.[}, Plant Breeder, Plant Breeding

Guillermo E. Galvez, Ph.D.,, Plant Pathologist, Regional
Coordinator, Central America Bean Project
{stationed in San José, Costa Rica)

“Peter H. Graham, Ph.D., Microbiologist, Microbiology

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

Silvio H. Orozco, M.5, Agronomist, Central America
Bean Project (stationed in Asuncidn Mita,
Guatemala)

Douglas Pachico, Ph.D,, Agricultural Economist,
Economics

Marcial Pastor-Corrales, Ph.D,, Plant Pathologist, Plant
Pathology

Federico Scheuch, M.S., Agronomist, Peru/CIAT Bean
Project (stationed in Lima, Perti)

Shree P. Singh, Ph.D., Plant Breeder, Plant Breeding

Steven R. Temple, Ph.D., Plant Breeder, Plant Breeding

Michael D. Thung, Ph.D., Agronomist, Agronomy
{stationed in CNPAF, Goidnia, Brazil)

Oswaldo Voysest, Ph.D., Agronomist, Agronomy

Jonathan Woolley. Ph.D., Agronomist, Cropping
Systems

Visiting scientists
*César Cardona, Ph.D., Entomology
“Rarniro de ta Cruz, Ph.D., Physiology

Postdoctoral fellows

Michael Dessert, Ph.D., Plant Breeding
Guy Hallman, Ph.D, Entomology
James Nienhuis, Ph.D., Plant Breeding

Visiting research associates

Krista C. Dessert, M.S., Nutrition
*Julia Kornegay, M.5, Plant Breeding
Jeffrey Mackelroy, M.5., Plant Breeding

Research associates

José Ariel Gutiérrez, M.S., Plant Breeding
*Carlos liménez, M.S.,, Plant Breeding
Nohra R. de Londofio, Ing. Agr., Economics
Jorge Ortega, M.5., Agronomy

Jorge E. Garcia, Ing. Agr., Entomology

Research assistants

*‘Bernardo Alzate, Ing. Agr., Agronomy

Jorge Beltran, Ing. Agr.. Cropping Systems
César Cajiao, Ing. Agr., Plant Breeding
‘Horacio Carmen, Ing. Agr., Plant Pathology
Mauricio Castano, Ing. Agr., Virology

Jesiis A. Castillo, Ing. Agr., Physiology
*Fernando Correa, Ing. Agr., Plant Pathology
Carlos Francisco Chavarro, Ing. Agr, Coordination
Aurora Duque, Ing. Agr., Microbiology
Myriam C. Duque, Lic. Mat,, Economics
Oscar Erazo, Ing. Agr., Agronomy

Diego Fonseca, Ing. Agr., Physiology

Oscar Herrera, Ing. Agr., Cropping Systems
Germdn Llano, Plant Pathology

Carlos Mantilla, Ing. Agr., Entomology
Nelson Martinez, Ing. Agr., Agronomy
Carlos Anibal Montoya, Plant Pathology
Gustavo Montes de Oca, Ing. Agr., Plant Breeding
Dario Ramirez, Ing. Agr., Plant Breeding
Gerardo Tejada, [ng. Agr., Agronomy

CASSAVA PROGRAM

Senior staff
James H. Cock, Ph.D. Physiclogist, Coordinator

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

Guillermo G. Gémez, Ph.D., Nutritionist/Biochemnist,
Utilization

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

Reinhardt Howeler, Ph.D., Soil Scientist, Soil and Plant
Nutrition

Kazuo Kawano, Ph.D,, Plant Breeder, Plant Breeding
(stationed in Rayong, Thailand)

Dietrich Leihner, Dr. agr., Agronomist, Cultural
Practices

J. Carlos Lozano, Ph.D., Pathologist, Plant Pathology

John K. Lynam, Ph.D., Agricultural Economist,
Economics

Julio César Toro, Ph.D., Agronomist, Agronomy



Visiting scientists

Rupert Best, Ph.D,, Utilization
“Mabrouk El-Sharkawy, Ph.D,, Plant Physiology
*Shinichu Sawada, Ph.D., Plant Physiology

Visiting specialists
Ewald Sieverding. Dr. agr., Soil and Plant Nutrition
Christopher Wheatley, Ph.D,, Utilization

Postdoctoral fellows
Upali Javasinghe, Ph.0,, Virology

Visiting research associates
*Jan Margaret Salick, M.5., Entomology

Research associates
*Alvaro Amaya, M.S., Germplasm

Rafael Orlando Diaz, M.S., Econormics

Rafael Alberto Laberry, M.S,, Plant Pathology
Benjamin Pineda, M.S., Plant Pathology
*Jorge Santos, M.S., Utilization

Octavio Vargas, M.S., Entomology

Research assistants

Bernardo Arias, Ing. Agr., Entomology

Dario Baliesteros, Ing. Agr., Soils (stationed in

Carimaguat

Eitel Adolfo Burckhardt, Lic. Biol. Soils

Luis Fernando Cadavid, Ing. Agr., Soils
Fernando Caile, Ing. Agr., Germsplasm
‘Emesto Celis, Ing. Agr., Agronomy

Caroclina Correa, Lic. Econ., Economics
Julian Herndndez, Ing. Agr., Soils
(stationed in Carimagual

Diego Izquierdo, Lic. Econ., Economics
Gustavo Jaramillo, Ing. Agr, Agronomy

‘Lucy Kadoch, Lic. Biol, Physiology

Javier Lopez, Ing. Agr, Cuitural Practices
‘Pedro Millén, Ing. Agr., Germplasm

Germén E. Parra, Ing. Agr., Physiology

Edgar Salazar, Ing. Agr., Cultural Practices
Mauricio Valdivieso, Zoot., Utilization

Ana Cecilia Velasco, Lab. Clin, Plant Pathology

RICE PROGRAM

Senior staff
Joaquin Gonzdlez, M.S, Agronornist, Coordinator

Sang-Won Ahn, Ph.D., Flant Pathologist, Plant
Pathology

Peter R. Jennings, Ph.D,, Plant Breeder, Plant Breeding
(assigned by the Rockefeller Foundation)

César Martinez, Fh.D., Plant Breeder, Plant Breeding

Manuel Rosero, Ph.D., Plant Breeder, IRRI Liaison
Scientist

Hector Weeraratne, Ph.D., Plant Breeder, Plant
Breeding

Visiting scientists
Surapong Sarkarung, Ph.D.,, Plant Breeding

Pastdoctoral fellows
Iairo Castafio, Ph.D., Plant Pathology
Rafael Posada, Ph.D,, Economics

Research associates
Marco Perdomo, Ing. Agr., Agronomy (stationed in
Villavicenciol

Research assistants

Luis Eduardo Berrio, Ing. Agr., Intemational Trials
Luis Eduardo Dussdn, ing. Agr., Plant Breeding
Yolanda Cadavid de Galvis, Ing. Agr., Agronomy
Jenny Gaona, Ing. Agr., International Trials

Luis Eduardo Garcia, Ing. Agr.. Plant Breeding
Julio Eduardo Holguin, Ing. Agr., Plant Breeding
Luis Octavio Molina, Ing. Agr., Plant Breeding
Eliseo Nossa, Ing. Agr., Plant Breeding

Miguel Eduardo Rubiano, Ing. Agr., Plant Pathology
Edgar Tulande, Ing. Agr., Plant Pathology

SEED UNIT

Senior staff
Johnson E. Douglas, M.S., Seed Specialist, Head

Federico Poey, Ph.D,, Seed Specialist, Seed Production

Hesearch associates
Joseph E. Cortés, Ing. Agric., Training

Research assistants

José F. Aristizdbal, Ing. Agric, Seed Quality Control
José Fernandez de Soto, Ing. Agric., Communication
Guillermo Giraldo, Ing. Agr., Seed Production
Napoledn Viveros, Ing. Agric.,, Seed Processing



GENETIC RESOURCES

Sentor staff
william M. Roca, Ph.D., Physiologist, Acting Head

Visiting research associates
“Thierry Vanderborght, Ir. agr., Germplasm (Beans)

Research associates
Germadn Alvarez, M.S., Germplasm {Forages)
Rigoberto Hidalgo, M.5., Germplasm (Beans)

Research assistants

Javier Narvaez, Ing. Agr., Physiology

Jorge Alberto Rodriguez, Ing. Agr., Physiology
Hember Rubiane, Ing. Agr., Germplasm (Beans!

LABOBATORY SERVICES

Research associates
Octavio Mosquera, M.5,, Analytical Services

Research assistants

Charles McBrown, Tec. Elec., Instruments
Maintenance

Roberto Segovia, Ing. Agr., Greenthouses/Landscaping

EXFERIMENTAL STATIONS OPEBATIONS

Senior staff
Alfonso Diaz-Durdn, Ing. Agric, P.E., Superintendent

Research assistants

Javier Carbonell, M.S,, Palmira Station

Javier Castillo, Ing. Agric., Head, Popayan Substation
Ramiro Narvdez, Ing. Agric., Head, Quilichao Substation
Edgar Quintero C., Ing. Agr., Paimira Station

RESOURCES RESEARCH AND
INTERNATIONAL COOPERATION T+

Senior staff
Gustavo A. Nores, Ph.D,, Director

‘José Valle-Riestra, Ph.D, Director, International
Cooperation

Associates
Uriel Gutiérrez, M.5.. Administrative Assoctate
*Jorge Pefia, M.S, Administrative Associate

TROPICAL PASTURES PROGRAM

Senior staff
José M. Toledo, Ph.D., Pasture Agronomist,
Coordinator

Eduardo Aycardi, Ph.D., D.V.M,, Animal Scientist,
Animal Health

Rosemnary S. Bradley, Ph.D., Soil Microbiologist,
Microbiology

Mario Calderdn, Ph.D., Entomologist, Entomology

Walter Couto, Ph.D,, Soil Scientist, Pasture
Development {stationel in CPAC, Brasilia, Brazil)

John E. Ferguson, Ph.D., Agronomist, Seed Production

+ International Cooperation combined with Land Resources
Research as of Novemnber 1982

Bela Grof, Ph.D., Agrostologist, Legume Agronomy
{stationed in Carimagua)

Carlos Lascano, Ph.D., Animal Scientist, Pasture Quality
and Animal Nutrition

Jillian M. Lenné, Ph.D., Plant Pathologist, Plant
Pathology

John W. Miles, Ph.D., Plant Breeder, Agronomy/Forage
Breeding

C. Patrick Moore, Ph.D., Animal Scientist, Cattle
Production Systems (stationed in CPAC, Brasilia,
{Brazil

Esteban A, Pizarro, Ph.D., Agronomist, Regional Trials

José G. Salinas, Ph.D,, 50il/Plant Nutritionist, Soil and
Plant Nutrition

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

Carlos Serd, Dr. agr., Agricultural Economist,
Economics

James M. Spain, Ph.D., Soil Scientist, Pasture
Development [stationed in Carimagua)

Luis E. Tergas, Ph.D., Agronomist, Pasture Productivity
and Management

Derrick Thomas, Ph.D,, Forage Agronomist, Agronomy
(stationed in CPAC, Bragilia, Brazil}

Raul R. Vera, Ph.D., Animal Scientist, Cattle Production
Systems



J

Visiting scientists
Haruo Hayashi, B.S., Pasture Productivity and
Management
‘E. Mark Hutton, D.Sc.. Legume Improvement

Visiting specialists
*Christoph Plessow, Dipl. agr., ETES Project (stationed
in Maturin, Venezuela)

Postdoctoral fellows

*Pedro J. Argel, Ph.D,, Seed Production

*Raymond F. Cerkauskas, Ph.D., Plant Pathology
Istationed in Brasilia, Brazil)

*Frank Miller, Dr. agr,, Cattle Production Systems
{(stationed in Carimagua)

Saif ur Rehman Saif, Dr. agr., Soil Microbiology
(stationed in Carimagua)

Rupprecht Schellenberg, Dr. agr., Animal
Science/Economics Istationed in Panama)

Visiting research associates

*Gerhard Keller-Grein, Dipl. agr., Germplasm

Martin Schneichel, Dipl. agr., ETES Project (stationed
in Puerto Gaitan, Colombia)

"Isabel Valencia, M.S., Pasture Development (stationed
in Carimagua)

‘Linus Wege, M.S., Agronomy (stationed in Carimagua!

Research associales
*Miguel Angel Ayarza, M.S., 5oil Microbiology
Edgard Burbano, M.S,, Soil Microbiology
"Carios E. Castilla, M.5., Agronomy/Regional Trials
"Rodolfo Estrada, M.S., Econormics

Rubén Dario Estrada, M.S., Economics

Libardo Rivas, M.S.. Economics

Research assistants

Amparo de Alvarez, [ng. Agr., Plant Pathology

Guillermo Arango, Lic. Biol,, Entomology

Alvaro Arias, Ing. Agr., Agronomy (slationed in
Carimagua}

Hernando Ayala, D.V.M.Z.. Cattle Producticn Systems
{stationed in Carimagua)

Gustave Benavides, Ing. Agr., Germplasm

‘Gerfried Carlos Buch, Ing. Agr., Agronomy (stationed in
Carimagua)

Raul Botero, D.V.M.Z, Cattle Production Systems

Javier Asdrubal Cano, Lic. Econ., Administrative
Assistant to the Coordinator

Gustavo Cuenca, Zoot., Pasture Quality and Nutrition
(stationed in Carimagua)

Martha Lucia Escandén, ing. Agr.,, Forage Breeding/
Agronomy

Carlos Escobar, Ing. Agr., Soil and Plant Nutrition

Luis H. Franco, Ing. Agr., Regional Trials

Manuel Arturo Franco, Ing, Mec,, Systems Analyst,
Office of the Coordinator

Duvén Garcia, Ing. Agr., Seed Production

*Obed Garcia, D.V.M., Animal Health

Herndén Giraldo, Ing. Agr., Agronomy
Arnulfo Gémez Carabaly, Ing. Agr., Agronomy/Regional
Trials

"Ramdn Gualdrén, Ing. Agr., Soil and Plant Nutrition
*Francisco J. Henao, D.V.M.Z., Animal Health (stationed

in Carimagua)

Phanor Hoyos, Zoot., Pasture Quality and Nutrition

Carlos Humberto Molano, Ing. Agr., Forage Breeding/
Agronomy

Dazier Mosquera, Ing. Agr., 5o0il Microbiology (stationed
in Carimagua)

Gloria Navas, Ing. Agr., Pasture Development (stationed
in Carimagua)

Fabiola de Ramirez, Lic. Bact, Soil Microbiology

Raimundo Realpe, Ing. Agr., Agronomy (stationed in
Carimagua)

Bernardo Rivera, D.V.M., Animal Health (stationed in
Carimagua)

Manuel Sanchez, Ing. Agr., Seed Production

Celina Torres, Ing. Agr., Plant Pathology

Feman Alberto Varela, Ing. Agr.. Entomology

*laime Veldsquez, Zoot., Pasture Productivity and

Management (stationed in Carimagua)

‘Bernardo Velosa, Ing. Agr., Forage Breeding/Legume

Improvement (stationed in Carimagua)

IFDC/CIAT PHOSPHORUS PROJECT

Senior staff
Luis Alfredo Leén, Ph.D., Soil Scientist, Head

Jacqueline A. Ashby, Ph 1), Rural Sociologist, Sociology

“Larry L. Hammond, Ph.D., Soil Chemist, Head

Postdactoral fellows
Elizabeth Hansen, Ph.D., Anthropology



Visiting research assoctates
David J. Harris, M.5, Soils, IFDC/Benchmark Soils
Project

Research assistants

“German Montes de Oca, Ing. Agr., Agronomy
Carlos Arture Quirds, Ing. Agr., Agronomy
Luis Guillermo Restrepo, Ing. Agr, Agronomy

DATA SERVICES

Senior staff
Leslie C. Chapas, Dipl. Math. Stat., Biometrician, Head

Visiling scierttists
Peter Jones, Ph.D., Agroecological Studies

General Administrative Services staff
Maria Cristina Amézquita de Quifiones, Dipl. Math.
Stat., Head, Biometrics

Research associates

James Arbey Garcfa, M.5., Biometrics

José Eduardo Granados, M.S., Biometrics
"Gloria Quinterop, Ing. San., Computing

Hugo Macias, Ing. Civil, System Programmer

Research assistants

Maria del Rosaric Henao, Ing. Sist, Computing
*Camilo Jordan, Computing

Oscar L. Quevedo, Ing. Sist, Computing

Julidn E. Rengifo, Ing. Sist, Computing

Alfredo Rojas, Biometrics

"Jasé Alfredo Saldarriaga, Ing. Sist., Biometrica

COMMUNICATICN/INFORMATION SUPPORT UNIT

(New organization beginning Novermnber 1982)

Senior staff
Susan C. Harris, M.L.S., Information Specialist, Head

Audictutorials

Associates

Comelio Trujillo, M.S., Supervisor

Oscar Armegoceés, Ing. Agr., Production

"Maria Lucia de Posada, M.8, Ediiorial Services

Assistants =
Fernando Fernandez O, Ing. Agr., Production

*Cilia Fuentes de Piedrahita, Ing. Agr., Production

Héctor Fabio Ospina, ing. Agr., Production

Carlos Alberto Valencia, Ing. Agr., Production

Comimurication

Senior staff

Susana Amaya, Ph.D., Editor/Communication
Specialist, Network Communication

Cynthia L. Garver, M.A, Editor/Communication
Specialist, Scientific/Technical
Communication

Visiting editors
‘Paul Gwin, M.S., Editorial Services

Associates r
Francisco Motta, M.S,, Network Communication
Ana Lucta de Romén, Ing. Agr., Network
Corrumunication
Assistanis
Maria Lida Cabal, Netwerk Communication
Rodrigo Ferrerosa, Lic. Econ,, Scientific/Technical
Communication
Alexandra Walter, Scientific/Technical
Communication
Graphic Arts/Production
General Administrative Services staff
Walter Correa, Ph.D., Head
Associates
Alvaro Cuéllar, Supervisor, Photography
Carlos Rojas, Supervisor, Graphic Design
Assistanls L "
Didier Gonzilez, Graphic Design -

Carlos Vargas, Graphic Design

Library and Documentation Services

Associates
Jorge Lopez 8., Supervisor, Documentation Center



“

Assistanis

Fabiola Amariles, Lic. Educ., Reference Services

Stella Gomez, Lic. Bibl, Supervisor, Library Services

“Carlos P. Gonzdlez, Ing. Agr., Bean Documentation

Francy Gonzdlez, Ing. Agr., Bean Documentation

Mariano Mejla, Lic. Educ., Tropical Pastures
Documentation

Lynn Menéndez, Editing and Translations

Piedad Montaiio, Supervisor, Acquisitions

Herndn Poveda, Lic. Bibl., Supervisor, Technical
Processes

*Himilce Serna, Lic. Bibl., Technical Processes (Books)

SCIENTIFIC TRAINING AND CONFERENCES
Senior staff

Fernando Fernidndez, Ph.D,, Soil Scientist, Coordinator

Postdoctoral fellows
Jaire Cano, Ph.D,, Training Evaluation

General Administrative Services staff
Alfredo Caldas, M.S., Admissions Administrator

Associates i

Carlos Dominguez, M.S5., Cassava

Carlos Flor, M.S, Beans

Elias Garcia, Ing. Agr., Rice

Marceliano Lopes, M.5., Tropical Pastures

Jesus Reyes, M.§., Cassava

Eugenio Tascén, Ing. Agr., Rice/In-country Training

Asgsistanis
Carlos Sudrez, B.S., Crientation

REPRESENTATION OF COLLABORATING
INSTITUTIONS IN CIAT

Andean Region Maize Project (CIMMYT)

Senior staff

Gonzalo Granados, Ph.D., Entomologist, Head

James Barnett, Ph.D., Flant Breeder, Andean Regional
Services

Research assistanls
Edgar Castro, Ing. Agr., Plant Breeding

Regional Sorghum Project INTSQGRMIL)

Senior staff
Lynn Gourley, Ph.D., Plant Breeder, Head

Aesearch Assistants
Manuel Coronado, Ing. Agr., Plant Breeding

CIF Regional Representation

Oscor Malammud, Ph.D, Liaison Cificer, Head
(stationed in Bogota)

Jan Henfling, Ph.D., Liaison Officer (stationed in
Medellin)

GTZ Regional Representation

Ganther John, Dr. agr., Liatson Officer

IBPGR Begional Representation

Miguel Holle, Ph.D,, IBPGR Representative for Latin
America

REGICNAL AND BILATERAL PROJECTS

Agricultural Research and Extension
Project, INIPA, Peru {World Bank)

Edward Pulver, Ph.D, Co-leader, Rice [stationed in
Tarapato, Perl




CGIAR

Consultative Group for International Agricultural Research

)
T HE CONSULTATIVE Group
for International Agricul-
tural Research (CGIAR) was
formed in 1971 to provide a
mechantsm for mobilizing
broadbased financial support for
the glabal system of 13
international agricultural
research centers and organi-
zations. The creation of CGIAR
indicated the desire of donor
agencies to provide long-term
support for agricultural develop-
ment in the developing world.
In addition, in consultation with
the Technical Advisory Com-
mittee—a panel of top-level
scientists who oversee the
research programs of the
centers — CGIAR is able to
assure financial donors that
their resources are being used
to achieve maximum benefits.

The soundness of this system
is evidenced by the fact that
donor membership in CGIAR
has grown from 15 in 1972, who
contributed about U8$20 million,
1o 35 in 1982, with a total
contribution of about US$145
million.

Each cenler (of which CIAT is
one, see front endpaper) or
organization in the CGIAR
system is autonomous, with its
own Board of Trustees or other
governing body. Each develops
its own budget for funds pro-
vided by CGIAR, consistent with
the total money pledged to be
available for the coming year
and the center's program in

relation to the goals of the
system, Each cenler budget is
submitted annually during the
cenler’s review week, when a
short overview of ils programs
and accomplishments is pre-
sented before the body of CGIAR
donors and other represen-
tatives.

CGIAR operates informally
and by consensus and provides
an outstanding example of
effective, flexible, and successful
cooperation between the
industrialized and developing
worlds. Headquarter offices are
furnished by the World Bank in
Washington, D.C. The Bank also
provides the services of a
Chairman and an Executive
Secretariat. The Secretariat of
the Technical Advisory Com-
mitte is provided by the Food
and Agriculture Organization of
the United Nations in Rome.

The nine international agri-
cultural research centers and
four associated organizations
have the following headquarters
and research responsibilities:

International Center for
Tropical Agricultural (CIAT),
Cali, Colombia: cassava, field
beans, rice, and tropical
pastures.

International Center for
Maize and Wheat Improve-
ment (CIMMYT), El Bataan,
Mexico: maize and wheat.
International Potato Center
(CIPI, Lima, Peru: pelatoes.
International Center for
Agricultural Research in the
Dry Areas (ICARDA}, Aleppo,
Syria: farming systems,
cereals, food legumes (broad
bean, lenlil, chickpeal, and
forage crops.

International Crops Re-
search lostitute for the
Semi-Arid Tropics (ICRISAT),
Hyderabad, India: chickpea,
pigeonpea, pearl millet,
sorghum, groundnut, and
farming systems.
International Institute of
Tropical Agriculture (1ITA),
Ibadan, Nigeria: farming
syslems, maize, rice, roots
and tubers (sweet potatoes,
cassava, yams), and food
legumes (cowpea, lima bean,
soybean),

International Laboratory for
Research on Animal Dis-
eases {I[LRAD), Nairobi,
Kenva: trypanosomiasis and
theileriosis of cattle.
International Livestock
Center for Africa (ILCA),
Addis Ababa, Ethiopia: live-
slock production systems.
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International BRice Research
Institute (IRRI), Los Banas,
the Philippines: rice.
International Board for Plant
Genetic Resources (IBPGR),
Rome, Italv: plant varieties
collection and information.

® [FPRI

® CIMMYT

oCIAT
eCIP

International Food Policy

Research Institute ([FPRI),

Washington, D.C., USA:

International Service for
National Agricultural Re-
search (ISNAR), The Hague,

analysis of world food the Netherlands: research
problems. support.
®  West Africa Rice Develop-
ment Association (WARDA),
Monrovia, Liberia: rice.

@®ISNAR
@ IBPGR
®ICARDA
ICRISAT
o @IRRI
®ILCA
WARDA® @IITA

® ILRAD






