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Foreword
 

T the increasing proportion ofhe readers of CIAT The most obvious 
Report 1983 will find example of decentralization CIAT's training efforts 

two interrelated threads is in the area of crop devoted to helping national 
woven throughout the improvement, where programs conduct their own 
robust fabric of solid national programs play an in-country training courses. 
technical progress. increasingly important role
 
Decentralization and 
 in the advanced selection of The achievements 
networking, which bind segregating materials to summarized in this report
CIAT's programs ever more develop new improved were accomplished during a 
firmly to the larger canvas varieties for their own period of consolidation. 
of the national research specific conditions. As During 1982, in preparation 
systems, have always been national programs become for the reduced budget in 
key components in CIA r's ever stronger partners in the 1983, it was necessary to 
philosophy. Their growing generation of improved phase out a number of 
importance today, however, production technology, the program activities in order 
is a result of substantial role of networking becomes to decrease the number of 
recent progress. The more important in order for senior staff positions from 62 
impressive technological the technology developed in 1982 to 54. The fact that 
achievements summarized by various components of the programs remained so 
in this report demonstrate the network to be tested productive and the scientists 
that asolid scientific base and shared in a system of ernthusiastic about their 
has been laid at horizontal transfer. Such work in the face of these 
headquarters so that a networking activities also painful reductions is a 
stronger move toward provide the national testimony to the high quality
decentralization is now programs with an important and dedication of CIAT staff 
possible. This cannot be voice in the design and and the stimulation that 
implemented without the execution of the comes from the progress
continued strengthening of collaborative international being made. 
the corresponding programs testing nurseries. 
in national research systems Another aspect of 
to provide a strong 
partnership for networks of decentralization, building 
collaborative activities, on the fruits of previous 4 .,4e 

training and cooperation, is D04rL.ikV John L.Nickel 
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CIAT's 
Mandate
 

V 
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: 

The CIAT strategy to 
accomplish these objectives is 
summarized by the tollowing 
statements regarding resource 
emphasis, commodity choice, 
institutional role, and sf'ope of 
actihities. 

Resource emphasis. CIAT's 

diets, especially of the low­
income, urban and rural 
population. Technology which 
contributes to expansion of 
agricultural production of 
suitable commodities on the 
less fertile frontier lands makes 
possible the release of the more 
fertile lands for maximum crop 

To generate and deliver, in 
collal)oration with national and 
regional institutions, impromved 
tehnology which will contribute to 
increased produttlion, produclivily,
and quality ofsp4Tcific fiod 
commodities in tle Iropics-
puincipally countdnes in Latin 
Anrica and Ihe Caib ean-
thlerehy enal)ling producers and 
consumers, e!sle(:ially those with 
limited resources, to increase their 
putrchasing pow.!r and improve their­

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 
slable food prices, and improved 

cultivation, thus achieving more 
efficient fod and animal 
production using both poor and 
fertile land resources, to meet 
consumer demands. 

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

nutrilion. 
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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 attributes: 
it is a relatively inexpensive 
source of calories; it is a 
relatively inexpensive source of 
protein; it is an important 
component inithe food budget 
of low-income consumers in the 
geographic region of emphasis. 
Commodities ar selected for 
their potential to augment the 
productivity and incomes of 
farmers with limited resources 
and/or to contribute to 
increasing agricultural 
prmduction on existing 
cultivated lands or in the 
agricultural frontier, 

Institutional role. Abasic 
premise ot CIATs strategy is 
that it represents only one small 
segment of the agricultural 
research and development 
matrix. All center activities, 
therefore, are viewed as 
complementary to those ofcopeetr 
other organizations. linkage to 
other closely related activities is 
essential in developing effective 
research networks that capture 
economies of cale in research 
on the chosen commodities. 
Such activities include the 
following three groups: national 
research and extension systems. 
specialized research 
institutions, and related 
international programs. 

The most important interface 
is with national research 
systems. In partnership with 
these programs, CIAT 
concentrates on activities for 
which CIAT has a clear 
comparative advantage and the 
results of which have 
international transferability. 
Such activities include the 
assembly of germplasm banks; 
large-scale screening, crossing, 
and selection; methodology 
development; and information 
services. CIAT attempts to 
strengthen collaboration and to 
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 to provide selected 
research inputs and specialized 
research services that 
complement and support CIAT's 
more problem-solving research. 

The principle of 
complementarity also 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 
tropics. Its commodities are 
selected for their importance in 
this region. Yet, given that 
within the CGIAR systems the 
center has been assigned 
broader responsibilities for given 
commodities, CIAT is 
differentiating functional 
responsibilities on the basis of 
the following categories: (1) 
Principal, and 12) Regional. 

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

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

2. 	 Conduct specialized, strategic 
research; 
reseach; 

3. 	 Generate improvedproduction technology corn­
ponents for, and develop 
cooperative activities with, 
national research systems in 
all regions in the developing 
world where the commodity 
is important, and no sister 
CGIAR center is assumng 
regional responsibilities; 



4. 	 Provide in-service training 
for prolessionals in the 
specialized/strategic areas of 
research on a global basis; 

5. 	 Provide specialized in-service 
and production-oriented 
training for professionals 
fror coutries where no other 
C(;IAR center hasarea-sp(c:ific 
responsibilities; 

6. 	 Collect, process, and 
disseminate information on 
the commodity on a global 
basis; 

7. 	 Blackstoptheactivitiesofother 
institution(s, if any, with 
regional responsibiiities 
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 
responsibilities, especially No. 3 
and No. 5. Together with 
national research systems it 
identifies principal production 
constraints, and, in close 
collaboration with the ccnter 
having responsibility, seeks to 
facilitate such activities as are 
required to overcome such 
constraints. 

ivii 

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

1. 	Principal responsibilities for 
bans(ieaseolustqaris 
and related species)and 
cassava IAlanihot escudenta); 

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

3. 	 Regional responsibilities for 
rice Ispecific 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 ofbeans. 

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 countries they range from 

350 to 1200 kg/ha, with an average of550. 

Productivity 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 Phasolus vulgaris,for instance. Other 
problems include traditional low-density 
plantings and the general reluctance to use 
fertilizers to correct poor soils, due to the risk that 

diseases or droughts might severely damage the 
fanner's crop. 

Thus, the ciAT Bean Program assigns first 
priority to breeding for improved bean varieties 

that provide reliable yield performance over time; 
this is accomplished l)y 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 'rnproved 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 prIoblems of the small farmer and 

stresses the concept of minimum-purchased 

inputs to assure that production technology is 

within the reach of the bean fanner. The Program, 

however, also cooperates with large Ihrmers in 

such areas as Argentina, Brazil, Mexico 

and Kenya. 
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 hifhest 

yielding, which have become available from the 

crop improvement efforts. 

Given the multitude ofcropping systems, 
ecological zones, and consumer preferences for 

which improved bean varieties must be 

developed, 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 
decentralization in technology development 
requires a high level of technrcal competence at 

the national level. To help bring this about and 

nut ure it, extensive and persistent manpower 
development efforts are undertaken by the Bean 
Program to develop a true international 
cooperation. 

In 1982, the 10lth year of interdisciplinary bean 
improvement work by CIAT, the Bean Program 
had sections devoted to plant breeding, pathology, 

entomology, microbiology, nutritional quality, 
agrnonmy, on-farm research, economics, 
international testing, and germplasm 
collection/systematization. Technology 
development is achieved through three general 
phases. First, production constraints and research 
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Intensive collaboration with the Colombian national legume program of ICA 
enables germplasm evaluation in contrasting environments. At ICA-Obonuco at

2700 masl, for instance, beans and maize in association are being tested. 
prioilies are inonilored; Ihen, Ihey are tackled by i anyone who wishes to receive the full nurseries 
Systematic genelic developmlent of maximum or selecedl parts of them. Separate yearly reports
levels of the desired character expression. Finally, on these nurseries are available from CIAT. 
resulling lines with high levels of spe(itic trait A series of disease- andl inse(t-resistance

expiressions are used, botIh at CIA' and at Ihe nurseries are also evaluated wilhin the
 
national level, to oltain multiple-fhtor international network to sort out race complexes

reconibinaiions incomnmercially acceptable hean 
 of pathogens, to identify sources of wide 
ctnltival's. resistance, and to identify area-specific parental


Newly developed lines enter a three-stage, adaptation. International nurseries for drought,

uniform nursery evaluation scheme: 
 nitrogen fixation (llhizobium strains as well asbean lines), and] selected (liseases andl insects not

Team Nurseryl.aluation of agro-Ev ocurring in Colombia, are also organized. 
ecological aaptation and Collahorating national agncies now have 
disease resistance. increased capacity to levelop bean lines unicluely 

2. EP Ensavo Preliminar de Rendimiento suited to the complex of given pro(luction
constraints, procduction systems, and(Preliminary Yield'1Trial). C'onfirmation consumerof disease resistances and evaluation preferences. This allows the Bean Program to 

of dieae resitac and e o devote more attention to developing segregating 
quality populations and early generation progenies for 

3. IBYAN International Bean Yield and specific bean-growing regions for fulher 
evaluation and selection by technical personnel ofedahtioninuvarioustnternotiinal collaborating national programs. The Bean 

evaluation in varousagroecological Program is thus tast approaching the stage at 
which the already firmly established international 

All three nurseries are conducted on a calenclar- bean research network beccmes an international 
year basis. National programs also enter their best research program of mutLually interdependent 
hybrid lines into this testing scheme to help faclors. 
ensure that s.uperior materials are freely available 

3 
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Summary of Achievements 

At this time, improved parental materials have evaluation tests organized by the Bean Program. 

been identified by the Bean Program to help Commercially acceptable improved lines are now 

overcome the major limiting production factors. available for nearly all principal bean production 
areas in Latin America and the Caribbean, andFor the last 2years, resistance to bean common 

mosaic virus, one of the principal diseases, has they are now being tested extensively in Africa. 
By the end of 1982, seven collaboratingbeen incorporated into all lines leaving CIAT. 

Resistance breeding for, among others, angular countries had already launched a total o1" 13 

leafspol, Ascocht a leafblight, bean golden mosaic commercial varieties based on materials received 

virus, common bacterial blight, and rust has from CIA'. An additional 12 lines had been 

already resulted in the availability of bean varieties identified by eight countries as varieties to be 

released shortly and were undergoing seedresistant to these diseases. Similar progress has 

been achieved in breeding for resistance to such multiplication. A further 2,1 promising lines were 

in advanced evaluations in 10 coulitries. The threeinsect pests as the bean podweevil, the beanfly, 

bruchids, and the leafhopper. New plant types major bean-producing countries in Latin America, 

have been developed with improved plant Argentina, Brazil, and Mexico, have already 
released improved lines from CIAl as newarchitecture; bean lines with enhanced capacity to 

fix atmospheric nitrogen have been bred; and varieties. And, in Costa Rica, Cuba, Guatemala, 

bean lines with superior performance under low Honduras, and Me.xico, improved varieties have 

phosphorus availability have been identified. reached the farmer level, where they are 

A large number of improved lines combining up 	 beginning to have an impact on total production. 

In Africa, in Burundi and the Republic of Southto five desired characters has already advanced 
Afiica, the first bean lines have just been released.successfully through the entire series of 

Germplasm Base
 
for Genetic Improvement
 

Phaseolus beans are distributed worldwide: they 	 preservation of germplasm of the genus Phaseolus. 

In late 1982, six years after formally assuming this are cultivated in the tropics, the subtropics, and 

the temperate zones, and in many regions they responsibility, the CIAT germnplasm collection 
contained more than 32,000 accessions embracingare considered staple foods. While more than 30 

Phaseolus species have been described, only four the four cultivated species, their wild ancestors, 

"and the noncultivated species (Table 1). Thisare cultivated. Of the latter, the common bean, 
germplasm has been obtained through donationsA' vulgaris, is the most widely grown. The remain-

from national germplasm banks and collection
ing three cultivated species are scarlet runner 

beans (P.coccineus', tepal)y beans (P. acutifolius), expeditions to the centers of origin and 

and lima beans (W.lunatus). dispersion. Also included in the bank are the most 

Within the international center's system, CIAT promising progenies resulting from the
 

has global responsibility for collection and hybridization efforts at CIAT.
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In a Colombian regional trial, small farmers 
in the town of Pescador thresh beans from . 

small evaluation plots to measure the 
response to fertilization with rock phosphate. ' . . ,= 

Aside from the obvious task ofgathering as
 
much as possible of the existing variability in
 
Phaseolus bians to prevent loss of genetic
 
variability, ai major challenge is to measure, or
 
quanlitfV, the variability of the germplasn,
 
esp)cially for the common bean. Another 
challenge is to make effective use of the relatel 
species (tertiary gene pools), as a means not only 
to impro e the common bean but also to pursue 
the possibility of using those .pecies as crops in 
environments where A. viuqariscannot be adapted­
or has many limitations. A better understanding of 
the real variability and oi le phylogenetk:ai 
relationships will be a powerful tool for bean 
breeders in making more efficient use ol the 
available germplasm base. 

Origin and Representation 
in CIAT's Collection 
Distribution of P. vulgaris as a crop ranges from 
0 to 3000 masl, and from 0 to 420 latitude, 
N and S, requiring a broad genetic variability. 

Archeological findings in Mesoamerica and the 

availability of a large number of wild anceslrir and 
wild noncullivated forms of the genus there 
suggest that the Mexico/Guatemala area is the 
center of origin for the common bean. However, 
since the expeditions of Columbus, the common 
bean was geog-al)hically dispersed and thus has 
been adapted to many new areas outside the 
Americas. This has resulted in several secondary 
centers of dispersion, which, in many cases, are 
400 years old. About 70.1,of the nearly 29,000 
accessions of P. vulgaris in the CIAT germplasm 
bank have their origins in the Americas, hut 
almost 9000 accessions have been obtained from 
Europe, Africa, anl Asia/Oceania ('rale 2). Such 
materials are also soures for local adaptation in 
improvement programs. Active col' ,ction efforts 
for P. vulgaris continue to be assigned high 
priority by CIAT in narrow collaboration with the 

Table 1. Status of Phaseolus bean collection 
at c 

held at CIAT (December 1982) 
h ld of PD se r 1982) . 

Species Accessions (no.) 

Cultivated spp. and their 
wild ancestors 
p.vulgaris 28,874 
P. lunatus 2,344
P. coccineus 1,082 
P. acutifolius 148 

Wild, noncultivated spp. 
(10 species) 84 

Total 32,532 

Table 2. Geographical origin of Phaseolus 

vulgaris germplasm held at CAT. 
-

Region Accessions (no.) 

North America 9568 
Caribbean 84 
South America, Andean Zone 3692 
South America, non-Andean Zone 1361 
Europe 6463 
Africa 2065 
Asia/OceAnia 424 

Total 28,874 



Accessions (no.) 
White (22.5%) Mottled,speckled, 

700 or spotted colors 

6000 Black (20.2%)- = Pure colors 

Cream (18.0%) 
5000­

6 4000 Red (12.6%) 

Yellow (11.6%) 

3000-


Brown (5.5Y,) 


2000-- Purple (5.4%) 


Pink (3.1%) 

Others 
0 111 1.1%) 

Seed color (% of total accessions) 

Figure 1. Seed color distribution of germplasm 

bank accessions of P. vulgaris. 

Intemrnational Board for Plant Genetic Rasources 

(IBPGRI,' with special emphasis being placed on 

areas with advanced genetic erosion and with a 

high probabilily of finding land races and wild 

fornis of the cultivar. 

Processing of New Accessions 

Small seed samples of new acressions are 

received and increased at CIAT, in collaboration 

with the Colombian Agricultural Research 

Institute (ICA), which has national responsibility 

for phytosaniry controls. Since seed quality is of 

utmost ;oncerin, the first increase is slow and 

laborious, and some 700 accessions are processed 

in each of the four yearly cycles. The resulting 

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 

Many of the CIAT-organized collection exmditions arr. 
coslponsored l)y IIBP(t1; since 1978, such cosponsored 
collection trips included expeditions to Mexico, the 
lberian !ninsula, Peru, Brazil, and several Mrican 
countries. In 1982. IBt'GR has greatly expanded its capacity 

to contrihute to the collection of several crop species 
in Wiln America-including field beans-with Iho 
appointnent of a regional IiPR(; officer )osted at PAT. 

lnitur.collections "ill concentrate on Mexico and the 
Andean highlands. 

provided to breeders for identification of potential 
progenitors. The remaining seed is stored, and 

part of it is used for morphoagronomic 
characterization. To date, some 15,500 

accessions-llore than 50" of the present 

germplasm collection--have undergone seed 

mulliplicalion. 

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, :,iore 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 data are beiiag 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 A 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 common bean (i.e., other 
species that can exchange genes with the cultivar 
in spite of some genetic barriers). 

The secondary gene pool of P. 'ulgaris has 
already proved highly relevant as a source of 
resistance to stored grain insects (see CIAT Report 
1982). To explore the possibility of having access 
to the tertiary gene pool, CIAT and the University 
of Gembloux (Belgium) are collaborating in a 
project aiming at increasing the variability of the 
common bean through interspecific hybridization 
with other species of the genus, especially 
P. coccineus. 

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 total 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 CJAT Bean Network. 

The Central American Bean Project serves as a liaison between national programs 
and CIA T in the development and release of improved varieties for commercial 
production (left). These cultivars, carrying apackage 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 
Gembloux, Belgium (right). 

j" 
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Identification and Development
 
of Desirable Characteristics
 

A large portion of the differential between 
potential and actual yields is due to the numerous 

biotic 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 Latin American bean 

farmer-a small farmer-can ill afford the high 

external input costs required by this approach. 

A more realistic approach, and onc emphasized 
by the Bean Program, is to counter these factors 
by modifying 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 thet 
producer; and it is applicable to the low resource 
farmer. It has not been possible to find levels of 

resistance or tolerance sufficient to genetically 

resolve all principal constraints, however. 
The genetic 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 characterrecombination-the development o1" cultivars 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 beyond the mere consideration 

of economic benefits (yields)to be reaped from 

improved varieties. To be sure, the quest for 

protection against such widespread and 

devastating pests as anthracuose and 

Entries resistant or 
intermediately resistant 
100 

1982 EP 
80 

40 

Ei979 

20
 

0 
Anthracnose Rust Ascochyta Angular Common 

leafspot leafspoi bacterial 
blight 

Disease 

Figure 2. Comparison between the percentage of 

entries resistant and intermediately resistant to 
various diseases in the 1979 EP (total of 180 
entries) and in the 1982 EP (total of 304 entries). 
In the case of angular leafspot, the technique 
used to identify the disease was properly 
established after 1979; 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. • 

­
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leafiopjlers-which can completely wipe out a 
bean crop-have moved the seareh for genetic 
resislance to these problems to the lop of Ihe 
priority list. A less wiclespread problem-bacterial 
blight-is as imlortant, howev'er, because it is 
virlually impossible 1n control it by any other 
means. Although the seeci-l)orne dtisease bean 
common mosaic virus (BCMV) causes I .ss severy 
yield losses than others, geneti;; resistance to it is 
assigned high priority because it eliminates one of 
Ihe most important I)hytosanita y barriers to free 
international movement of bean seed. 

A still litl!rent criterion for priority assignment 
is rel)resented by the case ofwebblight, a 
devastating lisease in the lower humid tropics 
that eflectively limits large-scale l)ean prodluction 
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 not been studied elsewhere, 
which would provide data upon which CIAT 
could build, traditionally caused CIAT to relegate 
wehblight to a lower priority class. Recently, 
however, after encouraging progress has been 
registered with high priority disease resistances, 
the Bean Program has been able to pay increascd 
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 often be placed on 
simple, inherited disease resistance that results in 
quick solutions 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 dlependence on high 
levels of resistance. In addition, imrl)oved pest
resistances are not the oi.ly characters that vie for 
attention: equally important factors are related to 
the use of available nutrients, drought tolerance, 
nitrogen fixation capacity, and architectural 
characteristics. 

Continued progress in character improvement 
is shown in Figure 2, which compares the first EP, 
conducted in 1979, with the 1982 EP in terms of 
percentages of the respective entries that were 
either resistant or intermediately resistant to 
angular leafspot, anthracnose, Ascochvla 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 ofa 
considerable pool of lines-represanting a variety 
of commercial bean types resistapt to any one 
priority disease-the Bean Program has reached 
the stage where many of the basic building blocks 
for the development of commercial lines 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 large 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 

Isariopsisgriseola,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 h se 
49-242-materials-most prominently, Cornet 


have been used as sources for resistLrwc breedin,. 


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) a'e susceptible to several Mexican 


isolates of the pathogen Colletotrichum 

lindemuthianumunder both field and greenhouse 


conditions. 

To identify new and broadly applicable sources 

of resistance, since 1978, 15,500 bean lines have 

already been evaluated. Several of these, including 

lines G 2338, G3991, G4032, G5653, G 6975, 

G7199, G8519, and G 1106, are also resistant to 

angular leafspot. After a series of trials, these 

newly identified sources have maintained their 

resistance under field conditions in several 

locations throughout Latin America: under 
greenhouse conditions, they have held their own 

against isolates from different paris 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 

leveloped combine up to tour 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-Lanogr-mtde (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, sLawed only 

very mild or no anthracnose susceptibility under 

greenhouse conditions, suggesting some form of 

adult resistance. Work on this aspect is 

continuing. 

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 between 

BCMV It gene) 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 ?3CMV 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 1975 

with the evaluation of germplasm accessions in 

Central America and Brazil. Hybrid lines with 

black opaque seed and high levels of BGMV 
tolerance were selected in a collaborative 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, 

ICTA-Jutiapan, etc.), which, in several countries, 



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

Progress in small-seeded red varieties for 
El Salvador and medium-sized red-mottled, 
determinite varieties for the Dominican Republic 
has been slower. Neveitheless, 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 lArgentina 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 Guatemala, was registered 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 ofmany 
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
 

collected 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 

ore is everely r c 
more), is severely reduced. 

national cultivars (Redland Pioneer, Redland 
Greenleaf B, Redland Greenleaf 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 crossing 
blocks as sources of rust resistance with the 
objective of obtaining more durable (stable) 
resistance !o one of the most vaiable bean 
pathogens known. 

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



-igure 4. No resistance to storage insects 
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. 
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nurseries. Type I bean materials were generally 

found to Ie more susceptible to drought than 

Types I!,111, and IV. Even so,CIAT line A 195 (Type 

1,determinate) yielded 1060 kg/ha, close to the 

1253 kg/ha obtained with the drought-tolerant 
check G5059. Highest yields were obtained with 

Type IV (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 !l, the only red-seeded 

line, which in another trial yielded 2265 kg/ha. 

With these developments, this character­

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 associaied 
with durable re3istance. Some breeding strategies 

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 improvement of 

aim to obtain durable resistance. For example, snap beans. By the end of 1982, 400 germplasm 

pyramiding different resistance genes or 
resistance sources into lines with commercial 

accessions had been evaluated and a crossing 
program initiated. Blue Lake, the leading 

grain types is sought. commercial snap bean varieiy,was outyielded by 

Storage insects. Good levels of resistance to 
the storage pests Acanthoscelides obtectus and 
Zabrotes subfascialus,as reported in 1982, have 

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 

been confirmed. evaluation data seem to indicate that rapid 

Podwalls of bean accessions resistant to headway can be made in the further improvement 

Acanthoscelides were nonpreferred for of snap beans. 
penetration by both adults and larvae of the pest 

(Figure 4). In one trial, the number of eggs laid in 

pods of the susceptible variety Calima was 136.4, 
while only 36.8 eggs were laid in pods of the 
resistant line G12949. Currently, progenies are 
being evaluated that have resulted from crosses 
between small-seeded resistant accessions and 

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 to fix N, 

commercial, large-seeded varieties that are 
susceptible to Acanthoscelides. Similar results 
have been obtained with Zabrotes. 

were coded; included are lines with different 
colors (other than black or cream) and lines with 

improved anthracnose resistance. 

Drought. in 1982, weather conditions 

permitted nearly ideal drought-evaluation 
Plant architecture. Some gross morphological 

differences occur among bush bean varieties. 



Today, awide 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 (mono 
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 
erectness; A 207 with small pods; and A 209 with 
lanceolate leaf. In preliminary yield trials, none of 
these lines yielded better than the highest yielding 
check cultivars, ICA Pijao and Carioca, which 
indikated that the selection of any one of these 
characters alone should be disceuraged while 
breeding for high yield. Nonetheless, in Nebraska 
line A 55 seemed to show a high level Gf 
avoidance/tolerance to white mold (Sclemtinia 
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 II and IlI 
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 hush bean 
cultivars. The high negative correlation of pods 
and nodes/m 2 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-yielding small­
seeded cultivars. This further emphasizes the 
need for more intensive study of large-seeded 
bean varieties and identification 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-yielding 
cultivars. Some F, and F, progenies ofgrowth 
habit Types I and I1with 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 vulgarishad small seeds (about 15 g/100 
seeds). Some F4 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 
agronom.e characteristics and overall usefulness. 

Recombination into
 
Desirable Commercial Cultivars
 

for Specific Locations
 
Until the mid-1930s, genetic improvement of beans preferences of farmers. Systematic collection, 
in the tropics, including the tropical Americas, evaluation, and selection ofgermplasm by 
was limited to the natural selection pressures and national agricultural programs was initiated only 



Table 3. Production regions, bean types, cropping systems, production problems, and year breeding was initiated at CIAT. 

Production region 

Central America 
Lowlands 

Highlands 

Andean highlands (Panama 
Belize, Caribbean) & 
East Africa 

Argentina, North Africa, 
& Middle East 

Brazil 

Chile, Ecuador, 
coastal Per, & Mexico 

Mexican highlands 

Bean type 

Size & color 

Small red & blacksb 

Small blacks 

Medium & large 
red, pink, purple, 
cream solids, & 
mottleds 

Large white 

Small cream, brown, 
pink, & beige 

Medium white, cream, 
yellow, & small white 

Medium cream, pink, 
solids, striped, 
& spotted 

Growth habit 

Bush & 
semi-climbing 

Climbing 

Bush & 
climbing 

Bush 

Bush & 
semi-climbing 

Bush 

Semi-climbing 
& climbing 

Cropping system 

Intercropping 

Intercropping 

Monoculture & 
intercropping 

Monoculture 

Monoculture & 
intercropping 

Monoculture & 
intercropping 

Monoculture & 
intercropping 

Year 
breeding 

Production problemsa initiated 

BCMV, BGMV, rust, CBB, 1974 
webblight, etc. 

Anthracnose, ALS, 1978 
Ascochyta, rust 

BCMV, rust, CBB, ALS 1978 
anthracnose, drought, 
low P, Ascochyta, bean 
scab, bean fly 

BCMV, BYMV, BCIMV, rust, 1980 
CBB, anthracnose, ALS, 
drought, low P, bean fly 

BCMV, BGMV, rust, CBB, 1974 
ALS, anthracnose, 
Empoasca, drought, 
low P, root rots 

BCMV, BGMV, rust, 1979 
drought, root rots 

Drought, anthracnose, 1979 
ALS, rust, Apion, 
Epilachna, CBB 

a. 	ALS = angulat leafspot; CBB = common bacterial blight; BCMV = bean common mosaic virus; BCIMV = bean chlorotic mottle virus; BGMV = bean golden mosaic 
virus; BYMV = bean yellow mosaic-virus. 

b. 	 Also grown in Argentina, Brazil, Chile, Cub3, coastal Mkxico, and Venezuela. 



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 
vaieties--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 gen-r~al, 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 diflerent 
cropping 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 Ilean Program to consider each major 
type ofbean as an essentially different crop. This 
greatly complicates 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 Ahfica, 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 AfMica 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 stridently adhered to-not 
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only in that bean-growing region but throughout 

ltlin America and Afuica-that such a varietal 

change has not been possible so far, and is 
unlikely to succeed. 

'The highest recorded experimental yield of 
indeterninate bush beans is about 5 t/ha of line A 

83 ('Type I)il Chile (a result obtained in the 1981 

IBVAN1; for climbing )eans, the record is 5.A t/ha 

(Tl'ype IV) with artificial support at CINlA'-Iliira. In 

the Cornier case, the record yield obtained was 

probably (Ile toia combinaIo of agenetically 
improvel variety, long optimlum growing 
coniditions, cool nights, and tihe relative absence of 

disease and insect psts. In the case of climbing 
)eans, good agronomic managenitl, high inputs., 
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Figure5. Grain yields may be doubled by 

choosing Type IV beans over Type I beans. 
Yield losses also result by selecting large-seeded 
beans over small-seeded. 

and long growing cycle played important roles in 

realizing the inherent genetic potential of the 
climbing cultivar. Tlese yields contrast with 
average commercial yields ofaboti 500-600 kg/ha 
anti occasional site-specilic %ields 1) to arotnd 
200(0 kg 'ha. 

As shown in l'able 3, varietal improvement of 

different majior hean types wis initiated at CIAT in 

various years. Prim arv emplhais has been on the 

stabilization and recovery of actual vield potential 

of conmmonly grown cultivars, rather than on 

maximum yield potential per se. A brief account of 

progress achieved to date in varietal imlprovement 
for different hean-production regions follows. 

Central America. The lowlands and the 

highlands of Central America are two distinct 
production ngions, each characterized by its own 

set of Iroblenis. Varietal improvenent of the 
Central American lowlands was among the first to 
be undertaken at CIA' anti has rec :ived high 
attention ever since. Farmers commonly hae ver , 

small holdings and plant their red or black bea is 
in intercrolpcl systius. Farmer-grown varieties 

are most susceptible to BCMV and are either 
upright, semi-climbing, or climbing. Traditionally 

tihe highest and most stable yielding beans were 
black-seeded varieties, such ats Ponillo 

Sint6tico, ICA Pijao, Jamapa, Rico 23, Iguacu, and 

Rio Tibagi. 
Breeding at CIAT for bush and climbing beans 

for these areas was initiated in 1975. A large 
number of experimental lines of bush beans with 

potential for these areas has now been developed 
and new varieties were named and released for 
commercial cultivation: Revoluci6n 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. Further improvements in seed 

color and other factors were made, and thesi 

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 
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Figure 6. CIA T and national p.-ograms have bred a large number of varieties of 
each of the different bean types adapted to the lowlands of Central America. 
These varieties maintain the high yield levels of the best international checks and 
are resistant to a majority of the pests and diseases attacking bean production 
(1982 EP data). 

beans demonstrated their SUperiority over lhe various combinations, to common bacterial blight,
local cultivars. This was followed bly varietal rust, anthracnose, angular leafspot, and other 
releases in praclicall all countries of the region priority diseases, and are significantly higher
where these two grain types are p)relbtrred. The yielding IFigure 6).
)rincipal advantage of the new red-seeded While in past years, red-seeded lines were 

varieties was their resistance to BCMV. New black- somewhat deficient in grain color, newly available 
seeded varieties were siable yielding and lines are free from any such deficiencies. Newly
possessed either earliness (BAT 3041 or tolerance developed experimental lines of nonblack colors 
to BGMV (ICTA Quetzal, ICTA Jutiapan, and ICTA are equal or even better in yielding ability than the 
Tamazulapal. Some black-seeded varieties bred for traditional standard-seltina black varieties. 
this area were also released in Argentina, Brazil,
 
and Mexico. It is interesling to note Ihat none of Andean highlands, Panama, Belize,

these releasecl lines had been among the highest 
 Caribbean, and East Africa. There an 
yielding lines under Colombian conditions at two principal bean types grown in these areas;
CIAT experimental sites, which indicates the great under relatively wari conditions, determinate 
value of; and need for, evaluation in the region for bush beans with mediutmn-to-large seed of solid 
local adaptation. Recently developed experimental and mottled red, pink, purpl, and cream colors 
lines of both colors now also carry resistance, in are grown; in the cooler areas, climbing b(;ans 
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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 yields and increasing resistance to 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 BGMV. 

ICA in Colombia has developed very successful 

varieties of bush beans for these areas (e.g., 
Andino, Calima, Nima), which have now been 

grown for over 15 years. Experimental lines of 

climbing beans from ICA-Tibaitata 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 to 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, beanfly, 

necrosis-inducing strains of BCMV, among others) 
to the improvement list of this group of 
germplasm. Nevertheless, germplasm developed in 

Latin America has chown impressive performance 



Small farmers in the tropics will reap the 
benefits of technology developed by the 

Bean Program in conjunction with national 
research organizations. 
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in Africa. The variety Diacol Calima, for instance,
 
was developed by ICA, Colomoia, and is now
 
being grown commercially in Burundi.
 

Argentina, North Africa, and Middle East. 
L rge, 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 Luffers 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 phiosphorus. 
 resistant to BCN4V of most grain types-except


At CIAT, breeding of large white beans was pink and purple-have been available for many

initiated in 1980. BCMV-resistant lines with 
 years and occupy over 50%of the total hectarage
medium to large seeds were rapidly developed, in the country. Today, frequent droughts in the
 
several of which will be tested in Argentina in northeast and the continuously increasing

1983. Some of these are superior to Alubia in incidence of BGMV and angular leafspot in the
 
agronomic performance and carry resistane to south-central part of the country are among the 
anthracnose, BCMV, and DCIMV (Figure 7). Also in most important bean problems.
1983, several hundred i, and F, families from the While improvement of pink- (Rosinha) and 
second cycle ofcrosses will be evaluated in both purple- (Roxo) seeded varieties was initiated only
Argentina and Colombia. recently, high-yielding Mulatinho (cream)and
 

A crossing program for Middle Eastern and 
 Carioca (cream-mottled) lines resistant to 
North African problems is not scheduled to begin anthracnose, BCMV, rust, and drought have been 
until the end of 1983 or early in 1984, following a available in Brazil for testing (Figure 8). The 
seminar in May 1983 on the potentials and outposting of a member of the CIAT Bean Program 
current producti ., '.imitingfactors ofbeans in at Zhe National Research Center for Rice and 
that region. Beans (CNPAF) in Goiinia facilitates the evaluation 

of a backlog of experimental lines developed thus 
Brazil. Brazil, the world's largest producer and far. The new iines may need improvement for 

consL mer of dry beans, is among those countries BGMV resistance. 
that have received highest attention from the CIAT 
Eean Program. Among other colors, small-seeded Chile, and coaFal Ecuador, Peru, and 
black, cream, beige, and pink bush bean varieties Mexico. 13ush bee.n varieties of medium-to-large
of indeterminate growth habits (Types II and Ill) seeds of white, yellow, and beige colors 
predominate in Brazilian bean production. These predominate in this region. Small-seeded black 
are the types that possess highest yield potential and white varieties are also important. Chile also 
among all bean types suitable for monoculture. grows some cream-mottled and pinto types for 

Brazil has had a long history of bean local consumption. While there is some varietal 
improvement. As a result, high-yieldihg varieties and climatic similarity, production problems vary 
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Figure 8. Small tonblack and medium cream and pink bean types bred for 

growing conditions found in Brazil and the Mexican highlands were compared to 

international checks i,: the 1982 EP. 

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 medi:..,n-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 erratic rainfall. Also, soils are relatively 

marginal, asnd 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 

rream, beigb, and pink colors, either solid colored 

or with spots, stripes, or speckles. 

The National Institute for Agricultural Research 

in Mexico (INIA) initiated improvement ofclimbing 

beans in 1978. At CIAT, improvement of bush bean 

varieties for the Mexican highland3 started in 1979 

and that for climbing beans in 1982. While n9w 

varieties have already been developed by INLk and 

have been released, most of the ama planted is 
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Figure 9.In its search for resistance to the ma, or pests and diseases attacking
beans, CIA Tand 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 Paific Coast areas. 

still in indigenous varietir3, alt of which are. highly (seeFigure 8), their evaluation in Mexico began 
susceptible to the prevalent diseases and insect only in 1981. Encouraging is the fact that through 
pests. intensive breeding efforts, which have included 

,esistance to BCMV has been incorporated into crosses with donor parents of black, crean, beige, 
the bush bean experimental lines of all Mexican and other grain color types, a high frequen(y of 
grain colors. While several of these also carry the preletrred Flor de Mayo and Rosita lpink) grain 
resistance to anlhracnose and are among the types was achieved. 
highest yielding of all lines tested in the 1982 EP 

International Network Activities 
Underlying all international cooperation activities at the national level, and to become full-fledged 
of CIAT is the goal to strengthen the research members in the international network to which 
capability of national programs to enaite them to they contribute materials and information for use 
increasingly carly (it many aspects of technoloKy in all ;,xegions. 
development (which today are handled by CIATI Efftctive 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 Ibund that national program3 and CIAT 
needed to collaborate along three fronts in 
support of increasing bean 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 irection of the germplasm flow 

intself has started to change. Through 1980, the 

principal germplasm flow was firom 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 
to other countries, thus initiating horizontal 

transfer of bean technology. 

Development of Relevant 
Bean Production Technology 

To meet the needs and help fulfill 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-Latin America and the Caribbean, Eastern 
Africa antd, 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 .gion, at which botla 

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 involvement in West 

Asia/North Africa is planned for Aleppo, Syria, 
on 21-23 May, 1983. 

To ensure national input into research, each 
member of the senior staff of the Bean Program is 

assigned one or more countries as a link between 

CIAT and that country for coordination of 

collaborative activities and continuity in working 

relationships. In addition, in 1978, all staff was 

posted at CIAT: at the end of 1983, however, the 

Bean Program had senior staff personnel 
outposted in Brazil (1), Central America (3), and 

Peru (1)and was eyploring 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 activities. 
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Through on-farm trials,researchers evaluate the economic feasibility of the 

Manpower Development and 
Institution 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 shifted 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 

technology developed. 

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 nurser, Today, the 
Program also has, among others, the IBRN 
(International Bean Bust Nursery), VIM 
(International Webblight Nursery), MBAN 
(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. 

Country Promising lines 
24 

Argentina EMP 84 
A 493 

Bolivia 

Brazil 

Burundi 
Chile 
Colombia BAT 1297 

BAT 1296 
Costa Rica Huetar (Mex 80 x BAT 202) 

Chorotega (Mex 80 x BAT 724) 
Corobci (Mex 80 x ICA Pijao) 

Cuba Hatuey 1 (Line 23/24) 
Hatuey 2 (BAT 202) 
Tomeguin 1 (DOR 15 or EMP 84) 

Ecuador INIAP Imbayas (E 1056) 
INIAP Saraguro (E 1486) 
INIAP Puellaro (L 24) 
INIAP Pimanpiro (E 101) 

El Salvador Tazumal (BAT 58) 
Guatemala 

Honduras Copan (Mex 80 x BAT 724) 
llama (BAT 1217) 
Yojoa (BAT 1192) 

Mexico 
Nicaragua 

Panama ICA Palmar 
Peru Gloriabamba (G 2829) 
Republic of 

South Africa 
Trinidad & Tobago BAT 21 

BAT 22 
BAT 23 
Brazil 2 (Bico de Ouro) 

Varieties or lines in 
seed multiplication 

DOR 41 

BAT 76
 
BAT 448
 
ICA Pijao
 
BAT 76
 
Carioca Sel-1 (Carioca)
 
Milionario 1732 (BAT 64)
 
Rico 1735 (BAT 65)
 
Diacol Calima
 
78-03-74 

ICA-Llanogrande (E 1056;
 

Brunca (BAT 304) 


INIAP Bayito (Brazil 2)
 

Negro Huasteco 81 (D 145)
 

Established commercial 
varieties 

ICTA Quetzal 

Redkloud 

Talamanca (ICA COL 10103) 
ICA Pijao 
Porrillo Sintdtico 
ICA Pijao 

Suchitan (ICA Pijao) 
ICTA Quetzal 
ICTA Tamazulapa 
ICTA Jutiapan 
Acacias 4 

Revoluci6n 79 (BAT 41) 

Cordoba (BAT 317) 



Working together, scientists and 
professionals trained at CIAT are creating a 

network for bean research and technology transfer. 

25 
of the Ministy 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 
Goinia, Brazil; and development of resistance to 
BCIMV, conducted in cooperation with EEAOC 
(Agroindustrial Experimental Station Obispo 
Colombres) and INTA (National Institute of 
Agricultural Technology) 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 shown in this table are either commercial varieties 
quarterly Bean Newsletter, which reaches 850 that found their international distribution through 
bean researchers worldwide. The Abstracts the CIAT-coordinated international evaluation 
Journal in beans has a subscription base of 550. schemes, selections from the CIAT germplasm 

By 1982, the Bean Program's persistent efforts in bank, and lines developed by CIAT or lines 
technology development and international developed by collaborating national programs 
collaboration had already provided a series of based or. CIAT-provided parental or segregating 
tangible results. More than 420 CIAT-trained bean materials. 
professionals were staffing national bean Estimates indicate that at the end of 1982, such 
programs; a full-fledged international bean improved varieties were already pla.ted on at 
network in which some 47 national institutions least 200,000 hectares in Latin America and the 
and 382 individuals in Latin America and the Caribbean and Africa, where, through improved 
Caribbean actively participated was growing; and yield stability and higher yield, they already make 
the momentum in support of bean improvement a significant contribu'ion to increased bean 
for increased bean production was in place. production. Granted, on a relative scale this 
Already, 9 African bean scientists have been acreage devoted to improved bean varieties is still 
trained. modest, and, due to year-to-year fluctuations in 

Most important, the majority of collaborating bean production, no definitive changes in bean 
national institutions already had available production trends can be demonstrated on the 
improved bean germplasm to pass on to bean basis of these developments. Nevertheless, as 
producers. Table 4 presents a summary of Table 4 shows, many materials are still waiting in 
improved germplasm as it was available to the wings: the dissemination of improved 
collaborating countries at the end of 1982, materials has begun and will surely be followed by 
subdivided into the categories of "promising the release of many more materials, which will 
lines," "lines in seed multiplication," and 
"established commercial varieties." Materials 

put an indelible mark on b:,an ,-- "1duction in the 
tropics. 
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8 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 soils. 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 calories per day for 
more than 700 million people in developing 
countries. 

Oiw important potential growth market for 
cassava is in the area of cassava flour as a 
suhstitute for )art of the wheat flour in products 
such as bread, pastas, and biscuits. Thus, cassava 
could partially replace expensive wheat imports.
Although c:assava is relativlh/low in protein, ij can
Altouth tossava isu ti prvoin proeiii 
contribute to augmenting protein availability 
when used as the energy component in animal 
leecl. Because of the availability of large areas of 
unusedl marginal lands which cannot support 
other crops hut could produce cassava, the use of 
cassava as an animal feed could vastly reduce the 

competition between feed grains for Ihe 

concentrate industry on Ihe one hand, and the 
a fcassavahuman s e ofor 


sources.
 

The problems facing the cassava crop differ 
depending on the desired end use. In the market 
for fresh cassava, the major problem is crop 
perishability, which is the prime reason why, in 
man3 areas, the producer only receives a very 
small 1,ercentage of the final price paid by the 
urban. onsumer. in the use of cassava as a dried 

product-either for human food or animal feed­
the principal problem is low productivity. Present 
average yi, Ids 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 to improved manage­
ment practices, and damage caused by diseases 
and insects. A further problem in the production 
of dried cassava products is the la-k 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: 
o Develop germplasm and cultural practices 

based on low input levels and responsive 
to iml)ioved management to increase 
cassava productivity in areas where cassava
is presently grown:
 
ieel grn;
 
D mvelopgermplasm and cultural practices based
 
on medium-input levels to increase cassava
 
production in the acid, infertile soils of the 

lowland tropics; 
e Develop systems to reduce perishability of 

and allow more efficient use of cassavadirect and indirect human consumption. 

In pursuing these objectives, the Program is 
guided by the consideration that improved 
production technology must be low-cost 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 well under similar conditions. For the most
 
improved management, including agronomic important zones, the Program also develops
 
practices, biological control of insect pests, improved management practices that are tested
phytosanitary control of diseases, and efficient together with the advanced lines in a regional

techniques for fertilizer use. 
 trials network. Based on these trials, technology


Cassava is grown in six major edaphoclimatic packages are recommended for validation in on­
zones. Germplasm accessions are tested in the farm trials.
 
different zones, and elite materials are used in the 
 It is expected that 401,', of the total world cassava
 
crossing program that directs specific populations production will be in Asia in the coming years. In
 
to each of them. For countries with well-
 order to satisfy the specific requirements of 
established breeding programs, the Cassava germplasm for Asia and to develop agronomic

Program provides sexual seed from crosses known 
 practices that are appropriate to the varied
 
to lie suitable for their conditions. For countries 
 cropping systems prevalent on this continent­
that do not have the capacity to recive segregating and also to assist in the strengthening ofAsian
 
populations, CIAT provides, through meristem national cassava programs-CIAT is in the process

tissue culture, selected lines that have performed of establishing a regional program in Asia.
 

Summary of Achievements 
The CIAT Cassava Program gei'iiplasn bank in stable iivlds of good-quality roots when producel
1982 consisted of over 3000 accessions from under simple, improved management systems.
lifferent regions of the Americas and Asia, and a I 4urthermire, these new hybrids have maintained 
numbe oflSperior lines were selected as iparents their yield adv'antage over local clones even under 

for crossing. Thousands of hybrids have now been ven low fertilit' conliiolns andlpoo'
evaluated in the principal ecosystems for cassava manlagement. 
)roduction in the tropics including the hot lesults from both on-filrl trials and regionallowland areas with a pronounced dry season; the trials suggest thai the yields of local clones can he 

acid, infeir-tile savannas; and the cooler highhland doulbled if tracditional management pracices are 
areas. Seeral t these hybrids have shown high,( changecd for simple, imlproved practices fe.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, lowland tropic., (ECZ 3, right). 

sel'ction and treatelent, timelv weed control, and 	 stability. For the acid soil savannas, national 
programs are also receiving clones with the re­planting oil ridges in areas of high rainll). When 
quired very high levels of disease and pest resis­these practices are coml)ined with improvel 


clones, a furthe: large production boost is lance, which nevertheless yield moderately high.
 

In collaboration with national agencies inachieved. Rec'ent diata from on-farm trials in the 
Colombia, CIAT has developed prototypes ofPiedmont region of Colombia have shown that 

yields of more than 30 t/ha can be obtained when small-scale drying industries that provide markets 
for increased cassava production, thus permittingthis new lechnology is combined with selecled 
the small farmers on these marginal soils tohbvlrids. (In a survey fiom ithe early 1970s,yields 

were less than 8 t/ha in this region.) These data capture the increased production potential of 

point to the reality that new. high-yielding 	 improved cassava technology. Colombia and
 
Mexico are now in the process of setting up a
lechnology is fully accessible to Ihe cassava 

series of cassava production/drying industries
farmer. 

based on this model. In this context, Mexico has
Cuba has extensively applied the CIAT-


developed package and has greatly increased officially released two CIA-selected clones with
 
the appropriate technological package. Progress
productivity: in a mere 5years, national cassava 


production has doubled. In Colombia, the new along similar lines is being made in other
 

high-yielding technology is seen to be at least countries in the Americas (e.g., Brazil, the
 

partially responsible for a 40% increase of the Dominican Republic, Ilaili, and Panama).
 
The Cassava Program has recently increased itsaverage national yield over tihe last 6 years. 


activities in Asia, placing a regional cooperation
Collaborating national cassava programs are 

now receiving from CIAT clones suitable for areas s,.ientist in the region. Thousands of hybrid seeds 

have been sent to Asia over the past few years, andin the hot lowland tropics with a pronounced dry 


season. These clones possess high yield potential, these are now in advanced stages of selection in
 

molerate disease and pest re,istance, molerate- various national programs.
 

to-high starch content, and -j high degree of yield
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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 performance in the earlier stages of selection. 
principal breeding objective was to develop CIAT-managed international cassava trials are 
cultivars with wide adaptability, i.e., cultivars that nonexistent. Rather, CIAT passes on to 
would be successful across all principal selection collaborating countries germplasm that is 
sites. Accordingly, in the regional trials network, matched to the edaphoclimatic and pest 
most clones were planted in all sites. Emphasis conditions of given cassava production regions for 
later shifted toward selection for yield stability their own trials and evaluations. 
under moderate to high stress conditions, and 
new selection sites were added where low soil Collection/Introduction 
fertility, drought stress, and mite attacks are 
principal constraints to productivity. By the end of As Ihe Cassava Pingram attempts to combine a 
the 1970s, a great deal of information had been wider range of traits into new varieties, the need
 
accumulated on the effects ofvarious factors on for increasing the diversity of the germplasm base
 
varietal adaptation and genotype-by-environment makes itself felt. Many of the desired adaptation,
interactions. Based on this information, the resistance, and quality characteristics exist in only
Cassava Program divided cassava-growing regions low frequencies in landrace varieties. The 
into six edaphoclimatic zones (ECZ) (Table 1). This availability of relevant parental material can save 
subdivision is based principally on differences in the breeder many years of time required for 
mean temperature, rainfall distribution, recombining traits, and selecting the desired 
photoperiod, and soil characteristics. These genotypes. In view of this, collection of existing
physical factors largely determine the pest and clones continues to be a high priority of the 
disease complexes which are potentially or Program.
actually important (Table 2). The six zones were The International Board for Plant Genetic 
selected by carefully balancing the number of Resources (IBPGR) has made cassava a priority 
separate breeding projects that could be managed crop for further collection and conservation. 
by CIAT with the number of resistance and Under a collaborative IBPGR/CIAT arrangement,
adaptation factors that could realistically be germplasm collections were made in 1982 in 
combined in a single genotype. Mexico and Peru, and a series ofadditional 

With the definition ofedaphoclimatic zones, the collection tours are planned for the near future. At 
gerraplasm improvement process is now highly the same time, the Program continued its efforts 
decentralized. Because each zone requires the to introduce national program germplasm into the 
attainment of different breeding objectives, the CIAT collection by meristem culture. With the 
emphasis on breeding for broad adaptability introduction of some 350 new accessions from 
across zones has now given way to breeding for Brazil in recent years, the CIAT collection now 
adaptability across the existing variability within stands at over 3000 clones. These accessions have 
zones. Concurrently, the regional trials network been maintained at CIAT-Palmira in the field, but 
has moved toward the selective placement of they are now gradually being transferred into in 
clones in particular sites, based on their vitro cultures for storage. In thisi process, rooted 



Table 1. Edaphoclimatic zones for cassava production and their main characteristics. 

Edaphoclimatic 
zone (ECZ) no. General description 

1 	 Lowland tropics with long dry season, 
low to moderate annual rainfall, high 
year-round temperature 

2 	 Acid soil savannas with moderate to 
long dry season, low relative humidity 
during dry season 

3 	 Lowland tropics with no pronounced 
dry season, high rainfall, constant high 
relative humidity 

4 	 Medium-altitude (800-1500 m) tropics 
with moderate dry season and 
temperature 

5 	 Cool, tropical highland (1600-2200 m) 
areas with mean temperatures of 
approx. 17-201C 

6 	 Subtropical areas, with cool winters 
and fluctuating daylengths 

Representative areas 

Northeastern Brazil, north coast of 
Colombia, northern Venezuela, 
Thailand, southern India, 
sub-Sahelian Africa 

Llanos of Colombia and Venezuela, 
Cerrados of Brazil, savanna of 
southern Mexico 

Amazon basins of Brazil, Colombia, 
Ecuador, and Perj; rainforests of 
Africa and Asia 

Medium-altitude areas of Andean 
Zone, Bolivia, Brazil, Costa Rica, 
Indonesia, Philippines, Vietnam, 
India, Africa 

Highlands of Andean zone and 
tropical 	Africa 

Southern Brazil, Paraguay, northern 
Argentina, Cuba, northern Mexico, 
southern China, Taiwan 

Sites in Colombia
 
for germplasm evaluation 


and technology testing 


Caribia, Fonseca, Media 

Luna, Nataima, Rionegro 


Carimagua 

Chigorod6, Florencia 

Caicedonia, CIAT-Palmira, 
CIAT-Quilichao 

Popaygn 

None 

Major yield 
constraints 

Drought, mites, thrips, mealy­
bugs, termites, bacteriosis, 
root rots, viruses 

Low soil fertility, drought, 
bacteriosis, superelongation, 
anthracnose, Cercospora leafspot, 
mites, mealybugs, lace bugs 

Low soil fertility 

Thrips, mites, mealybugs, bac­
terioris, mycoplasma, anthrac­
nose, root rots, and viruses 

Low temperature, Phoma leaf­
spot, anthracnose, mites 

Low winter temperature, bacte­
riosis, superelongation, an­
thracnose 



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 stressb 

edaphoclimatic zonea Through Other than 
Environmental factor 1 2 3 4 5 6 breeding by genotypec 

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 L L 2 1 
Temperature N N N L H H 2 0 

Biological environment 
Anthracnose H FI 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 
Gr(ze ,assava mite H H L M L L 3 2 
Hornworm 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 mnite H M L M L L 2 2 
Scale insects M M M M M M 1 3 
Shootfly M L 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 

a. N = none; L= low, M = medium, H = high. 
b. 0 = zero or near zero, 1 low, 2= moderate, 3= high. 
c. For example, by changing environment or by modifying agronomic practices.
d. Stress effects for physical factors resulting from long photoperiod, low relative humidity, high soil 

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

node cutting segments, obtained from meristem- accessions are first evaluated in single row trials, 
grown plantlets, are uled as storage explants. and those that appear promisng in each zone 

continue through a standard stepwise evalalion
Germplasm Evaluation and selection proc(ure. 

The experience to date shows that only a small 
In 1982, some 700 clones underwent evalualion in number of germplasm accessions combine the 
different ECZs, and son.. -15 clones were requisite traits for agiven zone and can be directly
selected as potentially promising (or each zone, as recommended as new cultivars. However, those 
well as others with useful individual trails. that meet basic criteria (such as resistance to 
Evaluation of the accessions in the germplasm diseases and pests, high yield potential, and gord 
bank pertmits the identification of clones that root quality) can be used in crosses to produce 
can be directlyv recommended as new vaieties superior progeny for immediate selection. 
and of' clones that can contribute desired genes Many germplasm accessions have individual 
for the hybridization program. All germplasm desirable tram,'.s but they may be deficient in other 
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aspects. These clones, when used in 
hybridization, have little chance ofdirectly 

producing superior progeny. However, to broaden 

the germplasm base for genetic improvement, the 

Cassava Program uses such accessions to produce 

improved 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 
pror-'ms with the interest and the capacity to 

evaluate and select from segregating populations. 
Since the F, generation is the only seed-
)ropagated generation, it redjresents the only 
itage at which large numbers ot'genotypes can be 

readily moved across international boundaries. 
The distribution of segregating populations allows 

national programs to take full advantage ofgains 
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 ofa "finished' variety is 

necessarily arbitrary, since the genntype is already 

fixed by vegetative propagation at the F1 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 to 40,000', - e 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 (I, II,Ill) zones occurs among the 

source populations. On the other hand, 
physiological studies have uncovered a significant 
effect of phntoperiod and low temperatures 
(below 20 0 C) on yield, which indicates it i 
necessary to have distinct gene pools for both the 

highland (V and subtropical (VI) zones. Witiin the 

warmer, ECZs, the Cassava Program assigns 
particular importance to zone I, which representi 
a major cassava-growing region of the world, and 

zone II, which offers a large number of adverse 
cassava-growing factors and represents an ideal 
testing ground for "finished lines" of promising 
cassava materials (Figure 2). 

In edaphoclimatic zone I, the lowland, long dry­
season zone with evaluation sites in the 
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Major emphasis isplaced on selecting progenies tolerant to endemic dis. ,3e and 

Colomlbian north coast, trials are being cnnldtncted 
without recourse to firtilizer and pesticide 
a)plication or irrigation. Two cycles were 

evaluated in 1982 (Figure 3). The results show that 
the new hybrids combine high dry-matter content 
with greatly improved yielding ability. The 
challenge now is to further improve these clones, 
partic larly in terms of insect and 
nnl . . asistance. 

For edaphoclimatic zone I!,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 
wet 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 evah.tion 
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 

pest problems. 

Dry matter yield 
(l/ha) 

12 
Best local 

CIAT hybrids 

2- 6" 

0.
 
Media Luna Carimdgua Florencia CIAT-Palmira 

ECZ 1 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 
,'Ach site even with stressful conditions. 



Decentralized selection of hybrids 
assures local adaptability. 

36 
Fresh root Root dry yield yields were more modest. This is an important 
yield (t/ha) (shaded) (t/ha) change from previous years when susceptibility to 

60 60 CBB, superelongation disease, and anthracnose 
Phase II always caused lower yields in the earlier planting. 

5The newer clones are more tolerant to these 
0 50 diseases and enter the dry season with more 

foliage and therefore get attacked by insects. 

40 _ 40_ Selected hybrid clones gave good yield and had 
high root dry-matter content in both trials. 

Both high bacteriosis and superelongation­
30 30 disease resistance are now common in many 

hi , -yielding hybrids. Combining these with mite, 
20 mL..'ybug, and lacebug resistance is a chalfoge 

that rnay require new germplasm sources and 
several selection cycles. 

10 10 While some high-yielding hybrid selections in 
both ECZ I and II have the identical source 
population, here also exist such widely adapted 

0bo 
Hybrid Germplasm Local 

0 clones as M Col 1468, M Col 1684, and CM 507-37, 

clones accessions cultivars which constitute outstanding parental materials. 
Decentralized selection, however, may be needed 

Figure 3. Comparison of 1982 average yields of 
to assure a high frequency of clones with local 
adaptability. One potential danger for "final" 

various hybrid clones, germplasm accessions, selection is excessive narrowing of the germplasm 
and local cultivars grown on trials at Caribia 
(ECZ 1). The first harvest (Phase I) came from a base; another is extreme lfcation-specific 
poor soil and an unfavorable rainfall pattern; the adaptation. At CIAT, the first problem is 
second (Phase II) from a good soil spot and a counteracted by continuous integration of new, 

iavorablerainfall pattern, thus representing a promising parental materials into the hybridiza­
highly productive growth cycle. Many hybrid tion program; the second is obviated by frequent 
clones resulted in high fresh and dry root yields. use of widely adapted clones as parental material. 

Plant Protection 
t- Improve Crop Productivity 

Before the 1970s, cassava was commonly to a locally adapted crop. That is, local cultivars 
described as a rustic crop, resistant to most pests are often remarkably tolerant Io the diseases and 
and diseases, and particularly well suited to pests occurring in their native surroundings, 
regions with poor soils and prolonged drought. As when they are grown under traditional 
more systematic information about cassava has management systems. When they are grown in 
become available, however, it has become other sites, or with different management, these 
increasingly clear that this description refers only same cultivars are frequently susceptible to 
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ii~: 
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. 

diseases, pesls,weecls. andf other acverse aicto's onigin ot cassava. As cassava, was e.role(, firstto 
cominant there. Aftica and then to Aia, soie of its pests and 

Both the priesence and se\eritv ofcassava pests (l1,eases were also disseminated. 'lThe nunmber of 
'diseases,insects, arn(1 mites, for example)are pests of eclonomic imnportance is less ini Africa ancf 
influenced by specific climatic and edaphic Asia than in the .,n1Iric'as. While the v'arieties 
characteristics. From 1979 to 1982, it was observed originally e.xportedc from the Americas carried at 
that those diseases which initially (i.e., 1978-1980) least sonle resistance to Itlie diseases anl pests 
caused severe damage in particular sites introlucel with them, and thus allovedltie 
representative of various ecosystems-e.g., farniers to select for clones tolerant I t11 
anthracnose in ECZ I and It, CBB in ECZ h iltrodcuccd plests, most of the resistance to 
concentric ring leafspot and anthracnose in (liseases and pests not presewl in the new 
ECZ V-were moderate in lateryears (1980-1982). environment was lost in the selection iroc'ess. 
This indicated that disease problems reach a African mosaic disease is an exception. This 
certain biological balance with existing clones, endemic disease, transmitted by whiteflies 
which could be due to the gradual elimination of Ilemisia tabacil, has not been reported in the 
sust ptible genotypes with a consequent decrease Americas, but has spread throughout the cassava­
in the inoculum potential of the causal agents. growing area of AfMica. Because resistance genes 
Those diseases detected after the first year of for this disease were not found in clones of 
evaluation and which could have been introduced African or American origin, ITA (International 
to the ecosystem (e.g., frog skin disease and root Institute of Tropical Agriculture) has improved 
rot caused by Diplodia manihotis) were observed resistance by incorporating them fronm Aaa.hot 
to increase in severity, and, in the last cycle of glaziovii, a species of Amencan origin. 
observation, were reaching epidemic proportions. Recently, two introlucedl pests have started to 

The pest and disease complex documented in cause massive losses in Africa. The cassava 
Table 2 applies to the Americas, the center of mealybug and Ihe green spicier mite have spread 



Table 3. Level of resistancea to various production constraints of CIAT lines and hybrids adapted to the 
different edaphoclimatic zones. 

Edapho-
climatic 
zone/ 
clone Bacterioris 

Super-
elongation 

Phoma 
leafspot 

Diseases 

Anthracnose 
Lowland Highland 

Cercospora
leafspot 

Preharvest 
root rot 

38 
ECZ 1 

M Col 22 
M Bra 12 
M Ven 25 

1 
2 
3 

2 
1 
2 

2 
3 
-b 

4 
5 
3 

1 
5 
-

3 
2 
-

4 
4 

-

CM 681-2 2 1 . - -

ECZ 2 
M Per 245 
M Ven 77 
CM 523-7 
CM 1585-13 

5 
5 
5 
5 

3 
5 
4 
5 

-
2 
3 
-

4 
5 
4 
5 

-
4 
3 
-

4 
1 
2 
5 

-
5 
1 

-

ECZ 3 
M Col 1684 
CM 507-37 

3 
4 

3 
4 

1 
-

3 
3 

2 
-

3 
3 

4 
-

ECZ 4 
CM 91-3 4 2 - 3 - 4 -

CM 489-1 1 1 - - -

CM 849-1 3 5 - - - - -

ECZ 5 
M Col 1522 2 2 5 1 4 4 4 
M Col 2059 - - 5 3 5 3 4 

ECZ 6 
M Col 1468 4 3 3 4 3 4 1 
M Cub 74 2 4 - - - - -

a. 1= very low. 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, rear them, verify that they are free of 
probably during the 1960s, on .nfected planting hyperparasites, and then introduce them to Africa. 
material. These pests have th;ived in large areas of It is possible that the biological control agents will 
susceptible cassava varieties, in the absence of only give partial control; nevertheless, their 
natural enen,.es, and under optimal importance is undoubted especially during the 
environmental conditions. In the Americas, with interim period before resistant varieties are 
relatively tolerant cassava varietier and with produced and host plant resistance and biological 
natural enemies, these two pests, although control can be combined. 
widespread, do not normally cause severe damage 
or yield reduction. Host Plant Resistance 

At present, a concerted effort is being made by 
IITA (which, within the Center system, has With a long crop cycle quch as cassava's (6-24 mo), 
regional responsibility, for Lassava in Africa), the it is not possible to base crop protection on 
Commonwealth Institute of Biological Control, continued applications of pesticides. Other 
Trinidad, and the CIAT Cassava Program to methods of control must be developed around 
identify biological c.,ntrol agents in the Americas, host plant resistance. The resistance normally 

http:enen,.es
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Insects and mites 

Mononychellus Oligonychus 
Thrips mite mite Mealybug 

4 2 2 3 

4 1 1 


2 3 2 
 1 

4 - - 2 

1 4 ­ 3 

2 2 2 2 

3 - - 1 
4 ..... 

1 1 4 ­
1 - - 2 


3 2 - 1 

2 2 - 1 

4 ...... 

4 4 4 ­

1 1 3 1 

4 - - 2 

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

Incorporation 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 host plant resistance has 
been identified. These sources are now being used 
for development of resistant hybrids. 

But adequate host plant resistance is sometimes 
difficult 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. 

Soil problems 

Soil Low 
Lace bug Whitefly acidity phosphorus 

3 1 2 3
 
3 4 2 2
 
3 - - 4
 
.... 

3 - 5 4
 
2 ­ 4
 

- - 4 5
 
2 4
 

2 5 4 3
 
- - 2 4
 

- - 3 4

2 - - ­

4 - - ­

2 1 5 3
 
....
 

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 ate abundant: more than 140 have been 
identified, and nearly 40 of these have been 
studied at CIAT. Special emphasis has been given 
to the biological control of the cassava hornworm, 
me:alybugs, and mites. 

The compatibility of breeding for resistance and 
using natural bioiogical control has been 
demonstrated in studies with mites. Mite 
populations on resistant varieties are considerably 
lower than populations on susceptible varieties; 
mite predators thus have a better opportunity to 
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Integrated pest control combines 
biological control and improved 
agronomic practices with host plant resistance. 

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

Recently, considerably more attention has been 
given to biciogical control of mealybugs; two 
species, Phenococcus herrceni and P. manihoti, are 
causing considerable cassava damage, especially 
to crops in the Americas and Africa, respectively. 
There are a large number of natural enemies of 
mealybugs: approximately 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 Ocyptamus 
stenagastuswa5ithe 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 ratural enemy, 
comprising up to 92% of the parasites observed. 
This parasite appeared to be reducing mealybug 
populations in the fields observed. Ocvptamus 
was, once again, the dominant predator observed, 
but, in addition, high populations of the dipteran 
predator Kalodiplosis coccidarum were coliected 
during systematic 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 pests of cassava is 

the cassava hornworm IErinnvisello), which can 
completely defoliate large cassava plantations. A 
single larva can consume 1100 cm z 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 
pest-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 to natural enemies. Current studies 
are centering on dipteran parasites, which appear 
to he 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 1982, a virus disease of the homworm was 
studied. Agranulosis virus was recovered from 
infested hornworm larvae and was tested by 
reinfesting leaves in the 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 protecting plants from weeds and 
improving plant quality. A summary of current 
research in sevem'al such fronts follows. 

Soil fertility. Cassava is remarkably well 
adapted, physiologically, to acid, infertile soils; 

yield reduction at low fertility 'evels is less than in 

most 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 nutrient 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 initiatel in this area. 
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Technology developed can readily be used by small farmers to obtain high yields
and increased income even under extremely poor agricultural coniditions. 

Land preparation. Cassava will not tolerate season. Hence, management to reduce diseases
 
very wet soil conclitions. 11the soil lecomes 
 may augment the insect problems.
waterlogged, cassava growth is reduced and root Mixed cropping. l)iscase and pest epidemics

rot hecomes a severe problei. Sonievarielal are normall 
 ied h' genetic uiilbrmini'and
resistance to root Irot is known to exist; however, al'llrLaced lvw1Igrowing nixtures of cultvars or
problems may lie reduced in clones that are Crop. In traditioal cassava-growing

susceptilc by llanting on ridges. Furthermolre, areas in tlhe Americas, farmers not only mix
when roofrot piroblems are severe, rotation with 
 cassava with olher crops but also grow a mixture
 
cereal crops is an effective control leasuire. 
 ofcassava Cultivars. With ithe development of new,Planting date. Antlhracnose, CflIi, and inproved varieties, it is probable that farmers will

superelongation disease are, all 
 severe proliens in shift to only one or two varieties rather than athe Colombian IHanos. uhen suscepile clonies mixture, unless several improved varieties areall planted early in Ohe wet season, ithe disease available. The probability of severe epidemics of pressure builds ul)ralpidly, and the crop canlhe diseases and pests can also be reduced by incor­completely destr'oyed. If these same clones all porating good levels (if resistance into new clones. 
planted shortly hefore Ihe (ry season, however, As cassava prodiction expands, farmers lend to pressure is reduced, and tihey still lprovide soeic replace mixed cropping w11ith monoculture usingvield. In this miallner, in Ihe absence ofhllghly only one vaiiely. In the "Campo Cerrado" ofresistant materials, diseases can be managed bly lrazil, for instance, cassava production, in thechanging the planting (late. As new, highly Curvelo area expanded \'ei-v rapidly to provide rawresistant lines Iecone available, Ihe larmer will material flr an alcohol prod,Iiclion plant. initialgain morlle xibility in his planling date. This yields were about 201i/ha oin small lihlts. With theiil
xibility, hiowever canii also bring cert ailldalgers. llassive exiansion of iilOnOCUllture cassava, yieldsf consecutive lplanlings are lade in neighboring declined drastically to 3-4i t/ha oil many
plols, lhe laler planlings all likely to sutrer trom l)lanlations due to disease and pest epidemics.ilcreasing sevenity of ipe~st atlack (ueIlt a build-up Only now, nearly a decade later, are yields
of inoculun potenilal. Furthermore, wheireas alpliroaching the initial levels with thediseases tend tI be iore severe in the wel season, introduction of more disease-resistant lines and
insect Pests aillmore ofa problem in the (iy integraled pest management programs. 



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.a 

Yield (t/ha) Yield Number of cuttings 

Fresh root reduction per plant/quality 

Treatmen.t Cutting source weight Starch (%) Good Poor 
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1 From meristem culture 24 a 8 a 0 6 a 3ab 

2 From farms without symptoms 
of mosaic; selected cuttingsb 20 b 6 b 18 4bc 5ab 

3 From farms with mosaic; 
selected cuttingsb 15 c 5 c 39 3 bcd 4 b 

4 From farms regardless of 
mosaic symptoms and without 
selection of cuttings 7 d 2d 70 3bcd 4 a 

a. Values followed by the same letter are not significantly different from Duncan's multiple range test (P= 0.05). 
b. Visually selected for good quality. 

Plant debris. The cassava stems left in the 	 many Immature sterns from which only a limited 
number of quality stakes can be obtained.Withfield after harvesting can germinate and act as foci 

ofinfection or infestation for the succeeding crop. some information available on the effect of 

Boots left in the field can also act as foci of mother-plant nutrition on stake production, 

infection for root rots. Wherever possible, roots fuirther studies are needed to assess the plant 

and stems should be removed from the field or nutrition cany-over effect with stakes into the 

otherwise destroyed. subsequent crop. 

Other trials in the north coast of Colombia have
Planting material. Systematic production of 

shown that cuttings obtained from virus-free 
quality planting material is still the exception 

plants, obtained by meristem culture from plants 
among cassava growers, although the poor quality 

that have undergone thermotherapy, can greatly
of planting stock is a frequent cause of low yields. 

increase yields. It may not be practicable for 
An evaluation of the planting material 

farmers to employ such sophisticated techniques,
production capacity of different cassava genotypes 

but these trials did show that they may visually
showed that the erect-growing, late-branching 

cultivars produce the most good-quality stakes per select farms and plants from which to take 

plant. These types are also frequently those with cuttings so they may reduce virus levels and thus 

the highest root yield potential. When a cassava substantially improve, yields (Table 4). 

crop is primanly managed for stake production, Weed control. Because cassava is slow 

high planting densities of 20,000 to 40,000 to establish, good weed control is essential. 

plants/ha can significantly increase stake This can be achieved by hand weeding, 

production per unit area. mechanical means, or chemical control. Cassava 

Because soil fertility influences topgrowth in 	 is frequently planted at the beginning of the wet 

cassava, it thus affects stake production. In 1982 season when farmers have a shortage of labor;, 

trials, good natural soil fertility or moderate under these circumstances, chemical control 

applied fertilizer levels on poor soils proved to be may be advantageous, and several effective 

sufficient for a well-balanced topgrowth and a products are available in the tropics. Traditional 

high proportion of stem material suitable for stake vigorous varieties, although they have low 

production; high fertilizer levels upset this yield potential, also compete well with weeds; 

balance, however, leading to much foliage and however, higher yielding types may require better 



weed control to 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 to supress weeds. In one trial with 
cassava and beans (Phasi'olusvulgaris), and 

in the absence of any other control measure, 

the total 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. 

Effect of Soil and 
Plant Nutrition on Crop Growth 

Cassava and Long-termSoil Fertility 

To study the effect of continuous cassava 
production oi: soil fertility and yield, a long-term 
fertility trial was established in 1977 at CIAT-
Quilichao. Wvith 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 
yields, which, however, soon converted to very 
low yields due to the depletion of soil potassium. 

While thesoils art te trial site originally were low 
in plhosphorus lbut relalively high in potassium, 
alter 4 year's ofonlinuous cassava produclion it 
was determined that potassium fertilization is 
most crucial for suslained high yields of cassava 
rools. While yields without fertilizers were still 
arotund 20 I/ha, the Ireat1ment with an annual 
application/ha of 100 kg of nilrogen, 87 kg of 
phosphonis, and 125 kg o1"potassium resulted in 
the very high yield of 6i I 'ha in the acid, low­
liertilily soils of CIAT-Quilichao. Although this 
16i'ilizer lev'el implies a cost ofabout USS250/ha, 
the value of the yield increase obtained is around 

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

Site1 Site 2 Site 3 
Short Long Short Long Short Long
fallow fallow fallow fallow fallow fallow 

No fertilizer applied
Local cultivar 9 14 6 16 6 22CIAT-introduced variety 13 17 12 30 7 14 

Intermed.ate use 
of fetalizera
Local cultivar 12 15 7 17 19

12b 23CIAT-introduced variety 22 20 33 18 16 

a. 50-50-50 N-P-K in Site 1,50-100-100 inSite 2,and 50-50-100 inSite 3.Fertilizer level determined by soil fertility needs.b. Root rot substantially reduced yield in these plots. 
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>7:7.,.Poor quality of planting stock is a frequent 
cause of low yields. Simple techniques such 
as using erect-growing cultivars, can 
markedly improve both the quantity and 
quality of planting stakes. 

US$5000 at present fertilizer and cassava prices,
thus pointing to the fact that fertilization of 

cassvahigly cn bconoic.roots 
cassava can be highly economic. 

Cassava- Myco rrh iza 
Association 

The importance of an effective association of 

cassava with mycorrhizal fungi in soils with low 

levels of phosphorus has earlier been amply 
demonstrated. In1982, 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 parts of Colombia. Some of the most 

efficient strains were found to be previously 
undescribed species. The recently named species, 
Glomus manihotis, originally collected in CIAT-

Quilichao, was found to be among the most 
efficient strains in a range of soils. 

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

elimination of the native mycorrhizal population, 

even though plants had later recuperated due to 
re-infection from unsterilized subsoil and borders. 
This indicates the importance of mycorrhiza for 

phosphorus nutrition of cassava and the high 
efficiency of the native population in Quilichao. 
However, similar trials in Carimagiia, 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 

2001,''.. Highest yields were obtained in tl.-i 
sterilized soil with inoculated plants. Comparing 
roso ifrn ln pce ssucso 

of different plant species as sources of 

inoculum, it was found that inoculation with 

infected roots cf cassava produced the best 

responses, increasing yields 64%. 
In a trial on phosphorus sources and levels, 

greatest responses to inoculation 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 non­

inoculated plants with 100 kg/ha, indicating that 

in phosphorus-deficient soils with a low or 

inefficient mycorrhizal population, inoculation 

seems to 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 to 
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. 
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Previous on-farm research results and the more 

detailed surveys ofcassava production suggest 
that farmers use either a fallow or crop rotation 
system to maintain soil fertility levels and yields. 
In 1982, the Cassava Program's on-farm research 
set as its 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 trials 
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 to 
produce a lower yield than the long-term fallow 
plot without fertilizer. Generally, the maximum 
yield in the long-term fallow plots was higher than 
the maximum yield in the short-term 
fallow plots. 

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

man" 

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, a degrading 
fallow results in a large sacrifice in yields. On the 
other hand, the yield patterns also suggest that 
one fertilizer application cannot substitute for 
fallow. Data from long-term fertility trials (see 
above) suggest that only continued year-after-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 fact that chemical soil 
analysis does not give an indication of other 
important factors, such as good soil structure, 
microbial activity, and nutrients tied up in 
decomposing plant material. Soil 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 
fertility management strategy and that such a 
strategy will have a longer time horizon than a 
single crop year. 



46 Improving Cassava Utilization 
Extension of Shelf Life 

Cassava's very high carbohydrate production 
potential per unit of land or labor, and its ability 
to produce well under marginal agricultural 
conditions, make this crop a basic rural staple 
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 both physiological and 
microbial. Previous work at both the Tropical 
Products Institute (which collaborates with CIAT 
in the development of post-harvest technology for 
cassava) and at CIAT showed that the post-harvest 
accumulation 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 physiological deterioration have been observed, 

with roots resistant to such deterioration 
accumulating less scopoletin content than 
susceptible roots. A quick assay for scopoletin has 

been developed and is now being used in 

screening for resistance to deterioration. 

While resistance to physiological deterioration 

can be obtained through appropriate selection of 

undamaged roots, post-harvest curing (high 

relative humidity and tempera:ure conditions 

which promote wound healing, and careful 

harvesting and transportation, medium-term 

storage can only 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 low 

labor requirements if adoption by farmers and 
wholesalers is to be achieved. Previous work had 
demonstrated that boxes filled with sawdust are 
successtl, but a more practical solution that 
would pennit 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 for curing. Without any pre­
treatment, substantial fungal and bacterial growth 
was observed after only 7-10 days of storage, 
whereas no microbial growth was observed in 
roots treated with potassium sorbate, even after 2 
weeks of storage. Subsequent large-scale 
experiments using perforated bags to reduce the 

amount of free water formed inside the closed-bag 
system permitted 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 
water that would encourage microbial activity. 

As Animal Feed 

In 	many cassava-producing countries, the future 

demnd for the fresh market is uncertain, and 

increased processing will be required to 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 

poultry and swine feeding trials to determine 

least-cost diets containing cassava meal as a 

substitute 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 highly 
efficient processing method to reduce 
cyanide content to harmless levels for animal 
feeding. 
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Improved cassava drying systems 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 

Tlhe satist.actor results olbtaine(l with ln'oilers 
feld (livitili 

, 

li 3011".(Illitai ca.lava lleal 

wili ix'eri i Inal high levels ofllv jrodi'(l 
300 p)m)of' cyalnicle suggest that the limit 
il'i h('VYai a(ici,' t 1 thI EAuWOlaiN 

EgconlOlmic (:€on11Itlni[tv I 0(l))1 cll he€;oi 

eev\aluatld. 


'lie conibilinat ioil (If,three lw thin sourev'CP: 

Isovlean, i ish,
and cotllonseed m1eall in 


1ilan(I ciets ((i cassava
ntaining 20'.. 


Neal l)l'O(LI C S I)Uthtn" lI)'oil(Ier liellforma1,1UC 
than that obtained w%'.h l'winr fi1'otein 
s)urces. lPalaability asl CcIs oft lite lrolein 
sourceVs anr- i 1)ortali considnieratiions ill 
obtiht tin lainrig otlInm n11.tni'itiO1 ,valW (I1' 

ciassava ieal. 


* For Ile fecling ofgil'c ing pigs aii]ai lactating 
sows a Id their litters, cassava-based diets 
Ii.e., 30--40".', onisisting ofIf tlie diets 
cassava meal l uiced f'om whole roots of 
'ari ties conlrtainIing high heels Of €:vanie) 

lel to similar o i e'Csults as sorgh li-i7!'it al 

Iased diets. 

marketing of cassava in the Americas. 

With the Jli('e of'cassava meal fixed at 80'1;,of 
th11li ot 5haS Oi,sOrgh LIlll, diets Ol c'assa'a meal 
W'( invii'aal fo to lvtondpi'oluce economic lesults 
similar to or slighil' Ibetter than those obtained 

with sorglum-based diets. By Iusing cassa'a in 
feed rations, Han'colntries could recle('( their 
large impor'ts of feidgails-at mininal cost to 
the ecolliv in that ca sa'a (xpansion will Its( 
uinsXploited, marginal land and(absob') part of tlie 
))o of uneim p1ovec laborers. In C fornolom)ia, 
Cexaml)l , alancel feedl produ ction fr' ni lers 
and pigs aliounts to a l)pnoxi mately 500,000 t)ls 
ler ,eal'. 'he ('assava meal ilin(lusi on of 2(0'. 
halancel feeds for these ani malis woulc (q(lirl a 
total of 100,000 tons of chi(cl cassava clhips,which' 
couldd'eadili I)'(pr(oduced ila rCas suchias IIhe 
Atlantic Coast where CIAT, il collalb€o'ation with 
Colomb ian natio nali inlstit Lli1)5S, has 
€ClIIInsI'ateCl tiroL'gli a se'ies o 1'(h'ot tyvp( 
(Ilerationis, the (C::onoiicfeasiI i ty of' small 
f;i'miiiers collectliviyv lroduciing and l'ocessing 
('assava for the alliiral fel niiarkel. 



48 i . 

r>i 

CIA T has recently increased its research and colldborationin Asia, which
 
produces 40% of the world's cas.sava for a multitude of uses.
 

Internation.il Cooperation Activities 

The rIoucLtlion and utilization tcthnlogy) living 

(l,'velollt'l at CIAT lilust lu traIsel'eI Io the 

nationial ag(ml,'ics \'Iere it is tested, Ilotitiel, aud 
d l..cl)te(l t(1 Sl)(,ciili(' le (,c)(llti(ls hiel'(r~ ~all 

adl)ti(o hvIlI'll'(i,'s.Il tlhe (as,, '' itltiliizatioi 

tcchiiohlgy and agronomic l)'a( .i('e5, th( aIlo)tioIn 

aulI tesling phase (cal I, relati\cl' I'dl)i(lal'ri((I 
oit: llowm'I'e', ill tlh' (se olcdle\(IcIOleiili otI rui'mA 

gcin I lasin thll )c'ess is IlluI'll slow)'er and 

il(uiies d ('0(utioll'dIffl't OX'e' SeM'(Wi'l ,'ea'S. 

In t1982, \ jIi thc (' j)l(, tiIatioIn1l'iational 

agencies and two othelr international (ci(,lti's,
involvedM with n'€)(l cropsl), IITA and CIll a 

('obiildl (ff(rt was llihad to i' \'iew and illir()\e 
fth!pe ol'gilplasill exchange anti] leslirng.l((ss 

li tinrc workshopis h(Id in Asia, Latin ,\Aniri'a, 

dnd A'ri(a -natiolnal l)r'grais lI'e5s1nt(ed dari oil 

plrogrv,,5s Irih,'illg('nrill asil tWslilg andc 

(V ilt'LilltiOll. TIhli latest t l ll1i(ILInS l0 lioiieato 

risks (l irtrodlching posts and (lis(iisvs with 

iilp't'd gerniplasni ll' prel('scItvcwlto 

(lcariuilic( ccllicials fro1 thlic va ious igenc'ies 

aleiiling. andcguidelines wer' laid lowin lI'r the 

sale ictei'cliccige ofl ciicteial il i It'itoi Ill e 
i'isks invocclvedc€ inl geu'iiplasi exc.h Iage wvere 

(ar(el'till, w\'eighed against thv Jiltrlial belt1is of' 

utilii ,tioni of the new high-, 'ielclingl'rielies n1ow 

aa'dlal(. With the hell) 01" tNI)P. cvichfIinicIncv(cl
tllee (workshol)s, the l)rledcings of the 

workshop ill talin Arericilhaveeee puhish e 
to sei're as the lNIsis fuI'tLllle geriln'l lcscII 

exclha'ige, and testing. 

In dildlition, l)ieC(lII's ancl agrolloilisIs I'oIn 

\varillus colltlI'is ill thc Alliv'ridas \\rv'('id inI'itol 1 

C.tAT to r'evie'w their vx]ien)€ wilh g( -rllnlllsii'i('S 

iIll )ro '('eliilI ov'r thc last (, v,'a'. Tl 
l)tIt)IishlIdl proceedifigs of tIs wo'kshop erlca'ly
shIow OWeSl(MV bill ('ontinu )uLS€(IMlol)[1VInA 0of 

Ill!\\' geri'cIplan ill. 

Latin American 
Germplasm Release 

In Cua, clone CNC 41) introdcI('Id from CIA' iin 

tlie cicl- 19(t70s is now grown cm 250 lla,. and 

])riojiio ls suggest that it will (ccl).\' 0',theli(' 

total a'ea in 185. At lie samerv timile, Ihe national 

c'ogIacil, , villi II ip'nt',ssionals trainied al CIA', 
is developed its own lcis, C(IAISA 5-28 and 

http:Internation.il
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The development of new cassava germplasm 
requires a long-term commitment 

by national and international agencies. 

CENISA 74-725, which togetheri are expected to 
occtipy a Ituirther 201,';, of tli total acreage. The 
rapid inrease in area planted with new varieties 
in Cul' i has onlylVen possible I)ecause of the 
existence of rapidipropagation svstems, developed 
at CIAT and nioditied in Cuba. As one Cuban 
technician reported, "..tie help of CIAT has 
generated a iew technology known as the 
Colonibian S'vstlei that has coipletely 
revol Utionized cassava plroliction in the 
Countl." 

The Mexican national cassava program iwas 

initiated in 1977 with the objective of replacing 

inported sorghum and maize in balanced diets. 

Ilowever, as early as 1970 CIAT had collaborated 
with the Institito Nacional de Investigaciones 
Agricolas IINIA), hn the collection of germpllasm 
throughout south and southeast Mexico. One of 
these early collections, M Mex 59, and another 
introdluction from the CIAT collection, M Pan 51, 
have now beein released in Mexico. The latter 
variety has shown partcularly good disease 
resistance. 

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

The first materials introduced to Haiti from 
CIAT were in il '6. CMC 40 introduced in that 
Year has now lInn released as Madames Jaques, 
and several other clones and hyhrids are being 
multiplied foir 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 hatch of only 800 
seeds are now ,beingtestecl oi li lmlrs' fieldls as 
Hluey Pong 4 and IWevy Pong 5. One ot these lines 
is likely to be released in the near fiture. 

Similar results ha'e Ieen obtained in Nlalavsia 
where several hyhdris introduced in the mid­
seventies are nowv in the final stages of testing 
before release. In the. PhiliPppines, although no 
CIAT clones have beei oicially releasect, several 
of these are being grown conmierciallv on a small 
scale. 

AlI the reports on gi riiiplasun iioveliiit in the 
Americas and in Asia point to a steadyi inexcrabhl 
process of germlplasn evaluation leacting 
eventuallv to Lise Iy the larmers. Olen varieties 
are not otlicially release bIt thi.iii'ers get hold 0i 
then and itse them. This is particularly notable in 
Colombia where niany farmeirsl ale using niaterials 
obtained troni the regional tials even though they 
have never leen otlicially released. It is also 
interesting to note that there is a delay of'about 8 
yvears firom introduction of new clones or sexual 
seed before they rach farmers. Hence iarmers are 
now%' beginning to receive materials developed in 
Ole mid- to late seventies and over the next few 
Years will be receing the newer improvedl lines 
developed in the 1980s. 

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

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

To date, since 1970, a total of 410 professionals 
in cassava have completed training at CtAT. 
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Formal contacts a! 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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52 ice is one of the most wiclelv (cultivated

R crops in Latin America, with appiroximately 

8.2 million Iaoftlanl plantel at presefnt (Figure 11. 

WVrrently, total pr;dchI(tion in the area is 

estimated to i)eove. 1Mmillioi t/year, and per 

capita iCVc'onsumilption isestimnated to range 

front !9kg/capita in Mexico to 26 in Venezuela, 

57 in Coomlbia, and 7) in Brazil. 

In the past 15 years, ILatin American rice 

iro(lu lion has increased at anIi annual rate of 

2.8", eiual gOWth, rate. InIto the p)pulation .

general, one-lird of the increase inproluction 

call Ihie atnIi(Ite(d1) 0 llreasestii in vield(I. 

ice' to L.atin AmericaNevertheless, impo'ation of 

ias also increa sech t1oni about :85,000 tons in the 
peniod 1963-1965 to soxce 47t),t)ll todav. 1"o 

help the area become self-stu1 :cient in rice 

iMn)lIiction, theref'ore, expansion into the 

extensive regioln still Inllanted, with favorable 

topogralhy, alecluate tempjeratures throughout 

ih(vear, ani stficielt moisture vearl roLind, nay 

be nieedh'. 
Thus, tIhe primaly'. obljective of the CIAT Rice 

continues tIoihe to incr'ease iroduLctionP'rogram 
and crop yields, anl to improve rice quality, to 

me:et consum(ner delnand for this staple lood.The 

two basic strategies are€( to: 

Deapl im ovit l riced gperiplasm with a high 

ielca p:ac'ia il ierio' qalli ty, resistanlit toy su 
thlil most limiting piroclhction probhlems and well 

acdapied to the soil and enironniental 
cotditions; 

" De:nlinc'.the: igr.mionic'ipractices appropriate 
to :onclit ios in various ,-egions. 

'The Prog-arn closelv z;tillaborates with IRRI 

linlernalional MlicT Researc'h Institlite), whenever 

iossibtle, adaliting its plant materials and 

technologies to specific needs of the region. Ili 

aclcition, CIAT is hosting anlIRtI/CIAT liaison 

scientist who manages th( well-establislhed Latin 

Americian sector of the International Rice Testing 

Network (IRTP). 

For seve'al years, CIAT emphasizcl lowhad 
irr'gated rice in its i'esca;'ch. Beginning in 1981, 

the Rice Iagrarn expanded to incIlude the more 
rice in hatin America.tavored tyIes of ul.n1d 

In the region, upland rice noW, occ'upies a major 

poirtion 172%) of the total lice area, while irrigated 

of ilie area andihalf thei'ice rei'esents about 201 

production. It is ircojected that iroduction of 

favored upland rice will rise, to almost 14 million 

tons bv the vcar.2000t(Figure --Paifnted lowland'!. 


rice, in the Asian definition, covers less than T, of 

the ILatin American rice area. The hulk of upland 

rice is Found in Brazil: also inCmitnral America, 

most 187%1rice production is frorn upland rice. 

Mexico receintl adopted a policy of shifting fom 
irriga ted i'ice toI louct.llanclion in the hunil 

ocCipiesHcull €c'resountheast, and uplan d r'ic.l 

significant areas inBolivia, Colombia, Ecguador, 

and Ven ezuela. 
All this activity and interest in upland rice 

reqluires de.elopmeint of a more appropriate 
totechnologv and improved varieties better suited 


the diverse growing conditions.
 
CIAT's approach is to conlinue its work on
 

three rice-growing ecosysterms-irigated; 
mcderately tavored upland; and favored upland 

areas. In 1982, FEDEAIIIOZ, the Colomlbiarn 

National Rice Federation, contriluted :30 ha of 
land to CIA]', creating a taci. 'y in Colombiia for 

favored upland rice research in Latini Americ'a. 

The general iesearch procedure includes 

bIreeding for stable r(sistance to the various 

diseases and pests; testing of impro'ed lines Ironi 
CIAT, IRRI, and ,ational programs through the 
international rice-testing nurseries (IR'I'P for Latin 

America: and seed mliltiplication and plroduction, 

wl 1:'h is handled directly biy national programs. 

Linkagec of rice researchers throughout tilie 

region is emphasized, ioth through the IRTP and 

mamnpower development. 



53 

Belize Haiti 
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Figure 1. Distribution of the rice crop in Latin America, 1980. 
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Figure2. Projected estimates of rice production 
in the three main production systems in tropical CIAT's intensive effort to develop 
Latin America for the period 1980 to 2000. improved rice varieties for both irrigated 
Predictions are based on past trends in area and upland conditions serves 
expansion, relative profitability, land availability, rice production in Latin America 
and other factors. and the Caribbean. 
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High priority is given to breeding for 
resistance to both the plant hopper and 

the hoja blanca virus. 

Summary of Achievements 
Over the y'ears, the lice l'rograrn has heen most 
successful in adaptiing the new ligh-yielcling rice 
teclnology to the irrigatedI anl taVorel Lpland 

prodicioinl syst ells throighoti i.atin America. 
Mor'e than 50 dwaTva 'areti,s based on lines 
d.tiojirl' lv)(IAT's Rice P rogram ]Iave Ieeln 
releaselhy 1,15 ational lrograms il tlie region, 
and lhese var'llies flow i'e grown oil about 
1.7 million ha (or8 1%)of the irigated lice area. 
In some cases, there has bee p)l a alol)tion of 
neW illiproved varieties at the level of' U) to 
100''. (Table 1 

In general, 'iIcls ill the iriigated sector have 
increased 1.2 tons ha lo an average of 4.0 tons/ha 
in all of alin America. Thiis is a 41"', inc.rease o'el 
average *yieldeslimalted in the alsence o" resear(ch 

plrograls and brings ILatin America third inlice 
prodllctiity after southern Europe anid Ihe Inited 
Stales. Ii cOnlitunit tiOrl ith iml)roved cultural 
practices, the utse of these iiirovel varielies has 

provided the nleails frllnear' all Latin American 
countries to reach self-sufflciency il rice sul)l)Iy. 

Ntich ol the improvemenl work in irrigated rice 
cotntinues to he cdirected at finding more (hurable 
resislance to the rice last disease, the major rice 

Inrctiol problem thro)ugholut theilregion. 
Several lines are in advanced stages oleviluation; 
Illese cominle acceptable levels of resistance to 
blast with nesistall ce(to hoja IlJanca disease and 
tile SO.gJitI(t NI. the vector of the hojalealhol)er 
llanca viriusi and are characterized hV very good 

g'ain quali ty. 
With tile impact on irigated rice clearly 

deliied, CIAT is now%able to move more strongly 
into research on upland rice in Latin America. 
Some work has aheadcy been done in testing 
irrigated varieties for use in uilandl areas. By 1982, 
promising parental material lot use iii the Lpland 

lice breeding eflort had been tested in various 
upland sites, ali advalced generations of 
progelnies resulting from crosses invoking 
plrolising parents are now undergoing extensive 

evaluation. 

Irrigated Rice
 
Production Systems
 

Irrigated rice is found oin the lacific Coast of 
Mexico and in Nicaragua, and inl the Caribbean 
countries, most rice is cultivated under irrigaled 
conditions: in Cuba, the Dominican Republic, and 
Haiti irrigated lice l)ledolinates over uipland, and 
in Guayana and Surinam it coistilutes 81,'. ot Ihe 
total. In tile Andean countries-in Colombia, 
Ecuador, Peri, arid Venezuela-both rice 
production systems are found. Iriigated rice is 
also produced in temierate Argentina, soutllern 
Brazil, Chile, Paraguay, and Uruguay. 

For this a,-ea, CIATs goals all to tind stable 

resistance to the rice blast disease arid locate new 
sources of resistance to sheath blight, leaf scald, 
anti grain discoloration. A high pliorily is being 
given to breedingfor resistance to both the plant 
hopper Soga/odes orvziola and the hoja blanca 
virus. The possibilities for further yield increases 
are being expilored through the use of many 
widely adapted, high-yielding parents in the 
breeding program. A najoraim is to produce new 
varieties that increase average yields and reduce 
the cost per ton of food produced. 



Table 1. Contribution of improved varieties (I.V.) to the production of rice under irrigated conditions in Latin America, 
1980-1981.
 

(1) 

Irrigated 
.rice area 

Country (000 ha) 

Originally planted with ot.,r varieties 
Brazil 
Colombial 
Costa Rica 
Cuba 
Ecuador 

El Salvador 
Haiti 
Mexico 
Nicaragua 
Panama 
Peru 

Dominican Republic 
Surinam 
Uruguay 
Venezuela 

Originally planted with L.V. 
Argentina 
Belize 
Chile 
Guyana 
Honduras 
Jamaica 
Paraguay 

780 
328 


2 
151 

66 
3 

32 
74 
23 

2 
72 
99 
36 
62 

125 

100 
4 

41 
86 
1 
2 

21 

Totalg 	 2110 

(2) (3) 
(2 41x100) 

Area planted with I.V.. 
(000 ha) 

538 
328 


2 
151 

66 
3 

32 
73 
23 

2 
45 
34 
36 
60 

113 

72 
4 

41 
68 
1 
1 

11 

1704 

(%) 

69 
100 

100 
100 
100 

100 
100 
98 

100 
100 

62 
34 

100 

96 
90 

72 
100 
100 

79 
100 

65 
50 


81 

4) (5) 

1982 yield (t/ha) 

Estimatedh 
Actual a without l.V. 

3.8 3.0 
5.0 2.5 
5.0 3.3 
3.0 2.2 
4.1 2.6 
4.2 3.4 
5.4 3.0 
4.2 3.4 
3.4 2.5 
3.5 2.6 
5.0 4.0 
3.0 2.8 
4.2 3.0 
5.0 4.0 
4.0 2.5 

3.0 3.0 
2.5 2.5 
2.3 2.3 
3.0 3.0 
3.0 3.0 
2.8 2.8 
2.1 2.1 

4.0 2.8 

(6) 
(4 t 5 x 2) 
Estimated 

(7) 
(1 x5) 

(8) 
(6- 7 x 100) 

increase 
in production Estimated Estimated 

due to area total increase 
planted production in production 

with l.V.c without I.V. ," due to I.V.' 
(000 t) (000 t) (%) 

430 2340 18 
820 820 100 

3 6 50 
121 332 36 

99 172 57 
2 10 20 

77 96 80 
58 251 23 
21 58 36 

2 5 40 
45 288 16 

7 277 3 
43 108 40 
60 248 24 

170 312 55 

0 300 0 
0 10 0 
0 94 0 
0 252 0 
0 3 0 
0 6 
0 44 0 

1958 5920 33 

a. 	 Information collected through the IRTP network. The basic publications consulted were IRTP's Third Conference Report CIAT/IRRI. 1979. and Fourth Conference Report 
CIAT/IRRI. 1981. 

b. 	 Yield calculated as the average of the period 1968-1970 if impro ,ed varieties had not been planted. 
c. 	 Calculated as the difference between current yield and estimated yield in the absence of improved varieties, multiplied by the area planted with I.V..s. 
d. 	 Calculated as total irrigdted rice area. multiplied by estimated yield in the absence of improved varieties. 
e. 	 Calculated as production due to yield increases in area with improved varieties, divided by estimated total production in absence of improved varieties, multiplied by 100. 
f. 	 Colombia irrigated rice area includes mechanized upland rice. a very favorable upland rice system. 
g. 	 Percentage and yield averages are weighted by area. 
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Although rice isproduced 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 biological 
constraints to irrigated rice production are the 
rice blast disease, caused by l'vriculariaonzae, 
Ihe hoja blanca virus disease, and the plant 
hopper Soatohes orlziooia. Grain discoloration 
caused 1) a complex of pathogens affects the 
market value of the crop and is particularly severe 
in acid, infertile soils. leal scald causel by 
1hyI'nchoo,)rium onriz affects rice both under 

irrigatel and upland culture. In addition to foliar 
damage, I. ovnzae has been identified a one of 
the pathogens causing grain discoloratfon, as well. 
In Cenlral America and some local'ons in 
Colombia, sheath blight caused by rhanatephonts 
cucuneris damages rice. 


CIAT's rice breeding efforts are geared to 

preventing outbreaks of these diseases, 


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

coast of Colombia. 

The RES (Table 2)is based on the comparison of 
plots or plants with a standard entry (Table 3)
rather than quantification of the amount of 
disease in each entr. Conventional disease 
evaluatior Jquires a visual estimation of disease 
severity, indicating both incidence and intensity, 
to 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 key 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 reported in 
several countries, including Colombia, since 1981. 
Resistance to 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 varieties resistant to the vector. Hence, the 
Rice Program is vigorously pursuing a breeding 
objective of combining resistance to both the 
vector and the virus. 

Since 1981, crosses have been made and 64 
advanced breeding lines for medium-maturity 
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luration were derived and tested in yield trials in 

Villavicencio, Colombia. Ulnder' natural infection, 

incidence of hoja hlanca was severe. Of the 64 

lines, 34 15T, were field resistant to the virus. 

These lines, however, WeI sUt't'ltil)Ie in other 

countries where v'itis levels were higher. SoLIrces 

of true resistance, functional in all locations, wen!e 

Table 2.Procedure to define grade of 

disease intensity using the relative 

evaluation system (RES). 


Sp Pblast 

Step 	 Procedure 

Identify the Standard Entry 
1 	 Carefully observe all the entries to identify 

one with a maximum level of infection 
and assign grade 9. This entry is called the 
Standard Entry at the time of evaluation and may 
vary from evaluation to evaluatio-' 

2 	 Describe the plant's growth slagc. 
disease incidence or severity, and presence of 
other diseases, if any, in the Standard 
Entry. 

3 	 Form a mental image of the Standard 
Entry, and indicate this as 
grade 9. 

Evaluate individual entries 
4 	 Evaluate individual entries by comparing 

their relative level of infection with that ol .ie 
adjacent entries. Use the scale from 0 to 
9 (see Table 3). 

5 	 Repeat the procedure, but do not refer 
to the first evaluation. Compare both 
evaluations. 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, 
7 	 Compute the value for each grade using 

either arithmetic average or regression 
analysis between grades and values. 

8 	 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 a 

major constraint throughout Latin America for 

irrigated rice production, and is a major aspect of 

the Rice Program and the IBTP. Breeding tactics 

include pyraimiding of major genes, incorporation 

ofslow-blasting characteristics, and the 

development of composite varieties. 
Continuous effort is being made to broaden the 

genetic basis of resistance to rice blast. Based on 

nursery reactions in repeated trials and panicle 

reaction under field conditions, additional 
resistance sources were identified or confirmed in 

1982, and many cultivars from the Ivory Coast 

were found to be resistant. Their type of 

'esistance remains to be confirmed, although the 
majority are believed to have the slow-blasting 
type ofresistance. In a leaf blast nursery 

Table 3. Scale for relative evaluation 

system (RES). 

Grade, Description 

0 	 Careful observation of all plants reveals 
no infected plants or leaves. 

1 	 Rapid observation does not detect 
infected leaves or plants, but carefuj 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 8can be used when the infection
 
level of the Standard Entry isextremely high.
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A sudden and serious resurgence of the hoja bl'nca 
virus was observed in previously resistant fields in the 

Colombian Llanos, confirming the cyclical nature of the 
disease. To prevent more widespread outbreaks, CIAT is 

working both on biological control through parasitism of 
the Sogatodes vector and on breeding for crop resistance 

to both the insect and the virus. 

evaluation in 1982, 941,.' of tile irnigat(.( breeding 

lines and 96%of the upland accessions were rated
 
as resistant or"moderately resistant to the disease.
 

Pvramided line 5738 was earlier found highly
 
resistant to rice blast, and in 11182 was named
 
Oryzica 1by ICA. In Panama and Guatemala, the
 
same line is under seed multiplication and will
 
shortly be recommended for extensive cultivation.
 

components. Longer latent periods, fewer and 

restricted lesions, and reduced sporulation are 
believed to be the main components ofslow 
blasting, or the rate-reducing (horizontal), type of 
resistance to rice blast disease. Over 1200 F 
progenies originating fiom the horizontal 
resistance breeding project were planted in 
pedigree rows at the Villavicencio station. Almost 
all the parental sources for slow blasting have 
been found to be tall, upland types characterized 
by very poor combining ability. In addition, all the 
tall parental sources were found to he highly 
suscel)tible to hoja blanca. 

In this trial, over tO't',of the rows succumbed to 
hoja blanca. A large number of lines were also 
found to be severely'alli iced by leaf scald and The selected progenies were characterized by 
grain spotting. Of these 1200 lines, 46 progenies good grain types, plant type, and lodging 
were selected to be advanced to yield trials, resistance; they were advanced to yield trials.8. tC 8 hasg

Over 900 selections made from combinations of r oeenwere 

vertical genes and slow-blasting components were Improvement of CICA 8. CICA 8 has gained 

evaluated at CIAT-Palmira, and the promising wide popularity and farmer acceptance because of 

lines advanced to F,progenies. Because many of its wide adaptability and high yields. Its blast 
the parents involved were susceptible to hoja resistance has broken dawn under upland 
Ilanca,over 951. of the progenies were affected by conditions, however, and it has succumbed to the thebirus.A proxialely 30 progenies were hoja blanca virus. A project was initiated to 

incorporate additional genes for blast resistanceidentified as promising resulting from the from Colombia 1and S.M.L. 56/7.
 
following crosses: CICA 8was backcrossed three times to each
 

" Camponi//2940/3224 variety, and a total of 116 BC.F. progenies were.
 
* 5745//Camponi/K8 planted for testing. Under reasonably good blast 
* 5738//IR 262/Costa Rica pressure, 24 lines from the two backcross 
* 5738//63-83/Ceysvoni programs were dentified as blast-resistant. 
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Recognizing the importance of upland rice 
in Latin America and the potential 
contribution of concerted research, CIA T 
expanded its rice-improvement program to 
include the upland rice sector. 

( )y testing the results of combiningbeen attacked 
two posternergent herbicides. In 1982, :tuclies 
were continued on the efficts of applications of 
oxyftluorten and propanil: treatnments and results 
aie shown in Ta)ile 4. 

Both herl)icicles have a low phythotoxic. ellect, 
and they (1o not inte-1re with rice yield. Costs are 
also low, I)Cause offth low closes appliel. 
Htighest rice yields wvere obtained vwhen propjanil, 
in closes of 3.6 kg aclive ingredient tAll/ha, was 
sprinkled after sowing and watering the rice, 
lollowecl )y the al)plication :1clays later 0' 
oxytluorl'en. in loses of 0.15 or 0.10 kg Al/ha, 

''op 54:0, a Panama line derived i'om CIAT- mixed with irea. 
sunplpli ed F, ma terial fI'lrm the cross 
IR22//I1 93:t- 147-8/Colomia I has been named New Rice Varieties Released 

1ic1is under seed multiplication inl 'hePnlllanaa 
new lite is characterizel 1)Ngood grain cdali ty, Eight r.vw varieties were released for the irrigatecl 
ill it is modera tely susceptil)e to leal'scald ant rice sector in 1981 and 1982. 

sheati blight. In Brail, variety IAC 1278 was selected from the 
1979 IltTI) and in 1982 it was released to growers. 

Weed Control CICA 8was released by EPAMIG under the, 
comn,:rcial name INCA 4440. In El Salvador and 

One of the priorities for' agrononic nmanagemen it. Venezuel., ,aretiet, originally crossed at CIAT 
of irrigated rice is control of weeds,, .,iecially the in 1972 and 1975 we,-.- released with the names of 
C:yl)eraceae anti Gramineae. 'This )rob)le has Centa A 2,Centa A ,and Araure 1. In Guatemala, 

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

Dose Period of Yield, 
Treatment (kg Al/ha) applicat ona Toxicityh (kg/ha) 

Propanil + oxyfluorfen/urea 3.6 + 0.15 Post + tost 3 6141 a 
Propanil + oxyfluorfen/urea 3.6 + 0.10 Post + [")st 3 5977 a 
Oxyfluorfen + oxyfluorfen/urea 0.28 + 0.2 Pre + no, 6 5792 ab 
Propanil 3.6 Post 3 5329 abc 
Oxyfluorfen + propanil 0.2 + 3.6 Pre + post 6 4800 bc 
Oxyfluorfen 0.28 Pre 5 4623 bc 

Control 1 2900 d 

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



61 
ICTA named and released the variety Tempisque, lowland dry zones and irrigated areas in the state
 
which resulted from the same cross as Centa A 2. of Tabasco.
 

INIA in Mexico has recommended Cdirdenas In Panama, variety Tocumen 5430 was released
 
A 80, whi(.:i originated in Thailand, for the by the University of Panama rice program.
 

Upland Rice 
Production Systems 

Upland rice yield constraints differ quantitatively rice include the following ecosystems: highly 
and qualitatively from those of inigated rice. favored upland (Santa Rosa, Colojbia; favored in 
Essentially all soils increase in fertility when terms of rainfall, but unfavored in terms of soil 
flooded. This does not occur in upland rice, quality (La Libertad, Colombia); and moderately 
which suffers a number of mineral deficiencies or 
toxicities. These are most severe in the moderately 
favored and unfavored upland ecosystems. Relative emphasis (%) 
Upland rice grown on strongly acid soils is 100 
negatively affected by aluminum toxicity and Insect resistance 
deficiency of calcium and phosphorus. 
Additionaly, the relatively low water-holding 
capacity in the root zone of upland soils creates 80 
drought stress, which is most severe in areas of 
low rainfall. Drought and soil infertility interact to 
predispose rice to attacks by fungal pathogens. 60 
Thus, upland rice yields are constrained by soil 
problems, drought and diseases, and their 
nteractions. Additionally, there are several 

agronomic stresses including difficulty of stand 
establishment, weed compe:'tion, and the 
ineffectiveness of herbicides during drought 
stress. 

20
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 toleran! to 0 
attacks from pests and diseases. 1980 1982 1984 1986 1988 1990 

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

Because upland rice is grown under various improvement efforts on upland rice will 
systems in Latin America, each with distinct emphasize five major areas of research during 
production constraints, testing sites for upland the 1980s. 
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CIA T works in close co operation with the Colombian AtrictIltural I tit tle (ICA) 
in the evaluation and release of improved varieties to farmrs in Colombia. ICA's 
rice program facilities located in Palmira are used to evaluate blast resitance of 
lines and varieties of ICA/CIAT's cooperative program. 

,a'.'ail Breeding for Disease andfavore I1o) Halo, Pana rice plienolypeS 
ar lesire l," lih' ,il ecoCssteii, aid Pest Resistance 
hvda't ' t' Iliciher two. 

Ior le I, 
for I 

Iach sit'! lillers ill organic itlte' (ontllnt. ()iie of tlhV C(i1u1171aills to Ll)lciiitl I'i('('i~i')c iCftliHi 

scil pl. ilertilil.\', texturle, watle'-holding c'llit i 'y. are sverilipatlnl is andl pests. w\hic'h ae.' I1,l is 

total railall, and lain ldistibliioii. Aluminum is %\idvsli1cdlas iice blast hot MInSe losses ill 
Ch Ilzohosp.iparticula'lv h igh in La I.ihldCl. I)iseaise pressure spec'ific, a lea s. Ihese includ Y lincil 1leaf 

is high in all sites hot is inon'e seven' ill Santa losa scallil, Ih'lnithnsocnin l i (hrown leaf, spolL, gLain 

and I , liclwid. Ttlal raiidnfall is o%ei' 2500 discoloralion, hoja hlania \iris liseIs(. and the 

non veil ind w\ell (list ri hithld in Sallla Iosa and plail1l llver. ;iI e's (i-vzit olii. 
li'eecliig foir lavonecl ul)lanl rice is o d'oluc'tell.a liherlaci. wi'i'eas it ihiuu'h lov'vr 


dl)l)Uo.\iililt('l\ 1111111Illi erralic in Ilio oln ill eiaillel. le'rlih' alluvial uplainl soils,
acl Ililto. 
lhe 11,veIsiL vS repl-vlll 1I1v lil\,rt'l to) )Nl lee til irrigaili)n. 0Vl()expr( W\itlhO LtSLI)l SV 

ioulrlialelv Itavn'(,l uland ric 4'iliiiiiC''ll l5 ill p)opulaLions to uiplinil soil si 'esses. Fungal 

L.alin Ame'ica', in lerunns o; p 'ipilalioni. Iio)Ilili disei'se 1'tSSIi's oil s'g('egaling, mati'ials ail 

advanced lines are indcrel tu.ing alrolpriateis most revlreselltlie o tl, iupland c'onditions 
designs. Paients lomcrosses alre caeliully seleiedp'rea'ailing in Central Anei .a. 

(:IlA's upland rice pIrograi is also working oil a amllong clesilahle hm, Inl varielies and csses to 

i)oletildl , iqlarmi'LnLuictnp :v :!ten], thai plhlcl varieLies I'nm the Ameic'as, Ariv'ia, aindl 

cc'nnlin es exvllent mainlall with stn lngl, acid. Asia. ( inrnt lv ther, are ah ul 641 enties in 

inl'trl ie soils. This environ eiit is fouin il Ille CIAT's ulplancd germ plasm Iank. 

'ast SiVd\I'i ld VginS 01tol1nhii aiild \'enez Lela 'The I', geleralion is gliwi aLC IAT 

anid in iheljngle ,, ,I's cll andl nt'herii hI FLh i'w evaluation dalieu headquiaLters; tro F-n\\ard, 

Brazil. ExisLing varieLies ill Lhes( areas are tallI nd selecLion l dll lll(le i upland condilions in al 

least dl 

deliciencYl td'uhigaIl disease at low input Ieels. Villavicencio, Chlcmhia. are used to select multeliaI 
ra'es lhat toleraLe alnuminunloxic ilv, iih oslhll 'tms 'Vili' eiflei sites. AlluLiviaIl soils ill 



for favored upland environments with two crops a 
t'ear. An Oxisol site in Villavicencio is used to 

select materials for the highly infertile, acid ,:iils; 
selections made there are sent to Vurimaguas, 
Peru, for planting and evaluation and then 
brought Ii k to La Lihertad, Colombia, for another 
evaluation. Penonome, Panama, is another site for 
selection and evaluation. Some of the 1:sies coming 
from this project shouldIbe useful in some parts 
of northern Brazil, in addition to the vast savannas 
of Colombia anl Venezuela and] some acid areas 
in Bolivia and Peru. A collaborative research 
project has been signed between IDIAP
1Panamanian Agricultural Research Institute) and 
CIAT which allows the Program to use Rio Hato 
as a selection site for the moderately favored 
environments found in Central America. Some 
national programs, including those in Costa Rica 
and Guatemala, already have the capability of 
handling early segregating materials and are 
receiving some F, populations, 

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

Irrigated Materials for
Upland Conditions 
The excellent collaboration between the rice 
program at CIAT and ICA has resulted in more 
than 50 clwarf cultivars released by national 
programs in the region. These cultivars have 
impacted uplanc, rice production in specific 
counties, but thcy were an unexpected spinoff 
from breeding under irrigated conditions. These 
cultivars have high yield potential in these 
conditions where blast and weeds are the most 
important yield constraints, 

Disease pressure is severe at the Santa Rosa 
substation, and of a total of 196 F2, F,, and F4
segregating populations, only 38%were selected in 

1982. The disease susceptibility was not 

unexpected, 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 fri m one African or 
Surinam parent noted for diseare tolerance under 
upland conditions. Only 9 populac.ns from the 
F.,evaluatior,' were selected; these included 
promising crosses between 5782//Camponi/ 
IAC 25 and 5738//Camponi/IAC 25. JAC 25 is an
upl, nd variety from Brazil, and Camponi is from 
Surinam. 

A total of 49 advanced lines (F,;, F-) from the 
irrigated breeding program were evaluated in two 
replicated yield trials in Santa Rosa. CICA 7,
 
CICA 8, and Metica 1were used as control
 
varieties. All lines outyielded 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 florets 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 Sarocladiurm attenuatam;in the 
Philippines it is Trichoconissp., and in Colombia 
the most common pathogen is Helminthosporiurm 

http:populac.ns


Table 5.Some agronomic characteristics of promising rice breeding lines for favoreJ upland 

areas (Santa Rosa experiment station, Meta, Colombia, 1982). 

Days to Disease rating 
Yield (kg/ha)

Line headinga Height Rice blasth Leaf Grain Hoja 

no. (no.) (cm) Leaf Neck scald d discolorationb blanca( Shatteringc 1981 1982 

64 
MR 3646 4790

5959 104 97 2 (3) 1 8 	 3 MR 
2 R MR 4160 4353

14643 99 91 2 (3) 1 8 
MS 4229 47931 7 2 	 R 

R MS 5056 4711
14682 103 89 2 (3) 
14697 100 93 1 (2) 1 7 	 2 

7 	 MR. 5010 45494 8 R 
5 R MS 4852 4596

14819 97 89 1 (2) 

14918 100 80 1 (2) 3 7 
8 	 MS 3271 47522 8 	 R 

R MS -_ 4167
18453 105 91 1, 2(3) 

18458 105 93 2, 3 1 7 6 
4 R MR A184r,7 97 89 2, 3 5 2 	 5500 

Controls 
3 S MR 3313 	 2308

ClCA 8 106 79 5 9 	 6 
2 R MS 3983 3536

CICA 7 98 91 2, 3 2 9 
MR 3700 4263Metica 1 98 102 2, 3 2 2 	 6 R 

a. 	 Recorded when 50% of the field has reached the heading stage. 
b. 	 Relative evaluation scale (see Table 3 in this section). Numbers in parentheses indicate higher grades of damage were found in a 

few plants. 
c. 	 R = resistant; MR = moderately resistant; MS = moderately susceptible; 5 = susceptible. 

d. 	 Not evaluated during 1981. 

ecosystems. PhyvIophaga (white grubs) cause losses(1Ripolaris)or'7zae. The disease is associated with 
in rice fields rich in organic matter, particularly indiffering complexes of rainy weather, high relative 

The Sogatodes planthumidity, upland conditions, ,..fertile soils, and converted pasture arerx... 

the hoja blanca virus. Hfence, grain discoloration is hopper i. nost seriot s in areas of high relative 

a complex problem determined by the interaction humidity and moder. itely high rainfall, and is thus 

of plant-pathogen and environment. 	 a particular problem ,n favored upland rice 

ecosistems in Colomb'a, Venezuela, and CentralIn 1982 evaluations, except for line 14757, none 

of the breeding lines was free ofgrain America. 

discoloration under upland conditions. Under For disease control. The fungal diseases are 

irrigated conditions, of 194cullivars evaluated, only limiting factors in upland rice production. One 

9 entries, advanced lines, were resistant. ecological factor is critical: prior drought stress 

preconditions plants toward susceptibility, and 

Determining Improved the longer the stress period, the greater is the 

Agronomic Practices degree of leaf disease. Another critical factor is the 
soil. Crops on some soils appear particularly 

For pest control. Elasmopalptis Iignosellts, disease prone, while crops on other soils have a 

1llisstis Iucopterus, and l'hvllophaga spl). are remarkable absence of infection under similar 

widespread hut sporadic insects found in upland climatic conditions. The highly acid soils, Oxisols 

rice. Damage by the first two is appreciable when and Itltisols, that predominate in the savannas of 

South America, favor the development of leaf blastthe crop is subjected to prolonged drought stress 

during the early growth stages. They generally do and other fungal diseases and appear to 

not cause yield reductions in higher rainfall 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. 

For weed control. The major difficulty for 
controlling weeds in opland rice is related to the 
prevailing soil moisture conditions. Excessive 
moisture, ;-hcr. weepds are most sensitive to 
herbicides, makes entry into fields with ground 
equipment very difficult. The resulting delay in 
application requires heavier herbicide dosages
and results in less effective weed control. 

Uniform trial testing in the IRTP in 1982 
demonstrated that best results (effective weed 
control and highest yields) were obtained with 
application of low doses of oxadiazon as a 
preemergent (at 1.12 kg active ingredient/ha) and 

either propanil (at 3.24 kg Al/ha) or bentocarbo (at 

4.0 kg At/ha) as a postemergent. Manual weeding, 
without using herbicides, gave higher yields than 
the herbicide treatments alone, but because of 
high labor costs, the yield increase doe inot 
compensate for the input costs. 

For soils with high levels of aluminum. 
The savanna soils of the Llanos Orientales of 
Colombia are represent:)tive of extensive areas of 
Latin America and have the potential to produce 
rice with little energy and low costs; the Rice 
Program is investigating economic and profitable 

Improved rice lines are passed to collaborating natioral programs through
international nurseries of promising materials. Countries evaluate and select from

these nurseries materials for direct seed multiplication and distribution. 

ftl 

r .4 -' 



Table 6, International Rice Yield Nursery 
(VIRAL) evaluations of rice varieties selected 
for favored uplaid areas in Latin America 
(distributed in 1981). 

Days to66	 66 
heading Yield 

forms of producing upland rice in these areas to 


proide an inexpensiv'e food source of good Nursery and variety Origin (no.) (t/ha)
 

quality.
 
The principal problems these soils have are VIRAL (planted in 9 sites)
 

their high content of aluminum, low levels of P 1397-4-9M-3-3M-3 CIAT/ICA 97 
 4.5 
P 1266-3-6M-1-1B CIAT/ICA 87 4.2

)hosphorus, and low acidity. The Rice Program is 
92 4.1 

searching for varieties that have resistance to the 	 IR 11248-13-2-3 IRRI 
P 1363-5-13M-3-1B CIAT/ICA 97 4.0 

region. Varieties have been tound that are adapted P 1377-1-15M-1-2M-3 CIAT/ICA 97 4.0 

to this region, including TOX 1011-4-1 and 

as wvell Ias lIhe Brazilian \,arieies IAC 164 CICA 8 (control) Colombia 98 4.51011-4-2, 
and 165, IAC 544, and Perola. 	 CICA 4 (control) Colombia 91 3.8 

CICA 7 (control) Colombia 93 4.4 

VIRAL-P (early maturing, planted in 9sites) 

International Network Activities 	 lET 4094 (CR 156­
5021-207) 	 India 89 4.9 

Korea 80 4.4'ransfer of (ehv technology is based on 	 Suweon 298 

B 2360-6-7-1-4 Indonesia 
 101 4.2

oouperalion %itll national agencies through 

training, germplasm exchange, technical advice, 	 MTU 3419 India 100 4.2 
97 4.1IR 13540-56-3-2-1 IRRI

and information sharing via publications. 

For Ile past 10 years, Central American national CICA 7 (control) Colombia 95 4.3 

rice programs hav'e received a great deal of IR 50 (control) Philippines 76 3.9 

advanced breeding nmaterial fi-om CIAT and IRRI
 

through the IRTP ithe International Rice Testing VIRAL-T (medium-maturing, planted in 7sites)
 
98 5.8P 1381-1-BM-2-4M-5 CIAT/ICA

Program). This has proved to be an etlective 

linkage of thle various research groupssince 1977. P 1332-3-8M-1-1B CIAT/ICA 102 5.6 
PAU 41-306-2-2-PR 406 India 91 5.6 

96 5.6P 1369-4-16M-1-2M-4 CIAT/ICA 
IRTP for Latin Ainerica IR4422-98-3-6-1 IRRI 99 5.4 

98 5.5
In 1982, tile IRTP for Latin America reorganized 	 CICA 8 (control) Colombia 

CICA 4 (control) Colombia 90 4.2 
the distribution of inipro'ed germplasm according 


to the needs of the national programs. At present,
 
two nurseries are emphasized: a largeinlETobservation VIRAL-S (upland(CR varieties, planted in 13 sites)
4094 156­intenatinalevalatio 
nursery for international evaluation in irigated, 5021-207) India 88 4.4 
fIavored upland, and unfavored upland P 1377-1-15M-1-2M-3 CIAT/ICA 98 4.3 

ecosystems; andia smaller yield nursery directed 	 TOX 728-2 Nigeria 94 4.3 

towarl the irrigatecd and favored upland systems. B 733 C-167-3-2 Indonesia 91 4.2 

The bulk of the entries in these two ntrseries are P 1381-1-8M-2-IB CIAT/ICA 99 4.1 

advanced lines fron CIAT hreeding programs, and CICA (control) Colombia 99 4.2 

some materials provided by IRRI/CIAT, which are IR 43 (control) Philippines 94 4.4 

thoroughl, screened for suilabilit' under Iatin 

American conditions. 
Table 6 indicates the cycles of duralion and
 

yields of Ile hest inaterials in three nurseries,
 



67 

The best locally adapted breeding lines are included in a Central American
Upland Nursery, designed to evaluate parental material 
for superior upland cultivars for this region. 

which are also resistant or tolerant to the 
principal diseases, 

Four other nurseries are provided to a limited 
number of national programs. These are sets of 
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 
 i,11interested 

national programs. 


New Upland Nu rsery-
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 
Nursery). 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 
two 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 

high yield potential and resistance to blast and 
leaf scald under favored upland conditions but 
are somewhat affected by these diseases in less­
favored environments. 

Materials developed elsewhere have been 
particularly important in providing sources of 
gerrnplasm for particular characteristics. In this 
respect, cultivars developed by the Cereal Program 
at ITA have proved outstanding as potential 
parental sources for acid soil tolerance in studies 
at CIAT for the less-favored areas of acid soils in
the Colombian Llanos. Some IRAT ITropical 
Agronomic Research Institute, France) materials 
are excellent sources of resistance to dirty 
panic!es and blast. The various sources of West 
African materials from IRAT and IITA have also 
proved useful in Brazilian research at CNPAF 
(National Research Center for Rice and Beans), 
GoiAnia. 

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

The quarterly Rice Newsletter, published in 
Spanish, reaches an audience f850. 
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upland sector. This ratio is an encouragingManpower Development 
indication that governments are efficiently 

Most of the national Latin American rice programs allocating limited available resources. Many 

are restrained from expanding their programs due countries in the region are not gaining full benefit 
to lack of trained personnel. CIAT's objective is to from the new rice technologies due to inadequate 
train a few individuals from each country in rice adaptive research capacity. In general, the in­

breeding and production. On completing their servic;, training opportunities offered by the 
training, they will become key professionals for international centers have been fundamental in 
transferring technology as well as for the development of national research efforts; 

strengthening their respective national programs. further training will be necessary, however, to fill 
The training strategy is also integrated with the gaps and provide for staff turnover. 

research and outreach. Production courses To date, CIAT has trained more than 219 rice 
provide training on practical aspects according to researchers from 23 countries in the areas of 

the Program objectives, agronomy, breeding, pathology, and production. 
Analysis of research personnel in upland rice by Thus, an effective regional network of 

discipline with each national research program collaborators now exists for the continuing 
indicates that, in the 24 countries listed, only 179 interchange and evaluation of technology and 
professional scientists are doing rice research. information. The Rice Program has continued to 

This in an inadequate number, given the emphasize regional activities, including the IRTP, 

projected future importance of rice in human monitoring tours, production courses within 
diets in the region and the range of problems countries, and biannual conferences for rice 

remaining to be resolved through research in all researchers. These activities have greatly 

rice systems. contributed to the further strengthening of the 
Half the total number of regional rice Latin American rice network.
 

researchers, however, are already working in the
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Grass legume pastures selected for their 
adaptation to acid, low-fertility soils are an 

alternative solutiun to the nutritional 
problems of the vast agricultural frontier of 

tropical America. 

70 R eef is a staple food throughout tropical 

Latin America. Consumption ranges 
between 4 and 36 kg per capita/year, representing 
between 16 and 70%of the total meat 
consumption. It is important in the diets of all 
income groups, and even the lowest income strata 
spend between 10 and 23% of the total food bill on 
beef. At the same time, demand for beef products 
is increasing at a rate of 5.3% peryear, whereas the 
production growth rate is a mere 2 2%. 

Today, cattle and milk production systems are 
mostly concentrated in fertile areas where land 
costs are high and pasture production is in direct 
competition with crop production. At the same 
time, however, more than 40% (850 million ha) of 
the tropical Americas consists of acid, infertile soil 
regions where, due to the harsh ecobiological 
conditions (soils, climate, pest and disease 
incidencel, 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 more favorable agricultural lands 
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 to increase beef and milk production, 
conserve and improve the soil resources of 
tropical ecosystems, and provide a basis for an 
economically and ecologically sound utilization of 
underexploited land resources. 

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

systems. Abasic 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, soil 
microbiology, pasture development, pasture 
quality and nutrition, and pasture 
evaluation/management; and (3) Pasture 
Evaluation in Production Systems, which is 
compesed of seed production, cattle production 
systems, and economics. These three units 
collaborate in moving new germplasm accessions 
from their introduction and characterization to 
screening for use in the various ecosystems; 
developing alternative pasture product.on 
systems; 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 legumes succeed in being selected 
for their further evaluations and assembly into 
pasture technologies. 

Although the target area of the program has 
one common denominator-the acid, infertiLe 
soils (mostly Oxisols and Ultisols)-it is made up 
of five distinct ecosystems whose unique set of 
climatic characteristics require that pasture 
germplasm be developed separately for each 
ecosystem. The five ecosystems are: 

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

http:product.on
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* Well-drained, isotherrnic savannas, tile Cerrados region (CIIACI, atstation of the
repr-esented by the Cerrados of Brazil;i 

" Poorly drained savannas; (EnBRAPA. The direct research e'orts in these 
" Semi-evergreen seasonal forests; two C SeitnsMVSlIOrd VI"Troeisu pported ' •T i r.toss "International Network for the El'iation of 

TO date, the Program has placed its emphasis Tropical Past Lires, COndLicted inl collalboration 
o n savannathe two ecosYstems, as represented 1w with national institutions, to evaluate promising 
thllLlanos and the Cerrados, which Comprise germplasrn in sites that represent sufheosystems 
more than 300 millionha of land. Researcah for the il 1oh the LlanOS an the Cerrados Figu I.e 
flanos ecos,'stem is COFIiiCted in the Carimagua The network also extends into the addoitional 
station in he s.,anosof Colomia. This station is ecosystems dpoorledrained tsavannas, seasonal 
jointly administered %itfnICA, the Colombian Forests, and rainforests. This allows th program, 
AgricUltural Research Institte. Research for the in Collaboration %%ith national organizations, to 
Cerrados ecosystem is cond]ucted i Collaboration evaluate tihe adaptation an o(lte prciitV Of 
with tie Brazilian Agricultural Research Center for germplasm throgout the area of interest. 

Summary of Achievements 

The intensive germplasm evaluation work by the phasoloidchs, Andropogon ,4ayants,'S ' losanlhes 
Tropical Pastures Program has allowed continued capitata, and A. gavams/P.phaseoloides showed 
advancement of a relatively large number of more than two-flold increases in gains/animal, and 
accessions to higher categories of evaluation. By more than iftieen-fold increases in gains/ha over 
the end of 1982, some 8( leguren accessions and the best-nianaged native sav'anna. Al econonic 
15 grass accessions had passedlthe stricl tests to analysis of fattening with iIlJ)rovCl )astures 
)e promoted to a category involving evaluation showed the following internal rates of return: 
under grazing. B.decuhbens, 20'., 13.decumheis 'P.pasvoloides 

In the "lanos" ecosysteni, liveweight gains with (in strips, 25%; A. gaIaIIus 'S. calpitaIa,261S,: native 
associations of ilrachiariadhciimlw'is,'l'iieraria savanna plus banks of P.Ilas(dJithIs,221. 
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Figure 1. Geographical distribution in Latin America of the International Network for the Evaluation
of Tropical Pastures. 
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Pasture germplasm is assembled from a 
wide range of conditions throughout 

tropical America, Southeast Asia, and Africa. 

In the "Cerrados" ecosystem, iromising species A. gt, anis CIA' (621 in theiri respective co'nt'ies,
 
identifiedlthus 'trareCentrmsena riacp all, uyn Panaan I, Peru. and Venezuela also followed suit.
 
S. 'apitata,S. guiallensis "arclio," S. miacr1-:ipqIla, In Ckloilhi:I, ICA has oflicially passed oin to the
 
and a yet uihlentiliecl zorliI ,pecies. seed iroduction sector a blend of five accessions
 

tegional Irial results fi'oni de tropical forest of S. c'apital a under the nanme of "'Capica." In
 
envirionnieint have shown Il at a large inber 
 of Brazil, C'PAC: is in the process of releasing
 
grass and legume species o'iginally selected fol. S. niacrocephala CIA'I' 1582 under the name of
 
Ilieiu acaptalilily to acid, intierile soil con(ditions "Balideirarnte, ' and S.guiamisis"tard io" CIAT
 
in the IHalos and Cerrados eimironnmenIs are also 2243 under the name of"Pioneiro." This initiation
 
v'er ' well adapted to the conditions of the humid of the relea;e process of legurmes constitutes a
 
tropics. 
 major step Iowai-d overcomning tle iicitical
 

After tle national research instituticons in lBrazil constraint to ftorage Cluality fi'o animal pirocuction
 
and Colohbia successfully released Ile grass in the savannas of tropical America.
 

Germplasm Base 
for Pasture Improvement 

The Tropical Paslures Program seeks to e'ploit Table 1. Status of germplasm collection of 
the naltinil \,ariahility of gerniplasm to iclenl i t
 
grass and leguie species adapted to the ,'iot tropical pasture accessions at ClAT.
 
ecosystens in the region. (;erniiplasni is
 
assemlled fron a wide range of conditions Genus Accessions (no.)
 
throughoul the acil, infiertile soil regions of
 
tropical America, Southeast Asia, and Africa. With Legumes
 
t1e alddition Of' 1150 1 tial JSttirS entries in Stylosanthes 2303
 

Desmodium 12111982, the CIA €'collection has now iachecl 8946 Zornia 758 
hlegme ia(essions and 839 grass accessions Aeschynomene 486 
1'lable 1 . Centrosema 939
 

Blsed on (lata collecled to late, the Program Macroptilium/Vigna/Phaseolus 739
 
Calopogonium 183
has classilied a ,series of pci:s as "key slci~s," Galactia 336which, based on their liromise, am receihing Pueraria 119 

special attenlion within the gernplasm Miscellaneous legumes 1872 
levelopment work anc whose germplasm base is 8946 

leii g expanded. For example, given the Grasses 
importance (if Jksto diomn ancl /(ierfi'ia species, Andropogon 65 
the T'iclAiil Pastuires Pr-ogram, in collaboration Brachiaria 196 
w%,ilh IIPGi 'oternational Board lit Plant Genetic Panicum 378Miscellaneous grasses 200

eLsIuIrCeS, organized a collection tiip in 1982 to 83scll9 
Southeast Asia whei these legumes are native. 
This particular tiip ielded 176 new accessions of Total 9785 
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Desrnodium (40% of them D. ovalifohiuml,57 new entries" was concluded. In this group, 

accessions of Piteraria,and numerous addi~olal which involved accessions from six genera, 

legume species. pa'ticularly promising spec.ies were identified in 

More than 500 accessions of six key legunine S. visosa and I)iolca glvaoensis. 

species were characterized and subjected to a During the year, some 1500 seed samples of 

preliminary evaluation in 1982. Particularl priority materials were enteecl into tilesystematic 

encouraging results were obtained With selecit.h gerroplasnl evaluation sclleme of the program. 

accessions of S. capitata. S. ,giuianensis"tardio," Selected accessions were also passed on to 

S. and Ccrol'elhala,C. mnacrocarpifl. At the collalborator's in national programs. 

same time, the preliminai-y evaluation of some 350 

Technology Development 
for the [lanos Ecosystem 

The well-drained isohyperthermic savannas of were evaluated ill small plots for produclivity and 

tropical Latin America coniprisc- an area of seasonal dlistrilution of yields. 

approximately 110 million hectares. Mean 

temperatures are above 25"C. The average length Evaluation under Grazing 
of the rainy season is approximately 6 to 8 

months, with a rainfall of between 1000 and A considerable range of trage species were 

2000 mm. The soils are predominantly Oxisols established in a set of small-plot grazing 

and Ultisols. experiments designed to assess the compatibility 

Pasture research in this region has been of accessions in mixtures, tolerance to grazing, 

directed toward the identification of superior plant mineral requirements, and nutritive Value. 

genotypes of key species of legumes and grasses. The legume .ntent of the 18 grass/legume 

At present, the key legume species have been 	 associations ranged fIrom 3 to '101,, after tie first 

determined to be C. brasilianum, C macrocarpum, season of grazing by two aninals/ha (Figure 2). 

and two additional Centrosema species not yet The most appropriate ratios are those in which a 

described, Desmodiuor" valifolium, S. capitata, balance in consumption is achieved beiween the 

S. guianensis "tardio," S. rnacrocephala, and grass and the legume (treatments 5-9). 

Zorniaspp. Among grasses, the key species are StvIosanhes capitataCIAT 1441 and 

spp.
Andropogon gayanusand several BracIir','!5)[ 	 S. macrocephala CIAT 1643 were obsenved to 

combine well with native grasses. The associationAccessions ofall these species were obseive,- to 

have a wide range of variability and adaptive of S. guianensis"tardio" CIAT 1283 with 

characteristics. A. ayanusbecame strongly legume dominant due 

In 1982, 428 new accessions of promising to th, low palatability of the legume; this 

species-both key and other selected species- particular accession of Stvlosanties succumbed to 

were introduced and evaluated for adaptation. At anthracnose duiing the wet season. 'vo free­

the same time, several hundred promising seeding accessions of D. ovalifoliuni produced 

accessions from earlier adaptation evaluations 	 good mixes with A. gayanus, molasses grass 

(Melinis minutiflorah and native savanna. 



100 

Legume content (%) 

a. Association of; 
Andrnpognn gayanui + 

80 (2) Sivio~anthes guianensi "iardio" CIAT 1283 
(61 Stylosanhses capitala CIAT 1441 
(7) Demodisni ovalifoliumCIAT 36C6 

(12) Sly/omanhers macrocephala CIAT 1643 
(13) Demolirn ovalifoliurn CIAT 3784 

feiocarpa CIAT 1087(17) Stylosanlhes
60 -75
 

Melini, minutiflora + 
(molasse! grass) 

(5) Stylosanthipuianensis "tardio" CIAT 1283 
(9) Slyinsanthe%macrocephala CIAT 1643 

40 (10) Desmodwurn ovalifoliurnCIAT 3784 
(14) Desmndiurn cnatldoium CIAT 3666 
(15) Stqlmanthsps capilata CIAT 1441 
(16 Stylmanarthes 1087leiocarpa CIAT 

Native savanna + 
20 "--(1) Sty),nnhe%g jianensi. "tardio" CIAT 1283 

(3) tDesmodium ,valifoliumCIAT 3666 
(4) Styloanthe macrocephala CIAT 1643 
(8) Stisoanthes capilata CIAT 1441 

(11) )srmocurtrmovalifoliumCIAT 3784 
0 (18) Stylosanthe, leiocarpaCIAT 1087 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Grass/legume associationa 

Figure 2. Legume content found in 18 grass/legume associations at the end of the first season under 
grazing (two animals/ha), in Carimagua, Lianos Orientales (Colombia). 

Testing of Advanced Lines aiding plant replacement. At the same time, the 
stoloniferous growth habit ofboth yet

under G razing undescribed Cenlrosema species was observed to 
be a useful trait under heavy grazing condlitions. 

At a yet higher level of ealuation, advanced lines Susceptibility of Centrosema slip. to leaf diseases 
are agronomically tested under rotational grazing and insect attauks remains a major selection 
on small plots, with stocking rates of 2 to 2.5 objective. 
animal units/h3a during the 8 months of the wet The legume Desmodiurn ovalifolium is well 
season and 1.6 during the dry season. The suited to compete with aggressive stoloniferous 
following data were found in 1982 testings. grasses. It was tested in association with 

Both Brachiariadecumbens and B. humidicola B. humidicola CIAT 679, B. decumbens cv. Basilisk, 
have attained major economic im3portance in the and A. gayanus CIAT 621. DrY-matter yields for the 
lowlands of tropical America. Both grasses are three as& cialions were 17, 14, and 9 t/lha per year, 
well adapted to Oxisols. In the 1982 evaluations, B. respectively. D.ovalifolium !roved its ability to 
hunidicolashowed a higheryield potential in and compete well ith13B.humidicola-the most 
better tolerance to both wet and ,iyconditions, productive of the three grasses-and these two 
To date, spittl-' ,g has not been a major problem species were observed to form a highly compatil)le 
in this species in the Llanos. irachiaria remains association. 
one of the most promising grasses available. During 1982, D. ovalifolium CIAT 359 was badly 

Sixteen accessions of Centrosema spp. were attacked by a new genus of stem gall nematode 
compared in mixture with A. gavanus. All spef ,es (Pterotvlenchus .ecidogentsi;however, several 
were readily accepted by grazing animals witl, no other accessions of this legume show evidence of 
evidence of preferential grazing. The free-seeding resistance to this nematode. Further research is 
labit of C.brasilianumhad a distinct advantage in needed to fully explore the range of variations to 
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Crossing between ecotypes of Stylosanthes guianensis "tardio" by "common"
 
is a project to obtain material resistant lo anthracnose and with good production
 
of forage and seed.
 

disease per species. For instance,one llajolcoli:l'et solie inheil'ervill delicie nc(1ies ill lksnmlodiiu, 

inll1Udinrg IOW i)alatalilit, . high tannin Cotililetit, 	 Rlhizoctonia lbliar blight is the most importtaIt 

disease of,( hrasilia nI,whereas Cercos)poraarintisus(etil)ilityv to riviilatodes. 
leatsl)tt is ite lulost dallagirig (i.*..!asv of'ell ecotylp('s of thll highly Iromisinrg legut ue 

St /osirtltescaditatalV.,'I'e e'all attd ill 	 (:. pube.'rerls. C.tllact'ca r'nJtJItrernai us uelati'elyv 
Anmong insect piests, chrvsonwivlidlsassociation wit h A. t'ahrrc,. Ecotypes flowerin'ng at 	 disease fite. 

con ti int' to Ille p1,i ricipal Ir'obhems ot"mid-seasotl sio\\od a rapid (lec line ill the second 
Centl 'o.nlti Slip.y'ear aler' estaulisllilt!11; hovwel.'r, tou6r early'-

sp.,the rUost im por'tan tdisease
Ilowe'i Ig,free-se(l ing (,'oCtyp'vs per'isisted(I lhl I)SvrstI lcilIll) 

is stem gall nematode, w;lich ,asonly detected illvielchde significantly higher un1der grazing 1har 
Catimagua ill 1t82. A systeliatlic ef)loi't isdid niid-seasori line.;. '[his is attribtlri to ti 


lar'ger auiourltits of ,(I pt€l Iy the early .clIdetr¢av to ileit itvi Wsistanlt accessior s.
rc.l 
IHlallos, alllhinacnosetloweling accessions over a longer period 	 Oil St vlosathc'sSpp., ill tih 

C0ontitilles to bll the mIost imlltor'tant 0olem.(t
of litie. 
tile more thatl 500 accessions of'S.gtrtlialrlsis 
"(Coriitfli" e'alhrated t1LrS tar in (a'i ragura, 0nih 

Pest and Disease Problems 	 onle aCCeSSictn has heen, able10 S iVe 
antlir'acnose attacks fo.- more than 2*years.Oin the 

other hand, if soriie 80 tccessiorls of S.gtiaiellsisResults fiom evaluations at Car'inuagua and 
regional trial sites withinl the wvell-drained "tardio" evaluated in var. ius experililts, 10 Ilave 

shown moderate to high levels of resistance toisolypertherrfic savanna ecosvsIvin showed the 

presence f several plant diseases affecting anthracnose. This species is also relatively 

ill this e(osy,'teil. iresistarlt to the sternitr]'ter,. Il S. capitata,pasture sp.,..:ies 
Althotugh sk differ-ent r'.tases Iave beel anthracitlose is a secocilarv disease in the IHlalos, 

recorded on Centros:emr spp. in tile well-drained aild S. triacrocetihaa Cortillues to shoW high 

levels of anthracrlose resistance.isolkyperthe'mic sivannas, gene'ally there is only 
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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 legume has suffered from 
heavy grazinIg pressum., thus forcing tile 
suspension of tie grazing of the trial (after almost 
4 years) to allow for recovery of the grass and to 
devise a management system that will reduce the 
efflects of slittlelug and improve the production 
and balance -Cfthe species. 

A minimun,-tillage trial for lasture 
establishment with low-density seedings was 
designed to evaluate Ihe possibility of reducing 
the need for mechanical or chemical control of 
vegetation. This trial is part of Ihe Program's 
efforts to dewlol) pasture establishment systems 
that require little or no machineiv, designed for 
the small holder of the savanna regions. In
 
Carimagua, successful establishment of
 
A. gavanus,13.humidicola, D. ovalifoliurn, and 
A pliascothndeshas been achieved with only 
manual preparation of the planting siltand no 
use of mechanical vegetation control. Naturally, 
establishment has been much slower than in 
other trials where some form of tillage has been 
used for seedhed ireplaration and vegetation 
control. 

Savanna Replacement 
A savanna replacement trials was established in 
1980. Four legume/grass associations were 
planted in strips of 0.5-, 2.5-, and 5-m width, with 
intelvening savanna strips of 2, 10, and 20 il,so 
that 201'. of the total area was tilled, tirtilized, and 
planted. 

Associations were formed vilh the grasses 
A. gayt'vasandi Ithumidicohl and the legumes 
D.ovalifniitm and I.phaseoloides.DueIto initial 

low availability and higher palatablity, A. gayfvanus
 
practically disappeaied; thus, the treatments in
 
which it was included are now legume/savanna
 
associations. Under grzing, both legumes rapidly
 
spread into the native savanna. All treatments
 
have succeeded in covering at least 60% of the
 
total trea, more so with P.phaseoloides than with
 
D. (Jaliltlitim.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 vegetation,, 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 planted strips. Based on the 
experience with this trial thus fat', 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 ini 
Carimagua has been A. gavanus with 
R phaseoloides. The balance between the grass 
and the legume in this associatiii is very sensitive 
to the pasture management utilized and is 
nmarkedlv dilfrent in the two growing seasons. 

Under continuous grazing, toward the end of the 
rainy seasen the legume will dominate the 
association. This imbalance-in which the legume 
makes up two-thirds of the pasture-was found 
to lead to a corrtes)onding imbalance in enerIg 
and protein inlake of the grazing animals. 
Whereas the proleil content of the diet was found 
to he very high, enenrv and overall diy-matter 
inlake were low, and lite corresponding daily 
animal liveweight gains were depressed. In 
general, these data suggest that excessive 
availahility of P.iihaseoloides in association with 
A. ga~vns can have negalive etlects on liveweight 
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gains clue to an enerKy deficienc'y in the diet. 
These findings point to the need for the identi-
fication of pasture management practices that will 

increase the availability otthe grass on offer for 

grazing during selected periods of tile year. 

e and 
Productivity 

The most promising )asture species and 

grass/legune associations are advanced bky the 

Tropical Pastures Program to a level of evaluation 

where they can be tested for oplimum 

establishment and grazing melhods, fertilizer 

requirements, animial 1rocnllrctivit', and pastuire 

persist:'1ce. Cut1rrentlyV, three Clifferent pasture 

systems are being evalated: grasses in single 

stands, legunles to serve as a protein bank, and 

grass/legunie associations. 

Grasses in single stands. After ihe su'cessful 

conclusion of the evalation in pure stands of 

B3.decunilhels ancl A. ,'aimls, only the evaluation 

in l)ure standcs of 1l. hnidicola continued. The 
producthil y of this grass under Caruimagua 
conditions is significantly lower than that of tlhe 
two grasses evaluated earlier. After the pasture 
was left to recuperate (huring the dry season in 

1981, accumulated €liy matter was removed, and 

a maintenanc( fertilization wvas applied, the 
liveweight gair . 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 215 grams/day; (lulie.g the (by 

season, however, an average loss at 62 grams/day 
per animal was registered. The low productivity of 

this grass in pure stands can be explained by the 

v'ery low voluntamy intake, which is related to the 

low levels of crude )rotein contained in 

B3.humidilu throughout the year. These resUlts 

)oint out the need for a legume compatible with 

the very aggressive 13.hzlidicola. 

Legume protein banks. The strategic use of 

legume banks continues to he a highly promising 

alternative to supplement the nutrition available 

in grass pastures. Resulls from 4 years (1979-19821 

ofan experiment in Carimnagua are now available. 
While grazing on nathVe savanna, each animal 
had available 2000 m-' of P.pha.s'oloides in a 
legume bank. Access to the bank was controlled 

cluing the first 3 years of the experiment, )tnl was 

unrestricted in 1982. In this long-term experiment, 
Pastu res are grazed continuously, and one-third 
of the! savanna is burnedlat the beginning and 
end ofeach clrv s.ason. 

Average annual liveweight gains were 118 



The association of Brachiaria humidicola 
and Pueraria phaseoloides in close mixture, 
such as in strip planting, gives high yields 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 ofbanks P.phaseoloides 
with nativd savanna can increase weight gain per 
animal by approximately 30% over those obtained 
with best-managed native savanna treatment 

In a related experiment, P.phaseoloides%.as 

gains registered for each of the years 1979-1982. 
These long-term results indicate that the 

productivity of A.gavanus-anoutstanding grass 
that produces relatively high liveweight gains even 
in pure stand-can he enhanced by 40-60%when 
grown in association with appropriate legumes. 
These associations require a maintenance 
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used to supplement an improved grass in pure 
stand, B. decUmbens. The legume was established 
either in blocks or in strips, covering 30%'." the Liveweight gain 
area. Stocking rates were 1.25 and 2.00 animals/ha (kg/animal/yr) 
(luring the dm, and wet seasons, respectively. Over 250 

4 years, average annual liveweight gains were A.gayanus + S.capitata 1405 
183 kg/animal when the legume was established 
in strips, and 157 kg/animal with the legume 

A. gayanus + S.capitata 1019 + 1315 
A.gayanus+ P.phaseoloides 

established in blocks. Nonsupplemented 
B.decunbens pastures produced average live- 200 

weight gains of i45 kg/animal. However, during 
the dry season, weight gains in the legume block 
treatment were significantly higher than in the 
unsupplemented Bra,':hiaria. These data indicate 
that, in the short run, fhe productivity of 150 
B. decumbens can be enhanced from 8 to 261% A. gayanus alone 
when supplemented with blocks or strips of I 
P.phaseoloides,principally on the strength of the 
legume to enhance the nutritional quality of the 
animals' forage intake during the extended dry 100 
seasons. 

From the Program's work with legunm banks to 80 
date, it is evident that the most significant results 
can be obtained when low value grasses (such as 
native savannal are supplemented with legumes 0 I I I 
of high nutritional value. 1979 1980 1981 1982 

Grass/legume associations. The year 1982 Year 

was ulso the fourth year of a long-term experiment 
to vAaluate various promising legumes grown in Figure 3. Animal liveweight gains with the 
association with A . avanusCIAT 621. The legumes 
eValcated include Zornin latifolia CIAT 728, a 
mixture of S. Capitato CIAT 1019 and 1:315, 
S. capitaa CIAT 1405, and A pha.soloides 

gramineae Andropogon gayanus have beenoutstanding; 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 

CIAT 9900. Figure 3 shows Ih annual live.veight two animals/ha during the rainy season.) 



Table 2.Profitability of fattening operalions with various pasture production technologies 
estimated for the Llanos piedmont and the inner Llanos regions of Colombia. 

Internal rate of return (%)a 

Pasture Piedmont (Puerto L6pez)b Llanos (Carimagua) 

production 
system 

6-year 
persistence 

12-year 
persistence 

6-year 
persistence 

12-year 
persistence 

80 
Brachiaria decumbens alone 22.6 24.6 18.5 20.7 
B. decumbens + blocks of 

Pueraria phaseoloides 
B. decumbens + strips of 

P. phaseoloides 

20.8 

26.8 

23.1 

28.9 

16.8 

22.6 

19.2 

24.9 

Andropogon gayanus + 
Stylosanthes capitata 

A. gayanus + P. phaseoloides 
A. gayanus + Zornia sp. 

28.1 
21.0 
21.8 

30.4 
23.8 
24.4 

24.2 
16.9 
18.0 

26.2 
17.8 
20.9 

Native savanna + 
P. phaseoloides 24.2 24.9 20.0 20.9 

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

b.Sensitivity analysis of Carimagua biological parameters inclose distance to the Bogota market. 

fertilization after the second year of continuous cattle fattening, in the real world, fattening is only 

grazing to assure persistence and stability of the one part of the cattle production cycle. It is quite 
possible that in a real-world production system,mixture. 
the legume-based pastures would be used to 

Economic Performance facilitate reconception of lactating cows, 
recuperation ofweak animals, increased protein 

intake during the prolonged dty season, andWith the availability of long-term performance 
results in Carimagua, an analysis of the likely 	 fattening of steers during the rainy season. This 

implies that the impact of introducing legumesprofitability of new pasture production technology 
in the Llanos of Colombia has become possible. may prove to be even greater than the one shown 

Using realistic productivity parameters based on 	 in Table 2. 

actual experiences in Carimagua, internal rates of 
return were calculated for the production 	 Release of S. capitata 
conditions in Carimagua and for the piedmont 
area (e.g., Puerto Lopez). In the absence of cv. Capi,-a 
definitive data on pasture persistence, 

In 1982, the first legure cultivar derived fromcalculations were made for 6 and 12 years, 
CIAT germplasm was fonnally released' •ue inrespectively (Table 2). While these internal rates do 
the acid soil savannas of Colombia.not take into consideration land values, they 

After a thorough evaluation of the performancenevertheless show very attractive returns for 
and potential of S.capitata for use in legumeinvestments made for the use of the new 
banks and as the legume component intechnology. In Puerto Lopez, which is rather close 
grass/legume associations, ICA relea,.. . a blend ofto population centers, the projected returns are 

quite higher than at Carimagua, where five accessions of S.capitato with the name 

"Capica." All accessions wf . collected betweentransportation costs for inputs and outputs 
1975 and 1977 in Brazil, with the assistance ofsignificantly add to the production costs. 

In interpreting these data, it must be EMBRAPA. A total of 770 kg of basic seed of Capica 

was produced by ClI and supplied to ICA.forconsidered that while this analysis only refers to 
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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 to allow purchase by ranchers. It is 
envisioned that initial seed production etlorts will 
be located in the same geographic region that will 
be used to plant the pastures. Seed harvests will 
be made both fi'om crop and pasture by-product 

systems. Because S. capitata has a relatively high 
seed yield potential, 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 degree of adoption by cattlemen of 
this legume in pastures. 

Technology Development for 
the Cerrados Ecosystem 

'rhe principal research challenge in the Cerrados ecosystem) is to identify pasture species and
i.e., the well-drained isothermic savanna ecotypes 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 Andropogon gayanus in 
association (right) have a high potential for animal production. 

"4'a
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infertile soils and are also disease-free and 
persistent. 

The primary research site for this ecosystem is 

at CPAC iz Brasilia, Brazil. At this site, germplasm 
is selected for two different soils: the dark red 
latosol and the red-yellow 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 ecosystem. Currently, six 

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

son at that time persisted for the 4 years of the 

experiment. These were S. capitata CIAT 1019, 
1078, and 1097, S. guianensis "tardio" CIAT 2243, 
and S. macrocephala CIAT 1582. 

During 1981-1982, a new series of agronomic 
evaluations of legumes tinder grazing was 
initiated, and the methodology was adapted to 
allow for intermittent grazinig in both the wet and 
dr season at two stocking 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 
(left) and in the Amazonian region. 
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Manual harvesting of legumes on seed­
production plots. Multiplication of basic 

seed is required for CIA T's research and for 
collaborating national programs. 

legumes were sown Wth A. gavanws CIAT 621 
cv. Planallina. These were S. macrocephala
 
CIAT 1582 and 10138 (both controls),
 
S. macrocephala CIAT 2039 and 2053, Z. latifolia 
CIAT 728 icontroll, Z. hrasiliensisCIAT 7485 and 
8025, and] C. macrocarpurnCIAT 5065. 

Evaluation of Grass Germplasm 
The evaluation of ive grasses initiated in 
1978-1979 was terminated in 1981-1982 after four 
seasons. Drn-matter yields of A. gavanusCIAT 621 
cv. Planaltina, I. decumbens cv. Basilisk, Panicunm 
nmaximum cv'. Guinezhinho, B. rnziziensis,and demonstrated resistance to the insect, whereas 
B. humidicola were 4725 kg/ha, 2954 kg/ha, te srsceptible aiety . decumbens undergoes 
2428 kg/ha, 2262 kg/ha, and 1711 kg/ha,

respectively. This again demonstrated the high large losses. Currently, a variety of pasture
germplasm is being tested in different ecosystems
producti~ity of the alread' released Andropogon in Brazil, Colombia, Ecuador, Panama, anti Peru.in the Cerrados environment. In August 1983, cooperative research will begin 

between CPATU (Cent() de Pesquisd AgropecuariaPlant Diseases and Pests do Tr6pico Umido/EMBRAPA, Brazil, and CIAT to 
integrate research efforts to solve this problem. 

Centrosema spp. have fewer diseases and lower 
disease levels in the Cerrados than in the Llanos. Pasture Development 
No major diseases have been identified as yet. 

of the four diseases detected on Stylosanthes Soil fertility is also a major constraint to legume­
spl). in the Cerrados ecosystem, anthracnose is based pasture establishment in the Cvrrados. 
the most important, especially for S. capitata anti Whie the amount of applied fertilizer (canbe 
S. guiianensis.Afler 2 years of evaluation, 48,1, of the reduced, some minimum level must Ile applied to 
S. guianrensis"tardio" accessions were found to obtain reasonable establishment and productihity. 
have only few anthracnose symptcms, with CIAT Although new genetic pasture material has been 
2243 being the most resistant accession. In selected fIr its ability to grow well under 
cont'ast, CIAT 2243 is highly susceptible to conditions of low levels of phosphorus and high 
anthincmjose in the tianos ecosyslem. levels of acidity, in the Cerrados region, where 

Of live diseases chleect on Zornin spp. in the commercial agriculture has introduced high levels 
Cerados, the %irus-fulgUscomllex is the major of fti-tilizers, the respoinse of forage gerniplasmn to 
one. Most a ccessions of two-leatlet Zornia spp. higher soil thrtility levels must also be taken into 
under evaluation wer~e i1ochileralely to severely account. (Figun 4). 
affecle by this disase,. Tll use of phosphate rock is considered an 

Research continues on improing rn Istance to attractive option for l)asture establishment, 
spittlebug attack, the most imlortant pest on espiecially since abundant lhosl)hale rock 
grasses in the Cerrados. To date, A. gavanushas demsil,' ",ve ieen identitied in several parts of 
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Figure 4. Response of Panicum maximum Makueni (commercial variety) and Andropogon gayanus CIAT 
621 to fertilization with phosphorus and lime. CIA T 621 showed significantly higher yields with and 
without lime applications at lower levels of applied phosphorus. 

Brazil. Results obtained with Araxa phosphate 
rock applied at rates of,52 and 105 of total Pper 
kg/ha showed that this natural source compares 
well with equal levels of phosphorus applied as 
triple superphospliale, especially when no lime 
was added. 

Experiments designed I,)assess the resl)onse of 
promising legume species to selected 
combinations of P levels and dolomitic lime 
shoved that all five forage legumes tested were 
highly responsive to applied phoslphorus, despite 
the fact that they were selected under low levels 
of applied P. Ieactions to lime ap)lications were 
found to )e somewhat species-specific. In general, 
however, legumes were fountd to respond 
positively to lime a)plications up io 120 kg/ha. 
Above this level, drv-malteryield of most legume 
species decreased, thus pointing to the potential 
disadvantages involved in applying high levels of 
lime. 

Pasture Evaluation 

In 1982, the evaluation of two large-scale grazing 
trials with tile associations A. ga*yanus/S. scabr-a 
cv. Seca and B. niziziensis"C(ilnogoniwn 
inucutnihs was continued. In both associations, 
as expected, the animals lost weight during the 
long diy season. Howe%er, due to poor health of 
the animals, livmveight gains during the rainy 
season wen- less than previous years, averaging 
only 340 grams/day. 

In 1982, for the first time, four in situ-selected, 
highly promising St.hvaointhes accessions 
(S.capilata (1A'F 1019 and 1097, 
S.guianwnsis "tardio" CIAT 2243, and 
S.macrocephala CIAT 1582) were advanced to 
large-scale grazing trials. They were each sown in 
association with A. gayanus. S. capilata CIAT 1097 
was also sown in association with B. ruziziensis as 
a control. 
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Fistulated animals in relative preference trials among legumes. CIA T is in the 
process of domesticating wild materials and evaluating their potential as new 

Pasture Utilization and Herd 
Management 

Results ol,ained over a period of4%,earsfrom 
experiments in which the effects of the strategic 
use of impro,'ed pastures and early weaning on 
the reproductive performance of breeding cows 

germplasm by the animals' grazing preferences. 

, bing evalated.eI ipolectSof'early weanling occurred ill Ohe treatnllent %%ith 

a90-dcay Mating season an( the use of ilproVed 
pastures. After 4 y'ears, cows that had their calves 
removedlal3 months of age have an average 
annual calf crop ot83";,,which is 26', greater than 
that obtained in cows that have their calves 
removed at 5 months 166"1'.1, 

Associated Research on
 
Pasture Improvement
 

Forage Breeding 
The Programs research strategy is primarily based 
on the natural variahility encountered in the 
multi tude of genera and species availalble in the 
gerniplasm bank. Ilowever, when a fiew highl' 
promising materials ha'e been identified from Ihe 
thousands of accessions that entel Ihe 
progressively more restrictive evalualion, it is often 
cesirable to further iinprove these materials for 
Speific traits trilough breecling anti selection. 

A second full year's data were obtained fi'om a 
genetic study of'Andropogor garanusCIAT 621 to 
cuantit, the magnitude of'genetic variability in 

this accession for a series ofagronomic traits. 
Heritability estimates for most traits are 
sufliciently large that motlerate to high rates of 
response to selection could1(he expected. 

'rhe principal aim of the Centrosetna breeding 
project is to produce a type '"'.. pulwscetiswilh 
the capacit*%to grow and 1jej. t in acil ()xisols in 
combination with a grass Und "grazing with 
'elativel low i~ritilizer application. In recent years, 
most of thei!breeding work in entro.seniairhas 
colcentrated on selecting fron sI€tccessive 
populations resulting fi"iloa crosSS between 
C.inacrovarpunm C.I"T5062 and C.pnibescens 
CIAT 5t152. F, lines now availablle will be evaluated 

http:evalated.eI


In developing solutions to fertility 
problems, the emphasis is on low-cost 
alternatives to commercially available inputs. 
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in regional trials throughout the forest this purpose than the traditionally used sterile 
ecosystems, sand and nutrient solution where it is difficult to 

The aim of breeding Stvlosanthes capitata is to simulate stress conditions for plant growth and 

combine the best characleistics (i.e., high dry nitrogern fixation and Hiere are no native 
matter and seel yields, and tolerance to Ilhizohiurm strains to compete with the inoculated 
anthracnose, slemhorer, drought,and grazing) of strain for nodule sites. 
tile parents CIAT 1019, 1078, and 1097. Results With the inoculation of legc'nes with selected 
firom the evaluation of Ihe 1'are being evaluated strains of Illhizobium and with undisturbed soil 
together with the hest-seeded accessions. cores firom Carimagua, nitrogen yields in the tops 

inthe regional tials netw'ork, the "tardio" type of Centrosenaspp., D. canum,D. hetemrphyllum, 
of S.guliarn osis has I)rocd'eCt to have o~ttstanding and !'.t seoloides were more than double the 
.el0( i)orletial, paitiClarly in tIh(i season. yields of their controls. Increases due to 
Hlwever, the vast majority of S. guiajensis, both 
"Co11uion" and "taldio" tlypes, fleihd to survive at 

inoculation of D.nvalfolium were less marked; 

(lariilni a,where alllhra(cno(se I)lre 5s ure is more 

intense, due to a longer histoly ofgrowing Yield of tops 
S. guialensis illthis site. 'Thea(cessiolns that (mgN/core) 

have'(! iptersist('dlat Ca ilagil ia latei,ll;loweirg and 

low seed vieldetrs. The ])liclweilng project for this• 

species seeks to3 hlvelhI 1iwrsistent ge lot lypes 40 
Control: no inoculationort ertililation] With N fertilization 

with im pro'edl pesl and disiease r-si sta lice and With inoculation 

seed yields. lhI riivic is €liItin hd h ot lhIito the 

I lalos and lhe(em1ealos (eisyst 'll I", se(€l of3 

Ciilisses made in 1981 is ah',adcly availableh. The F 

lproglnie's ai expvcll 1h)lrod'eial exItrl ely 
withe range o(fgeneti( variation. 

20 

Rhizobium and Nitrogen 
Technology 10 

ILasi -­ail,'itwas irlolrl(€l that using disturibed 

!ilmto screeni Ilhizohlilln strains inmlpairs the 
sCieeening lirolss. Wh't~nll te soil is distlred,. 

0 

Cr'nttoema Desmodium Desmodium Pueraria 
rilrogeni is rl'leasd I', illi lieralization of tlit 
organic matter, Ihlls illtei'irting with Ilizflhioill 

,rarrcrarpum 
(iAT 5065 

canum 
CIAT 3005 

heterophylum phaleoloides 
CIAT,349 CIAT 990 

efleclivelless. The results front fitlhler strail - Treatment 

screening ttialS ill 1182 confh1rnied that the _ 

itlhod of Ltndlisltlli)ecl soil cOleS c:alnIhused t) Figure5. *,heinoculation of various legumes with 
select Ilhizohijm slrains that a'e etfeclive ill acid, Rhizobium strains greatly increased their 
infeirtile soils in the pll-esnlc oiialiop)ulationill' nitrogen-fixing capacity. Some accessions even 
native Itlhidobllill strailS. I appears that 
undistulbed soil cores are note aplroplte Itir 

fixed more nitrogen when inoculated than when 
N was applied as fertilizer. 
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Potassium feldspars are native minerals that 
present an interesting alternative as 

fertilizer, lying within CIA T's concept of 
using low-cost inputs for the acid, infertilesoils. 

however, D.ovalifolium s response to nitrogen 
fertilization was considerable, suggesting that
 
more Rhizobium strains and ecotypes of this
 
legume should be screened (Figure 5).


Field experiments in Carimagua confirmed that
 
strains selected in undisturbed soil cores i an
 
also function during pasture establishme, in the
 
field. However, the response to these strains
 
is affected by soil type and tillage method.
 

In an attempt to take advantage of soil
 
nitrification caused by disturbance, studi,3s
 
conducted in 1982 indicate that native savanna
 
contains an inactive population of nitrifying

microorganisms, which may be activated by soil 
 use of pasture legumes, which, through
disturbance; however, this activity does not begin atmospheric fixation, contribute nitrogen to the

immediately-in some cases, taking over a 
 pasture system. In the case of phosphorus, the
month-but it may continue for over ayear after Program seeks to exploit the availability of largeinitial disturbance. The nitrogen thus produced rock phosphate deposits throughout Latin
could provide a significant impetus for plant America. This relatively inexpensive source of

growth, even if the plants were legumes. phosphorus is highly effective in the ecosystems


The responses to inoculation and levels of 
 in which the Program works as the natural aciditynitrogen mineralization observed suggest that interacts with the rock phosphate to make the

there is considerable potential for managing both phosphate available to the plants. As mentioned
 
processes in order to increase nitrogen yield in 
 in earlier Reports, CIAT is host to a special project

pastures or pasture/crop combinations, activity of the International Fertilizer Development
 

Center (IFDC), which focuses on the development

Alternative Sources of of technology for the effective use of rock
 

phosphate in the management of differint ,=ops,
Potassium with special emphasis cn tropical pastures. 
Now, CIAT has reported that there areThe low-input strategy adopted by the Tropical indications that feldsp:r, one of the basic

Pastures Program implies the use of plant constituents of igneous rock, could do for
materials that are adapted to the soil chemical potassium fertilization what rock phosphate is
constraints, such as acidity and low soil fertility. doing for phosphorus fertilization. Feldspar
For the establishment and maintenance of the deposits are numerous in the region. In Colombia 
new pasture technology, however, some minimum alone, more than 20 such deposits have beenfertilizer must be applied. Commercially available identified. There is great variability in terms of the 
fertilizcr inputs often are inappropriate due to potassium content of these feldspar deposits, with
economic or agronomic considerations. Hence, in a range of at least 5 to 11% of potassium.
developing solutions to the fertility problems, the Preliminary greenhouse experiments with
Program emphasizes low-cost alternatives to different sources of feldspar showed that the
commercially available inputs. agronomic effectiveness of potassium derivedI- the rase of nitrogen, emphasis is put on the from feldspar can replace potassium applied in 
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' 	 saIv....ia regions of Brazil and Venezuela, are 
considered largely responsible for the, fact [hat 
imlproved1pastures make uI) 30 awl 20%, 
respectively, of the land ara illthese two 
C(ounllies.While the (,omposition of the herds in 

= the three areas studid was similar, with 
emphasis oil cow-cal operations, )ri(orities 
assigned to lifferent Ilinlal ('ategolieS Were found 
to vary from county to ,ountr,. In all (ases, 
however, it was found that, on the average, the 
first calf is not conceived until the cow is al)out 3 

A close interaction between graduates years old; thereafter, the reproductive lift of the 
from national programs and scientists from cow is very short. In general, aninal productivity 
the Tropical Pastures Program is essential was found to be low, with average liveweight gains 
for an effective tr insfer of experimental registering between 50 and(65 kg/aninal and 12 
techniques and cf technology. and 32 kg/ha peryear. 

chloride form. A the latter is a soluble fertilizer The sur.ev confirmed earlier ili(atiols that 

%%itl1only atlitnlid residual affect, feldspar rock the low nutritional v'alhe of the (forage is the 
primary constraint to increased cattle production

could have a long Ivsilual effect. Nevertheless, in these e ,frns. While the ntritional (leticit in 
tile sav'annas of Colomia and 'naleztfla is

considerable additional field research, especially 
v ar, in

of tile long-term tvv. is neded to definitively 	 psent at similar levels throughut the 

tile Brazilian Cerrados a larticgularly nlar edi
confirmn the potential utility of feldspar rock as a 

(ring Ilth(t lr e 'is(n.
potassium soure for the new pasture technoloky deficit occurs s i 

ao trary t erin 	 Colo 
inthe acid, infertile soils of Latin America. Contrar'y to earlier expe(lions, ill Colombia no 

significant variations in hiological or econoni(
Survey of Cattle Production productity of farms was Found that could N! 
Systems in the Savannas ascril)ed t,different technologies already in use. 

On the other hand,illBrazil and \'entz'uela the 
In 1982. Phase Iwas concluded of the Techni(al use of improved lastire!' together with other 
ani Economic Evahnatidn of Cattle Production crops, offers a viable option for the intensifc(at ')n 
Systems fETES, a strey of the systems in use in of cattle )roduction. Of particular interest in t' 
the savannas of Brazil, Colombia, and Venezuela. case of these two countries was the finding that a 
This surve vwas made possible through a special crop-pasture rotation can significantly contihute 

proiet funded by the German Agency for to the improvement and maintenance 
Technical Cooperation (GTZ). The study found of soil fertility, reduce risks, and increase the 
that in all three countries suneyed, the savannas protitability of the operation. 
supporting cattle production are highly acid 1pH 
of 4 to 5)and deficient in phosphorus. The Evaluation of Improved Pastures 
aluminum saturation in the llanos of Colombia is 
very high 180-90%), but it is much lower in the Phase Ii of ETES is designed to evaluate the effe(l 
other regions surveyed 125-35%). This latter fact, of tile introduction of improved pastures and 
and the well-developed infrastructure in the associated production technology on farm 
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Many national institutions collaborate with
 
CIAT in a series of regional evaluations of
 

legume and grass accessions.
 

proJuctivity. Seven farms in the Colombian Llanos savannas of tropical America: these are the 
were chosen for this evaluation; improved incidence of t'cks and the occurrence of 
pastures were establis' .1 197.. Partially photosensitization. 
available results from one representative farm A survey of tick counts on animals grazing sown 
indicate that, starting in late 1979 when the new grasses and savanna has shown that increasing
 
pastures could gradually be used, the number of socking rates is associated wilh higher levels of
 
breeding cows had increased by more than 20% in tick infestation, but differences exist between
 
April of 1982, and the average liveweight had improved grasses in the population of larvae
 
increas-rd from 250 to 300 kg/animal. The birth maintained in the paddock. Thus, a tall grass such
 
rate has increat-:d by about 7%, with a as A. gavanus hosts less h,rvae, and animals are
 
corresponding decrease in the interval be'ween 
 less affected by ticks than in B.decumbens. It 
calvings; average calf weights at weaning have appears that preventive schemes will have to be 
increased by 20 kg/calf. A preliminary analysis of designed, considering 3uch fac(irs as forage 
the marginal profitability of this operation species and pasture management. 
suggests significantly higher returns of this Photosensitization, a syndrome leading tb 
alternative over the traditional operation. severe weight loss and eventual death, occurs in 

A 4-year experiment on.the management of animals grazing "I.decumbens.A survey made in 
breeding herds was concluded in 1982. It the piedmont region of the Llanos of Colombia 
provided cear evidence of the importance of showed that the disease was present in 40 o ' the 
improved pastures in weight recuperation of 50 farms sampled, affecting 5%of the animal 
lactating cows to permit successful reconception. population and leading to death In 30% of the 
Other long-term herd experiments with such cases reported. Experiments in Quilichao gave 
promising associations as A. gayvanus/P, phaseo- evidence that the spores produced by the 
Ioides and B. hurnidicola/D ovalifoliumare saprophytic fungus PI:llomvces chartarni were 
underway and will he reported in the near future. the causative agent (if the disease. It was also 

established that the subclinical presence of theAnimal Health disease can be detected -y asimple blood test, 
and that the application of zinc as pasture 

Two major sanitary problems are associated with fertilizer may decrease disease incidence in the 
the intensification of animal prnduction in the animal. 

International Activities 
Tropical Pastures cooperation with national institutions. Four types 

of regional trials are included. Types A and B refer 
Evaluadon Network to agronomic trials in which germplasm 

materials are evaluated lbr their adaptation to
The International Network for the Evaluation of climate, soil, pests, and diseases. The principal 
Tropical Pastures (lIIEPT, Red internacional de difference between Types A and B is that, in the 
Evaluacion de PastosTropicales)is conducted by former, large numbers of entries are evaluated in a 
the Tropical Pastures Program in close few representative sites within each of the 
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Regional trials C and D have been establishedin different localitieswithin the 
international tropical pastures network. Trials under grazing are being conducted 
in Yurimaguas, Peru, by INIPA, for instance. 

vcosyslms of*interest, whereas, ill till latter, the( 

hest svlvc. ti oils are evalunated inl as mail%sites as 

po~ssileh %%ihinleac~h ,cosser. 

"l)p C regional trials e\'alluate, in small plots the 
Ip rs is --l v lce o f S el c t e dcgx'a s s , h !gg a ss o c'iatio n s"u nlle 

tucder intensive mob grazing. The objectlive (0 

Tl,vp I) regional trials is to evalute the 

pr'oduction anti produc'tiity of the two corthree 
best pastures from Type C trials in te:rms of 

li\ eweight gain anti milk ilrluCtLCion, 

At th(e ndl of 1.82 12 "lype A ancd 36 Tpe B 

regional trials were illplace illthe(fix'e ecosystems 
of interest to the Program. The first regional trials 

Typle~s C anc] D are,(plannedl for testing in Brazil, 

Ec€uador, and Panama in mic1-1983. 

A wvealth of information on the performance of 

numeots gernplasm accessions is alreadly 

available. lInformation is fed into the research 

pr'ocess s it bc'onles availabl. 
inl1.982 regional trials in tropical forests 

ecosystemis, earlier indications were confirmed 

that nany of the grass and legume accessions 

found to perform well in the savanna ecosystems 

also produce well in the tropical forest 

ecosvsems. Particularly promising accessions 

identified for the tropical forests -e, anng 

grasses, A. g;anusCIA.T 60t54, 6053, and 621, and, 

among legumes C. inacrocarpufnCIAT 5065, 

C. pubescensCIAT 438, and S. guianensis 

CIAT 136 and 184. 

M a n p w e r e v e lo pm e n t 

Mutual c'ollabonration b~etween national 

agriculttual researc~h instifttions and CIAT is 
necessary, fr the validlation and transfer of 

technology developed for tropical pastures. 

During thle period 1970-1982 a total of"467 

professionals fr'om 18 countries in tropical 
Ameri['athave completedl intensive training inl 

production of tropical pastures. fin 1982, 
43 profe6ssionals front12 Countries participated 

in training at CIAT. 
Most of"these people continue to work with 

CIAT thrughn the Tropical Pastures Evaluation 

Ntwork and the Regional Trials Network. 
The secoo~d meeting of the RIEPTr 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 me~eting, the advances and results of regional 

trials A and 11were analy~zed, and in the second, 

methodologies fr Tjype C regional trials were 

discussed. 
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Milking of "dual-purpose" cows isan alternative that has implications for farm 
economy and for nutrition of the small farmer's family. 

The quarterly Tropical Pastures Newsletter, and the Abstracts Journal is sent to 600
 
published in Spanish, reaches an audience of 900, subscribers.
 

Journal ALticles and Paper Presentations 

Ashby, J.A. 1982a. Farmer field preparation and tillage practices: implications for fertilizer testing and evaluation. Soil and Tillage 
Research Vol. 2.
 

1982b. Research in Latin America is uncovering an Inexpensive source of phosphorus fertilizer. IDRC Reports 10418-19.
 
1982c. Strengths of anthropology and related social sciences, In: the role of anthropologists and other social scientists in
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12(11:110-126. 
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The Seed Unit collaborates with 
national enterprises to accelerate the use of 
good-quality seed of improved varieties. 

94­
he fourth year of operation of the Seed Unit 

nhas 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; 
* 	 Strengthen the seed programs and seed 

enStimlatepised routhnia c botios 
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 commodity programs 
of CIAT and assists in development-oriented 
activities to accelerate the growth of in-country 
seed programs ardenterprises. 

Increasing Competence of 

Seed Technologists 

The Seed Unit's first priority continues to be to 
increase the number and competence of seed 
technologists by manpower development through 
multidisciplinary and advanced courses, in-senice 

training, M.S. degree thesis programs, in-counirv 
training, and workshops. Since 1978, tie annual 
number of course offerings has been progressively 
increasing (Figure IR 

In 1982, two basic, multidisciplinary, post­
graduate courses in Seed Technology were held 
at CIAT, overing various aspects of seed 
production, conditioning, quality control at the 
field and lalbora-:,, level, and marketing, 
combined %ilhdi lscussions of seed program and 
enterprise development and management. These 
courses haveIbeen the l)asis for seed manpower 
development in the region since 1978. Beans, 

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

The first advanced postgraduate course in Seed 
Conditinning was held in 1982, with the topics of 

seed drying, conditioning, and storage for plant 

managers. The 29 participants 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 

Tralnes (no.) 
100 

Visiting seed technologists 

80n 
Visiting researchers-

Short course participans 

40 

20 

0 	 1978 1979 190 1981 1982 

Year 

Figure 1. Number of participants who have 
completed training at the Seed Unit from 1978 
to 1982. 
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Continuous purity analyses are conducted 
by the Seed Unit to provide natioa 

programs and commercial enterprises with 

.';; 
tX'l _ 

seed of the best quality. 

, )4 

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 ofbeans, rice, maize, and 
sorghum, and planting material ot cassava and 
potato, and practical suggestions were offered bythe participants. Increased on-farm evaluation of orsesin1 and1; the9 Colombinorganizations handled their own training. During 

crop varieties was stressed as a means to help 
1982, the Seed Unit assisted in Seed Technologycourses organized and held In Cuba and Panama. 

assure that materials acceptable to small farmers Both countries had earlier sent participants to 
are introduced into regional development plans. CIAT especially to prepare them to organize theirBecause of the logistical problems of reachingBeausmlfm the needstifo progrms o evg own courses. In addition, assistance was given toseed production among selected small farmers, or a regional seed testing course that was conductedgroups of them, as a business was emphasized, in Costa Rica and cosponsored by thegroups oed the als assins wasihsized. International Seed Testing Association and theThe Seed Unit also assisted with in-service University of Costa Rica. 
training for the three Bean Program trainees on It is expected that more countries will develop a
seed production, and two master candidates are total seed training plan and incorporate increased
currently completing their research at CIAT in in-county training into their pograms. As this 
varietal description of rice and beans, after h n s trai ni t wir provide th i sconcluding their coursework at the National happens, the Sced Unit will provide the kind ofassistance desired, ranging from helping withUniversity of Colombia and the Federal University compiling training materials to organizing andof Pelotas, Brazil. c gtannm ii aei l oog nzn nThrough training, the Seed Unit collaborated conducting a course in cooperation with nationalThrh raioninsttuteonSeed nit collabo s leaders. The Unit also cooperates with otherwith 59 national institutions and seed enterprises international and bilateral agencies interested ininseed training at the country level. 

For many years, FAO and Mississippi State 
University have assisted in in-county training 
courses. Although the Seed Unit's greatest Technical Collaboration 
comparative advantage is in regional training at in Support of Seed Development
CLALT, countries are requesting varying kinds of 
help in their own in-country training. For Technical collaboration with national programs
example, the Seed Unit cooperated with ICA, has concentrated on personal follow-up contacts
ACOSEMILLAS, and CRESEMILILAS in Colombian with former trainees; review of alternative policies 



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

Participants 
Country

96 
(no.) Institution/enterprise 

Latin America and 

the Caribbean 
Argentina 2 Universidad Nacional de C6r-

doba; Universidad Nacional 
de Buenos Aires. 

Belize 2 Department of Agriculture. 
Bolivia 5 CIAT Bolivia; Empresa de 

Semillas SEFO; Instituto Boli-
viano de Tecnologia Agrope-
cuaria (IBTA); Ministerio de 
Asiintos Campesinos y 
Agrarios. 

Brazil 12 Empresa Brasileira de Pesquisa 
Agropecuaria (EMBRAPA); 
Universidad de Pelotas; Dele-
gaci6n Federal de Agricultura 
Bahia; Cooperativa Regional 
Triticola; Associa(ao Goiana 
dos Produtores de Sementes 
(AGROSEM); Sementes Agro-
ceres; Coordenadoria de Assis-
tencia Tftnica Integral (CATI); 
MAquinas Vitoria; Instituto de 
Zootecnia. 

Colombia 12 Instituto Colombiano Agro-
pecuario (ICA); Federaci6n Na-
cionaldeArrocerosdeColom-
bia (FEDEARROZ); Procesa-
dora Agrfcola Colombiana 
(PROACOL); Universidad del 
Valle; Instituto Polit~cnico; 
Universidad Nacional de Co-
lombia. 

Costa Rica 5 Consejo Nacional de Produc-
ci6n; Comisi6n Nacional de 
Semillas; Centro para la Inves-
tigaci6n en Granos y Semillas 
(CIGRAS). 

Dominican 6 Secretaria de Estado de Agri-
Republic cultura; Productora de Semi-

Ilas; Centro de Investigaciones 
Arroceras (CEIDA). 

Ecuador 4 Compailia Mixta de Semillas; 
Instituto Nacional de Investi-
gaciones Agropecuarias 
(INIAP): Programa Nacional 
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 

Country 

El Salvador 

Guatemala 

Guyana 

Honduras 
Jamaica 
Mexico 

Nicaragua 

PanamSI 

Paraguay 
Peru 

Suriname 
Trinidad and 
Tobago 

Uruguay 

Venezuela 

Africa 
Kenya 

Egypt 

Asia 
Nepal 

Turkey 

Thailand 


Participants 
(no.) 

1 

2 

2 

3 
2 
1 

4 

2 

1 
2 

1 
5 

1 

2 

1 

2 

1 

1 
1 

Institution/enterprise 

Instituto Salvadoreflo de In­
vestigaci6n Agropecuaria 
(ISIAP). 
Instituto de Ciencia y Tecno­
ogfa Agrfcola (ICTA); Uni­

versidad de San Carlos.
 
Ministry of Agriculture; Gu­
yana Rice Board.
 
Ministry of Natural Resources.
 
Ministry of Agriculture.
 
Escuela de Posgraduados de
 
Chapingo.
 
Empresa Procesadora de Semi-

Ilas (EMPROSEM); Comit6 Na­
cional de Semillas; Univer­
sidad Nacional Aut6noma.
 
Comit6 Narional de Semillas;
 
Ministeriode DesarrolloAgro­
pecuario (MIDA).
 
AGRIEX Sucursal Paraguay.
 
Ministry of Agriculture; Uni­
versidad Nacional de San Cris­
t6bal. 
Ministry of Agriculture. 
Ministry of Agriculture; Carib­
bean Agricultural Research 
and Development Institute 
(CARDI); University of West 
Indies. 
Cooperativa Agropecuaria 
La Dolores. 
Fondo Nacional de Investiga­
ciones Agropecuarias 
(FONAIAP); Productora de Se­
millas Porluguesa. 

National Seed Quality Control
 
Service.
 
Crop Research Institute.
 

Agricultural Inputs
 
Corporation.
 
Ministry of Agriculture.
 
Ministry of Agriculture.
 

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 



97 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 
Committee is developing a plart 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 from 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 last 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, conc;i­
tioning, storage, quality control, and distribution 
of seed. A rotating fund has been established to 
cover the expenditure.a and receive income for 
these activities, with the objective that CIAT's seed 
production operate on a self-financed basis Seed 
growing is arranged through the Statio--
Operations Unit at Palmira or Quilichao; on land 
on the CIAT farm used by the Seed Unit for 

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 lines 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.
 

Improvements were made in the seed drying
 
andconditioningfacility, an( hebagdryingunitbecame
 
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 Panicummaximum and Brachiariadecumbens.
 
These samples have been offered to key
 
laboratories 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 quarterly Seed Nettletterwassent to a total 
of 1500 organizations and interested people in 
1982. 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 
receiving seed 

produced 
(kg) , , 

sold 
(kg)h 

98 
Beans 14,126c 4,146 
Argentina 
BAT 58, BAT 271, BAT 304, 
A 211, A 231, A 235, DOR 41 

Colombia 
ICA-llanogrande 

Costa Rica 
Chorotega, Huetar, BAT 41, 

BAT 76, BAT 304 
HondluasDeeo 
Copan 

Rice 108,650d 59,450. 
Colombia 

CICA 7, CICA 8, CICA 9, 

CICA 4, IR 22, Oryzica 1 

Pastures 3,209e 1,525 
Venezuela 
Andropogon gayanus

Pert) 

Stylosanthes gunanensis 110 83 

a. Weight of seed uncleaned and with moisture,
b. 	 Seed cleaned and dried to 12% moisture.b. Seednclened6,500klan ed tor1Argmeisturachievement
c. 	 Includes 6,500 kg planned for Argentina. 

d. 	 Includes 24,800 kg held for ICA and 4,000 kg planned for 
Panama. 

e. 	 Includes 2,796 kg condit.oned and 413 kg not conditioned, 

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 lADS book 
Successful Seed Programs: A Planning and 
Management Guide was published to support 

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

Research and evelopment
m n

Seed Technology Production 
and Distribution Problems 
Theses research ptojects on environmental-variety 

interaction are now underway and will assist in 
defining characters to use in describing rice and 
bean 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 bnth within 

and outside of Latin America and the Caribbean 
have contributed to courses, workshops, and the 

of the Unit's objectives. Among these 

are ICA, Colombia; EMBRAPA, Brazil; various seed 
firms and Mississippi State University with 
assistance from USAID. Special recognition also 

goes to the Swiss Development Cooperation who 
financially supported most of these activities and 
made the Seed Unit 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 to 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 
ofbetter varieties in the region. 
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A sa center for both research and training 

CIAT fosters a strong educational 
component for technology transfer to 
complement its technology generation and 

manpower development, 

Scientific 

Training and Conferences 
Manpower development through intensive group 
courses and individual intcrnships remains the 

principal means through which CIAT collaborates 
with national programs to increase their capacity 
to conduct research in support of the 
commodities for which CIAT is mandated. 

This postgraduate training takes the following 
forms: 

Intensive courses on production research for 

the CIAT commodities; 
" Internships on a specialized aspect of any of 

the CIAT commodities; 
" Thesis internships for M.S. and Ph.D. students. 

" 

In 1982, 237 professionals from 33 countries 
received training at CIAT (Table 1). The length of 

internships ranged from I to 12 months, with an 

average of 3.5. 
Reflecting CIAT's close working relationships 

with collaborating institutions in Latin America 

and the Caribbean, as well as for reasons of 
proximity, fully Do. of all training participants 
come from this region. The number of 

representatives from each country is shown in 

Figure 1. 
Some three-fourths of the training participants 

received commodity-based, nonnlegree-relatecl 

training. Most of these inlividuals participated in 

one of the nine intensive short courses (of4 to 12 

weeks duration) offered by CIAT in 1982. 
Expanding on a practice that has proved to be 

very successful in the last fiew years, after 
completing their participation in the formal 

courses, about 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 future, 
increasing emphasis can be placed on relatively 
long-term (especially degree-related) CIAT training 
to assist national institutions in their efforts to 
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 varieties in 

several collaborating countries, in 1982 CIAT again 

increased its efforts to provide assistance to in­

country courses on the production of 

commodities in the Center's mandate. Typically, 
these courses are intended to help bridge the gap 

between research and extension and are aimed at 

personnel from both research and extension 
organizations. The courses are organized and 

conducted by collaborating national programs. 
CIAT's role is to provide organizational and 
technical assistance until such time that national 

programs are in a position to continuLe with the 

courses by themselves. In 1982, CIAT provided 
assistance to 14 in-country courses (eight in beans, 

two in rice, two in cassava, anti two in seeds) in 

eight countries: Brazil, Colombia, Costa Rica, 
Cuba, Dominican Republic, Haiti, Honduras, anl 
Nicaragua. 

Twelve conlferences-inclding workshops, 
seminars, and meetings-were held or 
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Table 1.Professionals trained at CIAT in 1982, by training category in each commodity and 
support unit. 

Visiting 
research 

associates 
Ph.D. Non-

Program or unit thesis thesis 

Commodity programs 
Beans 5 1 

Cassava 3 1 

Rice 
Tropical Pastures 6 5 


Total commodity programs 14 7 


Support units and others
 
Audiotutorial production 

Laboratory management 1 

Seed production and
 
technology 


Stations operation
 
management 


Total support units
 
and others 1 


Total 14 8 


cosponsore l )y CIA'I in 1982 to help in the 
exclia nge of knowledge and agreement of 
strategies in CIAT's comnodily-research networks. 
Other noncomnodity-specific conferences 
reviewed the state of the art in specific research 
lields. In addition, six major conferences were 
hlld in CIA'I"s fI.lcilities, sponsored by various 
Colmbian institutions. 

CIAIs extensive anl persistant training efforts 
have proved to be inshfuinental in Ihe successful 
creation anll( operation of tlhe international 
cCmmodnity research networks in beans, cassava, 
rice lin tlalin Americal, and tropical pastures, 
These network activilies are cescribed in detail in 
each of the progran chapjters in tiis report. 

Commu nication 
and Information 

The proc:ess of mutual interchange of information 
related to research also plays an integral role in 

Trainees (no.) 

Visiting researchers
 
Speciali­

zation plus Intensive
 
M.S. Speciali- intensive course Program 
thesis zation course participants subtotals 

10 7 11 9 43
 
2 17 11 5 39
 
3 1 12 3 19
 
8 13 14 2 49
 

23 38 
 48 19 149
 

4 2 75 81
 
1
 

4 2 75 81
 

2 2
 

10 2 75 88
 

23 48 50 94 237
 

technology development and transfer. CIA'r's
 
strong communication and informalion support
 
component is illustratedlby Ihe large numiber and
 
high quality of publications anl aucliovisuals/
 
audiolutorials produced and distilbuted over the
 
years and by [he increasing emphasis on
 
professional documentation services.
 

Publications range from quarterly newsletters
 
that furnish up-to-date information about
 
activities in each of CIAT's commodities and ile
 
Seed Unit; through network-based pli blica tions of
 
research clata (e.g., the IIIVAN resultsl; through
 
manuals of guidelines for network collaborators;
 
to monographs and hooks of research results.
 
Each program also provides free ofcharge to
 
nelwark collaborators it's Annual Report.
 
Beginning in 1982, a quarterly newslelter will
 
broad informalion oi all of CIAT's aclivities is also
 
produced and distribuled tinder the title of CM/T 
IlnernationaL 

Documentation semices provide to subscribers 



West Germany (4) 

Holland (2) 

Belgium (2) 

M~xico (6)" -~ 013 Thailand (4) 

El Salvador (2) - Guyana (2) pt(2 doElaSalar (2) -Trinidad Tobago (5)
 
Nicaragua 112)J i - Kenya (2)
Srnam (1)1gp 2
 

.
Costa Rica (10)S-

Panama (7) Ecuador{)/ (9) Brazil (45)Nea 1 
Colombia (38) 


Peru P1)raar (4)

Urguay (1) 

Chile (2) m Argentina (2) 

gure 1. A total of 237 professionals from all over the world received trainingat CIAT during 1982. 
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CIAT's strong educational component 
assists in technology transfer and 

complements its technology generation. 

a quarterly journal ofabstracts of all papers and 
publications for each of three commodities-
beans, cassava, and tropical pastures-as well as 
monthly "pages of contents," with listings in 
several fields. 

Over the last 3 years, CIAT's Audiotutorials Unil, 
a special project financed by the Kellogg 
Foundation, has gained a wide following for the 
quality and broad scope of the study unit 
produced and distributed. In total, 99 
audiotutorial units (consisting of a study guide, 
slide show with automatically pulsec casselte 
tape, and lapescriptt have been developed at CIAT, 

providing irainees and others with an overall 
integrated picture of CIAT's research in all four 
commodities.. 

The utilization centers concept developed by 
this linit has resulted in nine centers in Bolivia, 
Chile, Colombia, Costa Rica, Cuba, Dominican 
Republic, Ecuador, Honduras, and Peru. A total of 
nine individuals from these centers received 27 
training-months in the Audiotutorials Unit and are 
now capable of producing similar materials in 
their own national organizations. 

T":e list of 1982 publications, documentation 
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 

CIA T's mandate. 

M­



CIAT 1982 Publications and Audiotutorials 

104 Serials 	 no. copies no. pages 

Commodity/Network Newsletters 
4 ea.1. Arroz del CIAT para America Latina, nos. 5, 6, 7, 8 	 1200 ea. 

15 	 900 ea. 4-0 ea.2. Hojas de Frijol para Amrnica Latina, nos. 12, 13, 14, 
4 ea.3. 	 Semillas para Amct'ica Latina, nos. 5, 6, 7, 8, 9 1100 ea. 

600 e(a. 8-12 ea.4. Yuca: Boletin Informativo, ncs. 10, 11 
ea. 8-12 ca.5. Cassava Newsletter, nos. 10, 11 	 600 

600 ea. 8-12 eait.6. Pastos r-o)icalhs: Boletin Informativo, nos. 6, 7 

Annual Reports (1981) 
1101 1041. AITOZ 
1500 1982. Bleans 
1500 2603. Cassav.'a 
1500 3024. 	 Pastos "'opicaes 
1500 3045. Tropical Paslunes 

Research Highlights 
8 eCa.1. CI.T Inlemational, Vol. 1, Nos. 1, 2 	 3500 ea. 

4500 ca. 8 ca.2. 	 CIAT Inlernacional, Vol. 1, Nos. 1, 2 
3500 1283. 	 CIAT Reporl 1982 
4511 1284. Informi CIA' 1982 

Abstracts (cumulative volumes)a 
1. 	 Abstracls on Field Beans, Vol. 6, 1981 600 276 

600 2942. Resfurnenes Analiticos sobre Frijol, Vol. 6, 1981 
600 266 
600 278 

3. Abstracts on Cassava, Vol. 7, 1981 
4. Resfimenes Analilicos sotr,.Yuca, Vol. 7, 1981 
5. Resfimenes Analiticos sobre Pastos Tropicales, Vol. 3, 1981 	 600 266 

6. Resfimenes Analilicos en Fxconomia Agricola latinoamericana, Vol. 6, 1981 	 600 290 

journals of Abstractsb 
ca.1. Abstrdcls on Field leans, Vol. 7, nos. 1-3, 1982 	 280 ea. a\'. 122 

2. 	 Resfamenes Analilicos sobre Fiiol, Vol. 7, nos. 1-3, 1982 320 ca. av. 122 ea. 
a'. I11 ca.3. Abstracts on Cassava, Vol. 8 nos. 1-3, 1982 	 300 ea. 

1-3, 1982 	 310(a. av. 111 ea.4. Resurnenes Analificos sobre Yuca, Vol. 8, nos. 
5. Resumenes Analiticas sobre Pastos Tropicales, Vol. 4, nos. 1-3, 1982 	 550 ea. it,. 126 ea. 

Pages of Contents (monthly): 
1. Agropecuaria General 	 488 ca. 34 ea. 

306 ea. 12 ea.2. Fisiologia Vegetal 
3. 	 Proteccifin de Plantas 304 ea. 18 ea. 

299 ea. 10 eCa.4. Suelos y Nutrici6n de Plantas 
5. Pastos Producci6n/Animal y Nutrici6n 	 255 ea. 20 ea. 

205 ea. 16 ca.6. Economla Agicola/Desarmllo Rural 

*yp iciamt witi ithi n,(dlflonm. 

h1,AlkltmIt1I alill. lrillg in journal form itNm! limes a yar Itgan In 1982: theni' la the 
a. YVeadi'umul tiv' , l' a 'a tinted in card ianim i le 

s.o,iid rlim and Ihe annual riinnlalit mtlm1nie'l 



10 Proceedings, Field Manuals, Technical Reports, and Monographs 

1. 	Amazonia: Agriculture and Land Use Research IS. B. lecht, ed.)
2. 	 Amazonia: Invesligaci('I sobr Agricullura y Ust, de Tilerras (S. BI.Hecht, ed.i 
:3. 	Biological Nitrogen Fixation: Technology for Tropical Agriculture


IP. 0-alham and S. C. Harris, eds.1 

4. 	 Chlorolic Mottle of Beans II'hasths vuulgai s I.i W. LI.Jayasinghe, ed.)
5. 	 Progamas de Semillas: Guia it, Illaneacin(i y Mani-t. UJ.E. Douglas, ed.)
6. 	 l'I()tcedings of the Fillh International Conference ot Plant Pathogenic


Bacteria IU.C. IA)Zaitno edl.) 

7. 	 Primer Taller talinioa ricano sil(l[ Intercamibio de (ermoplasma

de Papa y VLuca- ---M ioias 1W. IF. Hoca, C. II. Ilershey, and 0. S. Malamud, eds.)
8. 	 I'rti)lemas de Campo en los Cull|ios de I"Fijol en An16irica Latina IC.Cardona,C. A. Flor. F. J. Morales, andiM. A. astoi-Corrales, eds.)
9. 	 ManLial par la Evaluacion Aglt(onica: Red Internationial ,e Evaluacitn de

Ritos Trollicales IJ. M. Toledo, tech. ed.I o10. Itnl{rl'ne | la Cuarla Conf rwncia del IlT para Anf.rica Latina IM. Rosero)

1I. tIeiotl on it Fourth IRITPlConference for Latin America (IM. Roserol 

12. Vutca: Invesligavtitn, PI)(hticciOn .v 11tilizatcitn IC. Domingucz, ed.) 

Audiotutorials 

Beans 
1. 	 La Mancha Angular del friijol y su Control IH. F. Schwartz, F. Correa, andM. 	 P. Con-ales; )roduiced ky Ih,clor F. Ospina and] Carlos Flor, 1982)
2. 	 Ia Muslia Ililachosa del Frijol y su Control IG.W. GAlvez, J. J.Galindo, and

M.Caslafo: )rodthlced by Itclor F. Ospina, Marceliano 1,opez, and Mayra Bonilla, 1982) 

Cassava 
3. 	 El Coquilo ICvu'rs rotftuh. I,.L:BiolOgia V Cootrol(. I,tVihnr, J.Doll, andC. I. FtcI)s dIe I'ie(hhila pi)roduced 6Y Ci!.a I. Fuletes de Piedrahila, 19821 

4. 	 El ctillivi) (e Merislteas iara HiSaneamlitlo de Clones de Ytica 1W. Roca allI. 	 .iayasinghl:; )rocltie:d'd hbVFernandoh( lcr idlc,z 0.. 19821 

5. 	 llteramhio hIhernacional de Clones de Vuca int vitroy (W M. Roca;


IIducCed Iky Fernanido Feriindez 0., 19821

6. 	 Mulliplicacitin Acelerada de Material (;enllctic) Mi)misori() de Vuca IJ.tf. Cock,

J. C. Toron, and W. 	 M. Hoca: i1C(1Liced Iy Fernando FCrn11iclcz 0., 19821 


Rice 
7. 	 Descripcxion y Datfi de los Insectos qu Alacan al Arroz en Ame rica lalina

IV. C. d ;alis, J. Goniilez, and J. R'yes: produced by Oscar Arregocs, 1982)
8. 	 Enfermcdachs del Arrz en Ani(rica Lalina y su Control IS.W. Ahn andP. 	 . Jennings; )roducld ly Oscar Arregoci.s, 1982)
9. 	 Ferlilizacin Nitrogenada del Arroz (0. Arregocts and I. Ie{n; produced


Iky Oscar Arrvgoces 1982 


no. copies no. pages 

2000 428
 
2000 448
 

2000 726
 
550 156
 

1500 358
 

2000 640
 

1000 296
 

3000 184
 

1500 170
 
200 78
 
200 70
 

study guide slides 
B a s(n (n o.). p ). 

24 79
 

20 75
 

55 127
 

45 61
 

30 72
 

25 75
 

36 111
 

39 102
 

40 101
 



106 
Tropical Pastures 
110. Celrpidos Plagas de Ins Pastos en Amirica I opical: Biologia y Control 

IM.Caldrn, G. Arango, and F. A. Varela; producd bv Carlos Valentcia. 1982) 51 79 

11. scrip'im (4litlas Plagas quo Atacan los Pastos Tropicalhs y C'alactristicas 
1982, 50 106(lit sus Dabos IM. Caldrln and F. A. V,-Irlui: produced hy Carlos Valencia, 

12. 	 Eftc.('lidad Agronnica de las Rocas Fosf('ric!as It.. ILammon( and 
4Q 80I. A. lei6n: jrodluced by Oscar Amgtx:ocs, 19821 

13. Ia Heterogeneidad dl ;utilo y los Ensayos do Unifonidad . A. Escobar; 
24 76produced by Heclor F.. Ospina, 19821 

Journal Articles and Pape, Presentations 

Garer. C.1. 1982. Senior staff In communication at international research centers. ACE Quarterly (.5141:43-46. 

Harris, S.C. 1982. la expeiencia tl CIAT como cenlro de informaci6n espicializada:consolidacliin e inlegraciln. W.per pesented at the 

131h Rouncliahle Mceting of the Intet-American System for Agricultural Inrormation IAGRINTERI, CIAT, Cali, Colombia. 
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CETRO SEGUROS GOUVAR 
CAMRA 4 No. 1241 

APATADAERO: 107go 
TELEFONO: 701-146 
CALI *COLOMMA 

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.
 

1?-4' U.) 



BALANCE SHEET 
(Expressed in thousands of U.S. dollarsl 

108' 

ASSET'S 

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 

Derjsnter W3111E December31 

io 1961 AND FUND BMANCES 1982 1981
 

CURRENT LIABILITIES
 

2,698 1,484 Bank overdrafts 40 44
 

Accounts payable 3,982 2,371
 

316 273 Total current liabilities 4,022 2,415
 
447 275
 

1,594 1,268
 
GRANTS RECEIVED IN
2,357 1,816 


947 1,335 ADVANCE 70 407
 

52 69
 

4,704 FUND BALANCES
6,054 
Invested in fixed assets 16,430 15,290 

Unexpended funds 

(ddficit) 

4,441 3,682 Core 

676 676 Unrestricted 165 ( 100)
 

2,557 1,993 Working fund 1,099 603
 

Capital grants 265
 

75 523 Special projects
 

Donors 820 1,217 

1,364 1,286 Others ( 122) ( 103) 

7,116 6,929 1,962 1,882 

201 201
 

Total fund balances 18,392 17,172 

16,430 15,290 

Total liabilities and 
22,484 19,994 fund balances 22,484 19,994 

The noteson page 110 arean integralpartof thefinancialstatements.. 



STATEMENT OF REVENUE AND 
EXPENDITURES AND UNEXPENDED FUNDS 
(Expressed in thousands of .S. dollars) 

December 31 

Revenue 1982 981 
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 19591 

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 2,985 3,200 

Total Corn programs 17,887 16,211 
Special projects 2,286 1,934 
Fixed assets 1,140 1,096 

Total expenditures 21,313 19,241 
Excess of revenue over expenditures 

Operating grants 265 100)
Working fund 244 70 
Capital grants t 40) { 418) 
Special projects I 389) 798 

80 350 
Transfers between funds 

To ltroil) working funds 252 { 327)
From special projects I 27) 158) 
lFrom) to capital grants 225)t 485 

80 350 

lnexpended funds atbeginning of year 1,882 1,532 
Unexpended funds at end of year tsee 

balance sheet) 1,962 1,882 

"ie notes or, page 110 are an integral partof the financialstatemetnts. 
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NOTES TO FINANCIAL STATEMENTS
 

NOTE 1 - ACCOUNTNG POLICIES 
The following significant accounting policies and practices of CIAT are 

set forth to facilitate the understanding of data presented in the 

financial statements. 

Inventoriesben 
inventoies are stated at the lower of cost ormarket value, cost being 

determined on an average basis. 

F~Aassets
 

Fixed assets are recorded at cost.
 

In confrmty with generally accepted accounting principles aPPlic 

ble to nonprofit organizations, CIAT does not record depreciation of 

its property and equipment. 

FOR.IGN EXCHANGENOTE 2 ­
are controlled by the Colombian 

All foreign exchange transactions 

government and, accordingly, all .breigo exchange received In Colom­

bia must be sold through official channels. The following exchange 

rates were used to translate t:olombian pesos (P)to U.S. dollars ($): 

Year-end 
Peso balances included in current 

assets and current liabilities 70.29 exchange rate 

Peso income and peso disburse-

ments for fixed assets and ex-

penses 
61.35 

Average monthly 
rate of exchange 
applicable to 
sales of dollars 

NOTE 3 - OPERATIONS 

The land on which CIAT carries out its operationsws ceded to CIAT 

under an agreement with the Colombian governent which expires 

on July15,2000. The agreement maybe extended thereafterby mutual 

be Obligated to relinqish its 

consent, but if it is not, then CIAT wil 

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) 

Unterpicted core 

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 


Restricted core Capital 

Approved 
budget Actual Budget Actual 

72 80
 
1,164 1,283
 
1,470 2,540
 

627 643
 
65 55
 

142 124
 
386 338
 

3,926 4,063
 

61 77
 
1,030 1,030
 

263 248
 
245 259
 

1,599 1,614 

6 6
 
501 400
 
436 433
 
219 218
 

1,162 1,057 

13 17
 

36 47
 
100 110
 
145 156
 
294 330
 

- Continued 

Approved 
budget 

236 

680 

431 


85 

232 

179 

485 


2,.308 

200 

2,041 


367 

338 


2,946 

165 

377 

571 

306 


1,419 

49 


143 

398 

597 


1,187 

Actual 

224 

633 

480 

110 

257 

144 

400 


2,248 


194 

2,266 


237 

281 


2,978 

173 

276 

537 

331 


1,317 


67 


176 

435 

617 


1,295 




Supplementary Information - Continued 

112 
General operating expenses 

Physical plant 
Motor pool 
General expenses 

1,036 
813 
898 

2,747 

1,067 
787 
543 

2,397 

267 
202 
202 
671 

265 
192 
131 
588 

Total Core 10,607 10,235 7,652 7,652 

Capital 
Fixed assets 1,036 1,140 

Analysis of variances 
Underfunding 
Overexpenditure 
Transferred from 

107 
( 77) 

special projects 
funds 

Surplus transferred 
to unexpended funds 265 

372 

( 27) 

(104) 
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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 Bermdez, C.P.T., Internal Auditor

Orlando Mill/n, Internal Auditing
Fritz Kramer, Ph.D., Assistant to the Director General
 

(New position beginning November 1982) VISITORS' OFFICE
 
Assistants Associates 

Cecilia Acosta, Administrative Assistant 	 Fernando Mora, BA, A.HA, Head 

INTERNAL AUDITING Assistants
 
Associates Rodlgo ChAvez, Information Services
 
Luis Ferrindo Montoya, C.P.T., Internal Auditor Jorge Enrique Paz, Ing. Agr., Information Services
 

FINANCE AND ADMINISTRATION 

Seniorstaff Assistants 
Andrew V.Urquhart, F.CA, Director (New position Germin Arias, Abog., Personnel Officer
 

beginning April 1982)
 
Maintenance Services

ADMINISTRATION GeneralAdministrativeServices staff
 
Senior staff 
 GermAn Gutidrrez, Ing. Mec., Superintendent

Jesus Antonio Cudllar, M.BA, Business Administrator, Assistants


Executive Officer Marvin Heenan, Head, Motor Pool 
GenealAdministrativeServices staff 	 Supples 
Josd J. Cortes, Superintendent, Carimagua Station 

GeneralAdministrativeServices staff
Associates 'Fernando Posada, M.S., Head
 
Camilo Alvarez, M.S., Administrative Associate Assistants
 

Assistants 'Percy de Castro, Head, Warehouse 
Ricardo Castafteda, Administrative Assistant, 	 *Marino L6pez, Head, Imports

Government Relations (Bogotd) Diego Mejia, Head, Purchasing
Edgar Vallejo, Adm. Emp., Head, Travel Office FINANCE 

Food and Housing GeneralAdministrative Services staff
 
GeneralAdministrativeServices staff 
 Hector Fl6rez, CPA, Assistant Controller 
David Evans, Head *JoffreE. Guerrero, Assistant Controller 
*EduardoFonseca, Head 

AssistantsHuman Resources Alexis Corrales, Treasury (stationed in Carimagua)
GeneralAdministrativeServices staff Jaime E. Cumba, BudgetGermdn Vargas, M.S., Industrial Administrator, Head 	 Cesar Moreno, C.P.T., Accounting 

Mario Rengifo, Cashier 
Left during 1982. 
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CROPS RESEARCH 

Senior staff 	 Research associates 
Douglas R.l'dng, Ph.D., Director Josd Ariel Gutldnez, M.S., Plant Breeding
 

'Carlos Jimdnez, M.S., Plant Breeding
 
BEAN PROGRAM Nohra R.de Londoflo, Ing. Agr., Economics
 

Jorge Ortega, M.S., Agronomy
Senior staff 
Jorge E.Garcia, Ing. Agr., EntomologyAart van Schoonhoven, Ph.D., Entomologist, 


Coordinator Research assistants
 

Stephen Beebe, Ph.D., Plant Breeder, Central America *Bernardo Alzate, lg.Agr., Agronomy
 
Bean Project (stationed in Guatemala City, Jorge Beltrin, lug. Agr., Cropping Systems
 

C.sar Cajlao, lg.Agr., Plant BreedingGuatemala) 

Jeremy H. Davis, Ph.D., Plant Breeder, Plant Breeding 'Horaclo Carmen, lg.Agr., Plant Pathology
 

Guillenmo E. Gdlvez, Ph.D., Plant Pathologist, Regional Mauriclo Castailo, lg. Agr., Virology
 
Jesus A.Castillo, lg. Agr., PhysiologyCoordinator, Central America Bean Project 
'Femando Correa, lg. Agr., Plant Pathology(stationed in San Josd, Costa Rica) 

r Coordination*PeterH.Graham, Ph.D., Microbiologist, Microbiology 	 Carlos "ranciscoCvarr , 
Francisco J.Morales, Ph.D., Virologist, Virology 	 Aurora Duque,Ing, Agr., Microbiology
 

Myriam C.Duque, tic. Mat., Economics
Silvio H. Orozco, M.S., Agronomist, Central Amarica 
Bean Project (stationedinAsunc6n Mira, Oscar Enizo, Ing.Agr., Agronomy
Guatemala) 	 Diego Fonseca, Ing. Agr., Physiology 

Douglas Pachico, Ph.D., Agricultural Economist, 	 Oscar Herrera, lg.Agr., Cropping Systems 
Germdn Llano, Plant PathologyEconomics 
Carlos Mantilla, lng. Agr., EntomologyMartial Pastor-Con'ales, Ph.D., Plant Pathologist, Plant 
Nelson Martinez, lg.Agr., AgronomyPathology 


Federico Scheuch, M.S., Agronomist, Peru/CIAT Bean 	 Carlos Anibal Montoya, Plant Pathology
 
Gustavo Montes de Oca, Ing. Agr., Plant Breeding
Project (stationed in Lima,Per6) 

Shree P. Singh, Ph.D., Plant Breeder, Plant Breeding Darlo Ramirez, Ing.Agr., Plant Breeding
 
Steven R.Temple, Ph.D., Plant Breeder, Plant Breeding Gerardo Tejada, Ing.Agr., Agronomy
 
Michael D. Thung, Ph.D., Agronomist, Agronomy CASSAVA PROGRAM
 

(stationed in CNPAF, Goidnia, Brazil)
 
Oswaldo Voysest, Ph.D., Agronomist, Agronomy Senior staff
 
Jonathan Woolley, Ph.D., Agronomist, Cropping James H. Cock, Ph.D. Physiologist, Coordinator
 

Systems 
 Anthony C.Belloti, Ph.D., Entomologist, Entomology 
Visiting scientists Guillermo G.G6mez, Ph.D., Nutitionlst/Blochemist, 
*CdsarCardona, Ph.D., Entomology Utilization 
Ramiro do la Cruz,Ph.D., Physiology Clair Hershey, Ph.D., Plant Breeder, Plant Breeding 

Reinhardt Howeler, Ph.D., Soil Scientist, Soil and Plant 
Postdoctoralfellows 	 Nutrition 
Michael Dessert, Ph.D., Plant Breeding Kazuo Kawano, Ph.D., Plant Breeder, Plant Breeding
 
Guy Halman, Ph.D., Entomology (stationed in Rayong, Thailand)
 
James Nienhuls, Ph.D., Plant Breeding Dietrich Leihner, Dr. agr., Agronomist, Cultural
 

Practices 
Visiting research associates 	 J. Carlos Lozano, Ph.D., Pathologist, Plant Pathology 
Krista C. Dessert, M.S., Nutrition John K.Lynam, Ph.D., Agricultural Economist, 

*JuliaKornegay, M.S., Plant Breeding Economics 
Jeffiey Mackelroy, M.S., Plant Breeding Julio CUsar Toro, Ph.D., Agronomist, Agronomy 
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RIICE PROGRAM 

- Seniorstaff 
Joaquin GonzAlez, M.S., Agronomist, Coordinator 

Sang-Won Ahn, Ph.D., Plant Pathologist, Plant 

- . -,Peter 
Pathology 

R.Jennings, Ph.D., Plant Breeder, Plant Breeding 

Visiting scientists 
Rupert Best, Ph.D., Utilization 

"Mabrouk EI-Sharkawy, Ph.D., Plant Physiology
°Shlnlchu Sawada, Ph.D., Plant Physiology 

(assignedby the Rockefeller Foundation)
Cdsar Martinpz. Ph.D., Plant Breeder, Plant Breeding 
Manuel Rosero, Ph.D., Plant Breeder, IHI1 Uaison 

Scientist 
Hector Weeraratne, Ph.D., Plant Breeder, Plant 

Visiting epecialists Breeding 

Ewald Sieverding, Dr. agr., Soil and Plant Nutrition 
Christopher Wheatley, Ph.D., Utilization 

Visitingscientists 
Surapong Sarkarung, Ph.D., Plant Breeding 

Postdoctoralfellowm Postdoctoralfelloms 
Upalh Jayasinghe, Ph.D., Virology Jairn Castailo, Ph.D., Plant Patholugy 

Visiting researchassociates 
'Jan Margaret Salick, M.S., Entomology 

el Posada, Ph.D., Economics 
Researchassociates 

Researchassociates Marco Perdomo, Ing. Agr., Agronomy (stationed in
V'llavicencio) 

'Alvaro Amaya, M.S., Germplasm
Rafael Orlando Diaz, M.S, Economics 
Rafael Alberto Labeny, M.S., Plant Pathology 
Benjamin Pineda, M.S., Plant Pathology 

*Jorge Santos, M.S., Utilization 
Octavio Vargas, M.S., Entomology 

Researchassistants 
Luis Eduardo Bero, Ing. Agr., International Trials 
Luis Eduardo DussAn, Ing. Agr., Plant Breeding 
Yolanda Cadavid de Galvis, Ing. Agr., Agronomy 
Jenny Gaona, Ing.Agr., International Trials 

Research assistants 
Bernardo Arias, Ing. Agr., Entomology 
Darlo Ballesteros, Ing. Agr., Soils (stationed in 

Carimagua) 
Eltel Adolfo Burckhardt, Uc. Biol. Soils 
Luis Fernando Cadavid, Ing. Agr., Soils 
Fernando Calle, lng. Agr., Germsplasm 

Luis Eduardo Garcia, lng. Agr., Plant Breeding
Julio Eduardo Holguin, Ing. Agr., Plant Breeding 
Luds Octavio Molina, Ing. Agr., Plant Breeding 
Eliseo Nossa, Ing.Agr., Plant Breeding 
Miguel Eduardo Hubiano, lg. Agr., Plant Pathology
Edgar Tulande, Ing.Agr., Plant Pathology 

SEED UNIT 
Ernesto Cells, Ing.Agr., Agronomy
Carolina Correa, lic. Econ., Economics 
Juliin Hemndez, Ing. Agr., Soils 

Senior staff 
Johnson E. Douglas, M.S., Seed Specialist, Head 

(stationed in Carimagua)
Diego Izqulerdo, Uc. Econ., Economics 
Gustavo Jaramillo, lng. Agr., Agronomy 

Federico Poey, Ph.D., Seed Specialist, Seed Production 
Researchassociates 

*Lucy Kadoch, Uc. Biol., Physiology 
Javier L6pez, Ing. Agr., Cultural Practices 

'Pedro MillAn, Ing. Agr., Germplasm 
GernAn E. Parrs, Ing. Agr., Physiology 
Edgar Salazar, Ing. Agr., Cultural Practices 
Mauricio Valdivieso, Zoot., Utilization 
Ara Cecilia Velasco, Lab. Cn., Plant Pathology 

Joseph E. Cores, ng. Arie., Taning 

Researchassistants 
Josd F. AristizAbal, Ing. Agric., Seed Quality Control 
Josd FernAndez dc Soto, Ing. Agric., Communication 
Gullermo Giraldo, Ing. Agr., Seed Production 
Napole6n Viveros, Ing. Agric., Seed Processing 
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GENETIC RESOURCES LABORATORY SERVICES 

Senior staff Research associates 
William M. Roca, Ph.D., Physiologist, Acting Head Octavio Mosquera, M.S., Analytical Services 

Visiting research associates 
*ThienyVanderborght, Ir. agr., Germplasm (Bears) 

Research associates 
Germn Alvarez, M.S., Germplasm (Forages) 
Rigoberto Hidalgo, M.S., Germplasm (Beans) 

Research assistants 
Charles McBrown, Tec. Elec., Instruments 

Maintenance 
Roberto Segovia, Ing. Agr., Greenhouses/Landscaping 

EXPERIMENTAL STATIONS OPERATIONS 

Research assistants 
Javier Narvdiez, Ing. Agr., Physiology 
Jorge Alberto Rodriguez, Ing. Agr., Physiology 
Hember Rubiano, Ing. Agr., Germplasm (Beans) 

Senior staff 
Alfonso Dlaz-Dunin, Ing. Agric., P.E., Superintendent 

Research assistants 
Javier Carbonell, M.S., Palmira Station 

Javier Castillo, Ing. Agric., Head, Popayan Substation 
Ramiro NarvAez, Ing. Agric., Head, Quilichao Substation 
Edgar Quintero C., Ing. Agr., Palmira Station 

RESOURCES RESEARCH AND 
INTERNATIONAL COOPERATION + 

Senior staff Bela Grof, Ph.D., Agrostologist, Legume Agronomy 
Gustavo A. Nores, Ph.D., Director (stationed in Carimagua) 

Carlos Lascano, Ph.D., Animal Scientist, Pasture Quality 
*Josd Vale-Riestra, Ph.D., Director, International and Animal Nutrition 

Cooperation Jillan M. Lennd, Ph.D., Plant Pathologist, Plant 
Pathology

Associates John W. Miles, Ph.D., Plant Breeder, Agronomy/Forage 
Uriel Gutidrrez, M.S., Administrative Associate Breeding

*JorgePefla, M.S., Administrative Associate C. Patrick Moore, Ph.D., Animal Scientist, Cattle 

TROPICAL PASTURES PROGRAM Production Systems (stationed in CPAC, Brasilia, 
(Brazii) 

Senior staff Esteban A. Pizarro, Ph.D., Agronomist, Regional Thals 

Josd M. Toledo, Ph.D., Pasture Agronomist, Josh G. Salinas, Ph.D., Soil/Plant Nutritionist, Soil and 
Coordinator Plant Nutrition 

Rainer Schultze-Kraft, Dr. agr., Agronomist, Germplasm 
Eduardo Aycardi, Ph.D., D.V.M., Animal Scientist, Carios Ser-, Dr. agr., Agricultural Economist, 

Animal Health Economics 
Rosemary S. Bradley, Ph.D., Soil Microbiologist, James M. Spain, Ph.D., Soil Scientist, Pasture 

Microbiology Development (stationed in Carimagua) 
Marlo Caldern, Ph.D., Entomologist, Entomology Luls E. Tergas, Ph.D., Agronomist, Pasture Productivity 
Walter Couto, Ph.D., Soil Scientist, Pasture and Management 

Development (stationel in CPAC, Brasilia, Brazil) Derrick Thomas, Ph.D., Forage Agronomist, Agronomy 
John E. Ferguson, Ph.D., Agronomist, Seed Production (stationed in CPAC, Brasilia, Brazil) 

Rai R. Vera, Ph.D., Animal Scientist, Cattle Production 
+ International Cooperation combined with Land Resources Systems 

Research as of November 1982. 
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'Iioiti.ag scientists 

imuo Hayash!, B.S., Pasture Productivity and
 
Management
 

*E. Mark Hutton, D.Sc., Legume Improvement
 

Visiting specialists 
*Christoph I -- ow, Dipl. agr., ETES Project (stationed

in Maturin, Venezuela) Martha Lucia Escand6n, Ing. Agr., Forage Breeding/ 
Postdoctoralfello. gronomy
 

*Pedro J. Arge!, Ph.D., Seed Production C. tos Escobar, Ing. Agr., Soil and Plant Nutrition
 
*Raymond F. Cerkauskas, Ph.D., Plant Pathology Luis H. Franco, Ing. Agr., Aegional Trials
 

(s ia. oned in Brasi!ia, Brazil) Manuel Arturo Franco, Ing. Mec., Systems Analyst,

Frank Mller, Dr. agr., Cattle Production Systems Office of the Coordinator
 

(stationed in Carimagua) DuvAn Garcia, Ing. Agr., Seed Production
 
Salf ur Rehman Saif, Dr. agr., Soil Microbiology °Obed Garcia, D.V.M., Animal Health
 

',tatior)ed in Carimagua) Hermin Giraldo, Ing. Agr., Agronomy

,upprecht Schellenberg, Dr.agr., Animal 
 Arnulfo G6mez Carabaly, Ing. Agr., Agronomy/Regio.l

Science/Economics (stationed in Panama) Trials 
*Ram6n Gualdr6n, Ing Agr., Soil and Plant NutritionVisiting researchassociates *Francisco J. Henao, D.V.M.Z., Animal Health (stationed

'Get'lard Keller-Grein, Dipl. agr., Germplasm in Carimagua)
Mai tin Schneichel, Dipl. agr., ETES Project (stationed Phanor Hoyos, Zoot., Pasture Quality and Nutrition

in Puerto Gaitdn, Colombia) Carlos Humberto Molano, Ing. Agr., Forage Breeding/

Isabel Valencia, M.S., Pasture Development (stationed Agronomy


in Carimagua) 
 Dazier Mosquera, Ing. Agr., Soil Microbiology (stationed"inus Wege, M.S., Agronomy (statior-d in Carimagua) in Crrimagua) 
Gloria Navas, Ing. Agr., Pasture Development (stationed

Research associates in Carimagua)

Miguel Angel Ayarza, M.S., Soil Microbiology 
 Fablola de Ramirez, Lic. Bact., Soil Microbiology
Edgard Burbano, M.S., Soil Microbiology Halmundo Realpe, Ing. Agr., Agronomy (stationed in 

*Carlos E. Castilla, M.S., Agronomy/Regional Trials Carimagua)
*Rodolfi Estrada, M.S., Economics Bernardo Rivera, D.V.M., Animal Health (stationed in
 
Rubdn Dario Estrada, M.S., Economics Carimagua)

Ubardo Rivas, M.S., Economics Manuel SAnchez, Ing. Agr., Seed Production 

Celina Torres, Ing. Agr., Plant PathologyResearchqssistants FernAn Alberto Varela, lng. Agr., Entomology

Amparo de Alvarez, Ing. Ag ., Plant Pthology 
 'Jaime Veldsquez, Zoot., Pasture Productivity and
 
Guillermo Arango, Lic. Biol., Entomology Man igement (stationed in Carimagua)

Alvaro Arias, Ing. Ag., Agronomy (stationed in 
 °Bernardo Velosa, Ing. Agi., Forage Breeding/Legume

Carimagaa) Improvement (stationed in Carimagua)
Hemando Ayala, D.V.M.Z., Cattle Production Systems


(stationed in Caimagua) 
 IFDC/CIATPHOSPHORUS PROJECT' 
Gustavo Benavides, Ing. Agr., Germplasm Seniorstaff 

°Gerfried Carlos Buch, Ing. Agr., Agronomy (stationedin se otaff 
Carimagua) Luis Alfredo Ledn, Ph.D., Soil Slentist, Head 

RaWit Botero, D.V.M.Z., Cattle Production Systems Jacqueline A. Ashby, Ph.D., Rural Sociologist, Sociology

Javier Asdrnibal Caro, Ic. Econ., Administrative 
 *Lariry L. Hammond, Ph.D., Soil Chemist, Head 

Assistant to the Coordinator 
Gustavo Cuenca, Zoot., Pasture Quality and Nutrition Postdoctoralfellows 

(stationed in Carimagua) Elizabeth Hansen, Ph.D., Anthropology 

http:Iioiti.ag
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Audlotutb-1al 

Associates 
Comelio TrujihL, M.S., Supervisor 
Oscar Arregocds, lag.Agr., Production 

*Maria Lucia de Posada, M.S., Editorial Services 

Assistants 
Femando FernAndez 0., ig. Agr., Production 

'Cilia Fuentes de Piedrahita, [ig. Agr., Production 
H6ctor Fabio Ospina, Ing. Agr., Production 
Carlos Alberto Valencia, Ing. Agr., Production 

Visiting research associates 
David J. Hanis, M.S., Soils, IF,Z;/Benchmark Soils 

PIujLct 

Research assistants 
*Germin Monies de Oca, Ing.Agr., Agronomy 
Carlos Arturo Quir6s, Ing. Agr., Agronomy 
Luls Guilerno estrepo, Ing. Agr., Agronomy 

Communication 

Senior staff 
Susana Amaya, Ph.D., Editor/Communication 

Specialist, Network Communication 
Cynthia L Garver, MA., Editor/Communication 

Specialist, Scientific/Technical 
Communication 

DATA SERVICES 

Senior staff 

Visiting editors 

Paul Gwin, M.S., Editorial Services 

Leslie C. Chapas, Dipl. Math. Stat., Blometrlcian, Head 

Visiting scientists 
Peter Jones, Ph.D., Agroecological Studies 

Associates 

Francisco Motta, M.S., Network Communication 
Ana Lucla de RomAn, Ing. Agnr., Network 

Communication 

General Administrative Services staff 
Maria Cristina Amdzquita de Quiflones, Dipl. Math. 

Stat., Head, Biometrics 

Assistants 
Maria Ucda Cabal, Network Communication 
Rodrigo Ferrerosa, tic.Econ., Sclentiflc/Technical 

Research associates 
James Arbey Garcia, M.S., Biometrics 
Jos6 Eduardo Granados, M.S., Biometrics 
*Gloria Quintero, Ing. San., Computing 
Hugo Macias, Ing. Civil, System Programmer 

ommunication 
Alexandra Walter, Sciantific/Techncal 

Communication 

Graphic Art/Pructln 
Genphic Arminisduati c eGeneralAdministrativc Services staff 

Research assistants 
Maria del Rosario Henao, lug. Sist., Computing 

"CamiloJordiin, Computing 
Oscar L Quevedo, lug. Sist., Computing 
Julidn E. Rengifo, Ing. Sist., Computing 
Alfredo Rojas, Biometrics 

*JosdAlfredo Saldaniaga, lng. Sist., Biometrics 

COMMUNICATION/INFORMATION SUPPORT UNIT 

Walter Cortea, Ph.D., Head 

Associates 
Alvaro Cudllar, Supervisor, Photography 
Carlos Rojas, Supervisor, Graphic Design 

Assistants 
Didier Gonzdlez, Graphic Design
Carlos Vargas, Graphic Design 

(New organization beginning November 1982) Ubrary and Documentation Services 

Senior staff 
Susan C.Harris, M.LS., Information Specialist, Head 

Associates 
Jorge L6pez S., Supervisor, Documentation Center 
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Assistants Postdocto lfellows 
Fabiola 'mariles, Lic. Educ., Reference Services 
Sthita G6mez, Lic. Bibl., Supervisor, Library Services 
Carlos P. GonzAlez, Ing. Agr., Bean Documentation 
Francy GonzAlez, Ing. Agr., Bean Dacumentatios 

Jairo Cano, Ph.D., Training Evaluation 

GeneralAdministrativeServices staff 
Alfredo Caldas, M.S., Admissions Administrator 

Marano Mejia, Lic. Educ., Tropical Pastures 
Documentation Associates 

Lynn Mendndez, Editing and Translations 
Piedad Montarl', Supervisor, Acquisitions 
Hemhn Poveda, .1c. Bib]., Supervisor, Technical 

Processes 
"Himilce Sema, Lic. Bibl., 'b%--hnicalProcesses (Books) 

Carlos Dominguez, M.S., Cassava 
Carlos Floe,M.S., Beans 
Elias Garcia, Ing. Agr., Rice 
Marceliano L6pez, M.S., Tropical Pastures 
Jesis Reyes, M.S., Cassava 

SCIENTFIC TRAINING AND CONFERENCES Eugenio Tasc6i,, Ing. Agr., ice/In-country Training 

Senior staffFemando FemAndez, Ph.D., Soil Scientist, Coordinator 
AssistantsAats 
Carlos Sudrez, B.S., Orientation 

REPRESENTATION OF COLLABORATINf 
INSTITUTIONS IN CIAT 

Andean Region Maize Project ICIMMYT) CIP Regional Representation 
Seniorstaff Oscar Malamud, Ph.D., Liaison Officer, Head 
Gonzalo Granados, Ph.D., Entomologist, Head (stationed In Bogot )
James Bamett, Ph.D., Plant Breeder, Andean Regional Jan Henling, Ph.D., Liaison Officer (stationed in 

Services Medellin) 

Research asistants GTIZ Regional Representation
Edgar Castro, Ing. Agr., Plant Breeding Ginther John, Dr. agr., Liaison Officer 

Sorghum Project.gonal (INTSORMIL) IB'oR~gionaJ Representation 
Seniorstaff Miguel Holle, Ph.D., IBPGR Representative for Latin 
ynn Gourley, Ph.D., Plant Beeder, Head America 

ResearchAssistants 

Manuel Coronado, Ing. Agr., Plant Breeding 

REGIONAL AND BILATERAL PROJECTS 

Agricultural Research and Extension 
Project, INIPA, Peru (World Bank) 

Edward Pulver, Ph.D., Co-leader, Rice (stationed In 
Tarapoto, Pear) 



CGIAR 
Consultative Group for International Agricultural Research 

120 T HE CONSULTATIVE Group 
0 for International Agricul-

tural Research (CGIAR) was 
formed in 1971 to provide a 
mechanism for mobilizing 
broadbased financial support for 
the global 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 US$20 million, 
to 35 in 1982, with a total 
contribution of about US$145 
million. 

Each center (ofwhich 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 center budget is 
submitted annually during the 
center's review week, when a 
short overview of its programs 
and accomplisl' ... ,ts 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 
furrished by the World Bank in 
Washington, D.C. The Bank also 
provides the services ofa 
Chairman and an Executive 
Secretariat. The Secretariat of 
the Technical Advisory Com-
mitte is provided by the Fond 
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: 

0 	 International Center for 
Tropical Agricultural ('2IAT), 
Call, Colombia: cassava, field 
beans, rice, and tropical 
pastures. 

0 	 International Center for 
Maize and Wheat Improve­
ment (CIMMYT), El Bataan, 
Mexico: maize and wheat. 

0 	 International Potato Center 
(CIP), Lima, Peru: potatoes. 

* 	 International Center for 
Agricultural Research in the 
Dry Areas (ICARDA), Aleppo, 
Syria: farming systems, 
cereals, food legumes (broad 
bean, lentil, chickpea), and 
forage crops. 

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

* 	 International Institute of 
Tropical Agriculture (IITA), 
Ibadan, Nigeria: farming 
systems, maize, rice, roots 
and tubers (sweet potatoes, 
cassava, yams), and food 
legumes (cowpea, lima bean, 
soybean). 

* 	 International Laboratory for 
Research on Animal Dis­
eases (ILRAD), Nairobi, 
Kenya: trypanosomiasis and 
theileriosis of cattle. 

0 	 International Livestock 
Center for Africa (ILCA), 
Addis Ababa, Ethiopia: live­
stock production systems. 
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* 

* 

International Rice Research 
Institute (IRRl), Los Bafios, 
the Philippines: rice. 
International Board for Plant 

0 International Food Policy 
Research Institute (IFPRI), 
Washington, D.C., USA: 
analysis ofworld food 

* International Service for 
National Agricultural Re­
sea.rch (ISNAR), The Hague, 
tha Netherlands: research 

Genetic Resources (IBPGR), 
Rome, Italy: plant varieties 
collection and information. 

problems. 

* 
support. 
West Africa Rice Develop­
ment Association (WARDA), 

Monrovia, ljieria: rice. 

OISNAR 

* IFPRI *IBPGR 

OICARDA 
OCIMMYT 

OICRISAT 
OILCA 

*CIAT WARDAO IITA 
OCIP • ILRAD 
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