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PREAMBLE 

The indicative plan contaíned in this document projects the activities of 
the Center over the decade of the eighties. The plan focuses specifically 
on the three biennía! budgetary periods over the years 1982-1987, with 
more general projections thereafter. 

The first approximation of the plan was prepared in an interactive process 
involving CIAT management, research staff and the Board of Trustees. A 
second approximation, responding to comments on the first by the Pro­
gram Committee of the Board, staff and selected individuals was then 
presented to representatives of collaborating national research institu­
tions, meeting in a special workshop for this purpose, and to the Execu­
tive Committee of the Board. The comments of the former are sum­
marized in a set of recommendations submitted by the national program 
representatives, which will be presented to the full Board of Trustees. 
The comments of ttoe ExCom are summarized in the minutes of that 
meeting. This third approximatlOn incorporates many of the very useful 
comments received from the two groups. 

In preparing the plan three basic sets of considerations were important 
in guiding the p!anning process, 

a) The needs for new technology designed to increase foad production, 
particularly in the developing countries of the Western Hemisphere, 
and the manner in which the Center's programs should evolve to 
meet these needs. 

b) The degree of success of the Center's programs and how these 
expected results will modify future priorities and strategies. 

e) The budgetary implications of the plan projections in the light of 
existing and expected constraints to growth in Center activities. 

As described in Chapter 3, the current four commodity programs of 
ClAT are the result of a dYnamic series of interna! and external reviews 
and represent a considerable sharpening of focus from the initial, broad 
mandate. The socio-economic analysis in Chapter 1 supports the correct­
ness of these decisions. Having thus only recently completed this conso!ida­
tion, and considering the relative youth of these programs in relation to 
time and continuity required to generate and transfer new agricultural 
technology, it would be capricious to suggest that any of these programs 
could be discontinued 01' that new ones should be added befo re sufficíent 
opportunity has been provided to test the validity of the overall Center 
and individual program strategies. This is not te say that ít is certain 
that al! current programs will be continued through the decade 01' that 
new initiatives will not be added. But such changes cannot be foreseen 
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at this time and will therefore, more appropriately be the subject of 
internal and external reviews later in the decade (such as the TAC QUln­
quennial Review scheduled for 1987) when more results of the current 
and proposed strategies are availab!e. This plan, therefore, is 
based on the assumption that the current set of commodity programs 
will contlnue through the decade and attempts te project how they will 
evolve durlng that period. 

A basíc orientatlon of CIAT towards the agricultura! sector in the West­
em Hemisphere is implicít in this documento The plan proJects CIAT 
activities withln the framework of the constraints to increased produc­
tion and productivlty of baslc food commodlties important in the Hemi­
sphere. Some global responsibilities are recognized and provision for 
an appropriate level of CIAT involvement to meet these obligations has 
been projected in the plan. 

A series of factors may alter the projections contained in this documento 
Since these factors are quite unpredictable the plan represents only the 
best estimate of the most appropriate future activities of the Center. In 
particular, the work of CIAT can only meaningfulty be defined when seen 
against continuing developments in collaborating national agricultural 
research and development institutions. CIAT has strived, and will continue 
to strive, to assure maximum complementarity with national efforts and 
thus will need to adjust its activities in step with the evolution of national 
needs for international cooperatíon which complements and supports their 
own programs. 

Additional elements of uncertainty are impHcit in the inherent unpredíc­
tability of biological research and in the ever existing possibility of new 
and unexpected challenges, and in global soclo-economle clrcumstances 
thet may have important repercussions in the definition of the mandate. 
Naturally, the degree of certalnty of the projections decreases with time. 

The document opens with an analysis of the socio-economlc context in 
which planning has been placed. A specifíc focus on the agricultural 
sector in the developing eountries of the Western Hemisphere is a reflec­
tion of the basle orientation of the Center. This analysts is followed by 
a discussion of the role of CIAT within thís context and a review of ínstítu­
tional progress over the first ten years of the Center's existenee, leading 
to a definition of the overall objectives and strategies of the Center. The 
plan continues with an analysis of the basie phílosophy underlying the 
strategies in developing international coUaboratíve and cooperative re­
seareh and technology transfer actívítíes with national instítutíons. 

The strategies to achieve the objectíves in four basle commodities are 
then outlined and projectlons made with respect to future activities in the 
light of expected developments at the natíonal leve!. The plan eoncludes 



wíth a díscussíon of new initiatives designed to complement the work of 
exístíng programs and a Center-wide analysis of projected resource 
requirements and theír budgetary ímplícations and tentatíve analysís 
of expected retu rn on C [AT' s research efforts. 





Chapter 1: THE PLANNINO CONTEXT: SOCIO-ECONOMIC 
ENVIRONMENT IN TROPICAL AMERICA 

"Hunger is at least as much a political, economic and social challenge as 
it is a scientific, technícal or logistic one 1 '! This statement clearly 
highlights the complexity of the world food problem and the fact that there 
is no single, no easy and no cheap solution to it. 

Improved agricultural technology adapted to the socio-economic and agro­
climatic conditíons characteristic of the developing world is a necessary, 
but by no means sufficient, component of a world foad strategy. Recog­
nizing the key role of agricultural technology in increasing food produc­
tion in the tropics, the COlAR system was formed in 1971, whích in 
addition to CIAT now includes nine other ínternatíonal centers and three 
related actívíties. Whíle the final product of centers such as CIAT ls 
improved production technology, the COlAR system has recognized that 
such technology can be a means to achieving more basic socio-economic 
goals, viz., 

a) Improving the production, quality and stability of supply of basic 
food commodities in developing countries; 

b) Improvíng the nutritional status of those segments of the urban and 
rural population still below mínimal nutrítional requirements; and 

c) Improvement of the ¡ncome levels of the limited resources population 
of theruralsector, and, indirectly, of thelowincomeurbanpopulation. 

The manner in which the introductíon of new technology works íts way 
through systems of food production, distribution and consumptíon and 
impacts on nutri tion and income distribution is complex and never fully 
corrective. Improved technology will never by itself be a solution of the 
problem of income distribution and nutrition but it could certainly con­
tribute to it. Moreover, there are agricultural technologies that will 
have a greater impact than others on these two related problems. In 
order to understand what these technological alternatives are tt is first 
necessary to review the socio-economic structure into which the agricul­
tural technology wíll entero 

CIAT, within the COlAR network, began with no fixed crop mandate or 

1 
Overcomíng World Hunger: The Challenge Ahead, Report of the Presi-
dential Commission on World Hunger, U.S. Oovernment Printing Of­
fice, Washington, D.C., 1980. 
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unique ecological orientation. CIAT's research within the CGIAR system 
is very much regionally focused 01'1 Latín American agriculture. In clear 
recognition of CIAT's role vis-a-vis other research and extension institu­
Hons, changes 1.1'1 research activities foHow a horizontal approach, (t.e., 
addition 01' deletion of essenttally crop programs), rather than a vertical 
approach in which activities expand into either more basic research 01' 

extension, 01' both. Thus, the relevant context for planning agricultural 
research at CIAT will be an analysis of agriculture within tropical Latín 
America. 

1 .1 Socio-economic Goals in the Production Context 

1.1.1 The Production Gap 

Food production in Latín America has grown at a sustained rate of 3.6,% 
per annum since 1950, arate consíatent with growth in aggregate demando 
The regional aggregate, however, la híghly deceptive. In the last decade 
in only five of twenty-one countrtes has food production kept pace with 
demand growth (Appendix 1). Only in Argentina have consumer food prices 
increased at a slower rate than general consumer price levels 1 AH 
countries in Latín America except the temperate countries Argentina and 

, 2 of Uruguay, rematn net-importers offood staples. If current rates growth 
in production are projected to 1990, food deficits in all tropical countries 
are expected to increase bY 50,%, except for Brazil and Paraguay. Thus, 
to maintain food prices constant in real terms, and t:o maintain current 
levela of self-sufficiency in food will require an increase in the rate of 
growth of agricultural production in most Lattn American countries. 

1 .1.2 Land, Labor and Growth 

Growth in agricultural production depends 01'1 either bringing more land 
and labor resources into production 01' using the current stock of those 
resources more efficiently. The general pattern is some combinatton 
ofthetwocourses, resulting in an increase in the productivity of the re­
source in most limited supply. This would define the nature of the type 
of technical change demanded. In the Latín American case land is a highly 
abundant resource. Studtes comparing potential arable land to land 

1 FAO, The State of Food and Agriculture in 1978, Rome, 1978,. 

2 lFPRI (lnternational Food Policy Research lnstitute), Food Needs for 
Developing Countries: projections of Production and Consumptton to 
1990, Research Reporte, 1977. 
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currently under the plow estímate that Latín American agrieulture ls 
utílizing only somewhere between 18 to 35 percent of its potential land 
resource. Moreover, the average size farm is 112 hectares, very high 
by developing country standards. In the aggregate there would appear 
to be a surplus of land relative to labor. This situation would imply that 
the most efficient growth strategy would focus on inereasing the produc­
tivity of labor while at the same time expanding arable land. One 10gica1 
outcome of this strategy would be inereased farm mechanisation. 

Such a coneeption of Latín American agriculture ls a gross oversimplifi­
cation of its complexity. Past growth in agriculture has not followed such 
a path. Exeept for Argentina, Uruguayand Venezuela, Latín American 
eountries have be en increasing praductivity af both land and labor. During 
the 1960-78 period, tractor use increased at a 5.6'1c annual rate while 
fertilizer use grew at an 11.2'1c rateo This intensifieatian af land use ap­
pears to be inconsistent with the conception of a land-surplus economy. 

Thís apparent inconsistency arises from the very heterogeneous nature 
of Latín American agriculture. An agricultural frontier does exist in 
most tropical South American and Central American countries but expan­
sion at this frontier is competitive with intensificabon of farms currently 
in production. The high costs of brlnging new frontíer land into production 
using existing technology make it less profitable than intensifying on land 
already in production. This competítíon between extensiva and intensive 
development ls further compUcated by the very skewed distribution of land 
which ls particularly characteristie of Latin American agriculture. The 
majority of the farm population have very Iimited land resourees and to 
inerease produetion they must coneentrate on techniques to ineraase 
yie lds. Large-seale farmers, on the other hand, control the major por­
tion of the land resources and find that relative labor costs are high. As 
farm size inereases there are rising eosts in obtaining and managing 
large numbers of seasonal laborers. Thus, large farmers invest in labor­
substituting mechanization or speeialize in extensive production actívities, 
sueh as pasture beef systams. 

An agricultural growth strategy for Latin America that efficiently utilizes 
both land and labor resources is eomplicated by the distribution of these 
two resources and the very marked dífferences in the quality of the land 
resouree. Three very different growth strategies emerge: (a) íntensifica­
tíon of produetion by large farmers on the more fertile areas, essentiaUy 
through mechanization and higher input use; (b) expansion of agricultural 
production at the less fertíle frontier; and (e) intensification of produetion 
by small farmers on existing land, essentially through higher and more 
stable yields. Sorne areas, especially mueh of Mexico, Central Ameriea 
and the Caribbean, do not have a large, under-utilized frontier areas. 
For these eountries (a) and (e) are the maJor opUona. 
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Each type of growth strategy ímplies a very dífferent research focus. In 
a planning context the lssue is not only in what araas research will result 
in the largest production gain but also in which araas CIAT has a compar­
ative advantage, especially in relation to the three socio-economíc goals 
presented earlier. A dynamic large farm sector exists in Latin Amarican 
agricultura, reliant on mechanization research easíly transferable from 
more developed countries. Rapid growth in large farm agriculture within 
a very skewed land distribution can produce a very accelerated treadmill 
effect, i.e., the mOvement of "less efficient" farmars out of agricultura. 
While there are not sufficient employment possibilíties in the urban sector, 
large social stresses develop. The rest of this section addresses the 
issue of whether or not there is potential complementarity between the 
three strategies, thereby helping to define research requirements. 

1 .1.3 Large Farm Intensification 

Larger farmers in Latin America, while controlhng the majar portion of 
tha land resource, tend to utilize it very extensively. In Brazil, for 
example, farms above fífty hectares make up 85,% of the area in farms 
but have only 53,% of the area in crops. In Colombia, large farmers own 
76'70 of the land but have only 40'70 of tha land in crops. Latin American 
policy makers, realizing the inefficiency in use of land by large farmers, 
have concentrated on inducing these farmers to shift from extensive beef 
production systems to crop systems. Policies to foster mechanization, 
such as credit subsidies, overvalued exchange rates, land taxes, and 
price supports for mechanizable crops have been implemented in many 
countries. Thase policíes have been complemented by investments from 
multinational agricultural supply firms, who find large untapped markets 
with low distribution costs and minimal requirements for redesign of 
chemical, seed and mechanization technologies. 

A very dynamic sector has been created, as is reflected in the very high 
growth rates in mechanizable crops. Sinee 1961 sorghum produetion in 
Latin America has increased at arate of 13,% per annum whlte in Brazil 
wheat production increased at 11'70. Growth in soybean productíon was 
even more rapid. In al! these cases over 75'70 of the growth was due to 
area expansion, reflecting the extensive nature of crop production on 
large farme. Thus, while such crop yíelds have remained stagnant, over­
all land productivity has inereased due to shifts from pasture production 
to erops. 

The concentration of agricultural policíes on intensifyíng the land use of 
large farmers has had two important results. First, production growth 
of extensively produced commodities, especíaUy beef, has lagged behind 
demand. Second, in seeking to increase the efficíency of land use on 
large farms, policies have not dealt with, and, in some cases, have 
exacerbated the inefficiencies in the use of labor. High rates of under-
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employment exist in the agricultural sectors of Latin American countries 
(see seetion 1 .1 .5.). Inefficient labor use cannot be ignored because of 
the obvious linkages to income and nutrition goals. 

1.1.4 Expansion of the Agricultural Frontier 

At the frontíer, infrastructure development ls usually limitíng, making 
input and marketing costs high. Labor is in short supply but land is 
relatively cheap. Thus, expansion at the frontier is usually based on 
extensive prOOuction systems. In the Latín American context extensive 
beef production systems are predominant at the frontier. This is, in 
fact, complementary to intensification of large farms on more fertile 
land, in that it induces a more efficient utilization of land resources. 

As large farmers on goOO land shift into erops, rising land values result 
also in the intensification of the remaining pasture land. Thus in the 
1960-70 period improved pasture are a inereased at a 3.6% annual rate, 
a full percentage point greater than the expansion in crop land. In addi­
tíon to this growth which represents 21 million hectares of pastures, 
92 mili ion heetares were added at the frontier, representing a growth 
of 2.2% per year in natural pastures. These two processes resulted 
in an annual growth in beef production of 3.4%, well short of the growth 
in demand for beef of 5.4%. Thus, expansion on the frontier ís a neces­
sary complement to large-farm intensification, if demand for foOO crops 
and beef ia to be meto 

Even with rising beef prices, the area sown to pasture was not expanding 
fast enough to meet demando For much of the abundant land area of 
Latín Ameríca, such as the "llanos", the "cerrado", the "pantanal" and 
the Amazon jungle, the costs of productíon for infrastructure and soU 
eorreetion appear to be presently too high to support a more rapid expan­
sion of land use at the frontier. Seleetion of crop and pasture species 
for these areas with redueed fertilíty requirements should improve the 
potential profitability of land use. Investment in new technology that 
increases prOOuctivity of adapted Crops, such as rice and cassava, and 
of beef pasture systems in the Oxisols and Ultisols typical of the Latin 
American frontier should, in fact, aid in the intensification, with crops 
demanding higher fertility levels grown on large farms on prime lands. 
Instead of spending public funds on research to reduce the costs of crop 
establishment for large farmers, a more socíally efficient solution would 
be to bríng down the cost of beef production en the frontier. The effect 
of rapid beef expansion on price would induce large farmers to shift to 
more profitable, and more intensive, alternatives. Pasture technology 
specifically designed for the frontier should thus induce a more soctally 
acceptable utilization of land resources in Latín America. 
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1 .1.5 Small Farm lntensification 

An unfortunate paradox exists in Latin American agriculture. Small 
farmers are, from a social point of view, the most effic\ent producers 
in the combined utilization of land, labor and capital resources 1 but be­
cause they control such a minor portion of the land resource, their con­
tributíon to output ís limi ted. So, though efficient, the potential of the 
small farm sector to contribute to increase total food production is some­
what limited. However, increasing the productive employment of labor 
should have as high, 01' higher, a priority as fostering the more productive 
utilization of land resources, slnce employment is the principal determi­
nant of income and we lfare. 

Under-utllízed labor in the agricultural sector results in migration to 
urban areas. However, the condítions of Latín American clUes offer 
ample evidence that rural poverty is not being solved by transferíng it 
from rural to urban areas. High rates of rural-to-urban mlgratíon are 
characteristic of Latin American economíes. In the 70' s urban growth 
eased slightly but stHI averaged a 3.7,% annual rate of increase and in 
Brazil and Mexico over 4.5,%. This process has put extreme pressure 
on Job creation in the urban sector. Since industrial growth has been 
capital intensive, most of the employment is occurring in the tertiary 
sector and most of this in the low-productivity service jobs. The ser­
vice sector is as well the entry point for most rural-urban migrants--if 
they can fínd jobs at all--and in most countries average labor productivity 
ls lower in these jobs than in the agricultural sector. 

The employment problem is further complicated by the fact that, because 
of the young age profile of the population, the rate of growth in the labor 
force will actually íncrease from 2.4,% in lhe 1960-70 periad to over 2.9,% 
in the 1980-2000 período Since in Latin American countries the rural 
population rapresants more than 30,% of the total, and ovar 50,% in the 
poorest countries, rural-to-urban migration flows will remain large 
putting more pressure on urban job creation. ¡LO studies2 of representa­
tiva Latín American countries have stressed the fact that a full-employ­
ment strategy over the next decade depends on increased employment in 
the agricultural sector and maintenance of the role of the agricultural 
sector as a residual employer. 

1 R.A. Berry and W. CUne, Agrarian Structure and Productivity in 
Developing Countríes, John Hopkins Universíty Press, 1979. 

2 ILO, Internatíonal Labor Office of the United Nations, Toward Full 
Employment: A Programme for Colombia, Geneva, 1970. 
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Full employment thus requires some check on rural-to-urban migrabon 
for at least the next few decades. However, the rate of this migration is 
highly responsive to changes in intersectorial income differentials. In 
Latin America a 10% increase in the relative income between the tertiary 
sector and the agricultural sector increases the migration rate by 9%1 
Moderation of migration depends on improving agricultural incomes, 
especially among the more mobile portions of the agricul tural population. 
About 35% of the economically active population is landless labor. More­
over, subfamily size farms make up approximately 50% of aH farms. 
The existence of a highly mobile agricultural population that is very 
responsive to intersectorial income differentials, strengthens the argument 
for an agricultural development strategy that (ncreases rural inca mes of 
small farmers and landless laborers. 

SmaH-farm intensífication ís a necessary component in amehorating both 
rural and urban poverty in Latín America. Migration affects average 
nutrition of the low-income strata of the population. Studies have indicated 
that the nutritional situation of the urban pOOl" is inferior to that of the 
rural poor, even with higher incomes2. Given the importance of reducing 
rural-to-urban migration rates, another alternative is to allow for 
increased population access to land through frontier colonization. In 
comparison to migratian to urban areas, colonization schemes tend to 
be costly and do not result in significant population flows. In the Santa 
Cruz area of Bolivia and the "selva" of Peru such labor flows have been 
significant but have not solved the rural employment situation in the "sie­
rra". In the better soU areas of Parana, Goias, and Mato GroS$O in 
Brazil frontier settlement, and associated infrastructure development, 
has been rapid and effective. In general, however, the potential for ex­
pansion of viable family-size, crop-producing farms at the frontier is 
limited by soil constraints, lack of appropriate technology, poor access 
to markets, relatively high capital requirements and inconsistent land 
settlement policíes over time. 

Improvement of small farm productivity remains the most viable avenue 
in affecting rural (and urban) employment. For the case of Brazil, for 
example, 40% of rural employment occurs on farms of less than 10 

1 Lynam, J.K., Latín American Agriculture: a cross-sectional analysis 
in Trend Highlights of CIAT's Commodities, Econ. 1.6, CIAT, April, 
1981 . 

2 
J.O. Ward and J. Sanders, Nutritional Determinants and Migration 
in too Brazilian Northeast: A Case Study of Rural and Urban Ceara, 
Economic Development and Cultural Change, 29 (1980): 141-164. 
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hectares and almost 75% on farms of less than 50 hectares. To what ex­
tent can both labor productivity and employment be expanded in this farm 
size category? It is an empirical question whose resolution must focus on 
labor intensive crops, employment generating production systems, and 
yield raising technologies as necessary components. However, only under 
certain limited conditíons are strategies to simultaneously intensify both 
large and small farms compatible. If large and small farmers compete 
in the same commodity and large farmers continue to have access to 
the s u b si di z e d capital of most mechanization policíes, small 
farmers, in most instances, would not be able to compete. Any initial 
positive impact on small farm income would vanish and even become 
negative with the fal! in price. The inherent nature of Latín American 
agriculture argues for crop specialization by large and sman farms, with 
small farmers concentratíng on labor-intensive crops and large farmers 
on mechanizable crops, a current characteristic of Latín American 
Agriculture. Research on facílitating mechanization of labor intensive 
crops could shift the comparative advantage away from smaU farmers 
in these crops, and thus, even though such research may be effective in 
increasing the output of such a crop, the social benefits of these research 
investments could well be offset by the socíal costs. 

1 .1.6 A Combined Growth Strategy 

If food is to be supplied at reasonable price levels and mínimal incomes 
are to be assured through productive employment, then growth in Latín 
American agriculture will have to come from more productive employ­
ment of both land and labor resources. Enough publ ic and pri vate re­
sources are being directed at large scale agriculture to assure its con­
tinued dynamism into the future. An efficient grONth strategy would as 
well ínclude expansion on the frontier wlth intensification of production 
by small farmers. However, the compattbility of the three strategies 
rests on each group producing the crops in which they have comparative 
advantage and, especially, the large farmers not competing with small 
farmers in the same product market. Technical change ls a key element 
in a combinad strategy requiring a certain diversity in research invest­
ment, since the consistency of the strategy ímplies very strict design 
requirements for each particular erop. Table 1 .1 summarizes the 
comparative advantages of a range of commodities with respect to farm 
size and frontier expansiono However, to complete the picture it is 
necessary to consider the relative importance of the crops in food con­
sumption. 
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Table 1.1 Relative ComparativeAdvantage of Major Commodities Under 
Different Production Conditions 1 

Current Production Areas 
Commodity Small farm Large farm Frontier Land2 

Wheat x xxx 
Maize xxx xx 

Rice- lrrigated x xxx xx 
Rice-Upland xx x xxx 
Sorghum xxx ? 

Casseva xxx xx 
Potatoes xxx ? 
Plantain xxx 

Beans xxx x 
Soybeans xxx ? 

Sugar x xxx 

Beef xx xxx 
Swine x xxx 
Poultry xxx 

Milk 
Dual purpose xxx x x 
Specialized xx xxx 

.:!/ Crosses represent relative comparative advantage based on evalua­
tion for yield potential, labor versus capital intensity, and expansion 
potential. This classification is based on the subjective evaluations 
of C lA T sc\entific staff. 

V Predominantly acid, infertile soils. 
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1.2 The Goals in a Nutritional and Demand Context 

In developing market economies price is a fundamental determinant of 
food production levels, rural incomes, and nutrition. However, improving 
price incentives to farmers is often in conflict with cheap food staples 
for urban areas. Agricultural technology provides a potential wedge in 
the market mechanism allowing price reductions to consumers through 
cost reductions at the farm level. Maximizing the impact of new tech­
nology on nutrition will depend on understanding foad consumption patterns, 
particularly of the pOOl". 

1 .2.1 Nutritional Deficiencies 

In Latín America the most pressing nutritional problem 1s inadequate 
caloríc consumption among large sectors of the population (Appendix 2). 
Protein deficits are also encountered and are especially serious in 
vulnerable groups, such as low income children and pregnant women. 

Nevertheless, calorie inadequacies must first be overcome 01" protein 
additions will principally--and therefore inefficient!y--be utilized as 
energy source. In fact, where calories are limhing in the diet, a per­
centage changa in calories will hava a greater positiva effect on nitrogen 
balance than a proportionate change in (more expensive) protein. 

The true magnitude of the problem, however, is hidden when national 
averages of per capita availabUity of calories and proteín are used. 
Figw'es have more meaning when expressed as a percentage of the 
populatíon wíth diets below the mínimum requirements. Using such an 
indicator, the extent of the calorle defictts in Latin America appears 
to be indeed staggering (Appendix 3). It ranges from one-third of the 
papulation in Chile and Uruguay to over two-thirds in Guatemala. Inade­
quate calorie-protein availability not only implies reduced energy levels 
but also can result in permanent damage in vulnerable groups such as 
growing children. Future investments in human capital, such as health, 
education and training, cannot substitute for 01" undo human capital 
deterioratian resulting from inadequate diets in the early years of growth. 
Hence, improving nutrition of major segments of the population must be 
a principal concern of most Latin American governments to prevent 
human capital deterioration of their future work force. 

Increasing income, Le., an employment policy, is the most direct means 
of correcting nutritional tnadequacies. I he magnitude of the problem ts 
too immedtate to rely only on the longer term natura of such strategies. 
Necessary complements are to identify and increase productton of cheap­
el" nutrient souroes, and te utilize appropriate policies to tncrease the 
calorie and protein intake af the population strata with deficits. Under-
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standing the Latin American diet, and its diversity, is thus a necessary 
starting point in ascertaining the relevance of commodity choice for agri­
cultural research and its ultimate impact on nutrition. 

1.2.2 Subregional Importance of Major Staples 

Latin American food consumption patterns vary substantiaHy between 
regions. A consistently major source of calories in the Latin American 
diet is sugar, strictly a calorie source but important because of its low 
cost (Appendix 4). Maize is of considerable importance in Mexico, Central 
America and some Andean countries, but of lesser importance in the rest 
of Lattn America and the Caribbean. Wheat is important in aH regions 
but only in the Southern Cone dominates as the principal caloric source. 
Rice provided in 1972-74 over 12% of the calories in the Caribbean, Co­
lombia and Brazil. Cassava provided over 9% of the calories in BrazO 
and Paraguay (Appendix 4). Beef was an important source of calories 
in the Southern Cone and Paraguay and of protein in most of Latin America 
(Appendix 5). Beans provided over 10% of the proteins in Mexico, Central 
America, Paraguay and BrazO. 

In summary, from the aggregate food consumption pattern no one staple 
can be singled out as dominating across Latin American countries as the 
major source of calories and protein. 

1 .2.3 Diversity in the Diet 

In the rural sector, major sources of calories vary according to local 
supplies, which in turn vary widely throughout the region due to the extreme 
variability in edaphic and climatic circumstances. In the urban sector, 
large variance is observed in the food expenditures of the lowest income 
strata across cities and subregions (Appendices 6 and 7). Consumer bud­
get data from ten Andean cities (1967-1969) show that 15 to 30% of food 
expenditures of the lowest income categories were in beef and milk. 
Moreover, these percentage expenditure aHocations were maintained over 
the income categories. Beef was not only a preferred food in the Andean 
cities but the urban poor allocated a major portion of their food budget to 
a predominantely protein source. However, the principal nutrient deficiency 
is calories. Sugar and rice were also consistently important expenditure 
items in most of the Andean cities, but could not be said to dominate in 
total expenditures on caloric staples. Other sub-regionaHy important 
commodities in the food budget of the urban poor were wheat products, 
corn, beans, cassava and potatoes, but again there existed no single 
dominant staple. Diversity of the diet and subregional importance of 
the principal staples, are thus also major characteristics in the case of 
the u rban poor. 
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1.2.4 Technologyand Nutrition 

Agricultural tachnologies can haya indlrect effects on the diet of the low 
income urban population through their effect on foad prices. Declining 
food prices are desirable in this context, but product prices must also 
give proper praduction incentives to farmers. New technology can 
mediate these two conflicting roles of price in the market, but rarely will 
benefits be equally shared between both consumers and producers. If 
improving welfare of consumar has the higher policy welght, then choice 
of commodity should focus on non-exported food staples, in which quantity 
demanded is relatively unresponsive to changes in price 01" income. Quite 
naturally these commodities tend to be the principal foad staples of the 
pOOl". 

The case of the northeast of Brazil, containing the largest population 
concentrabon with nutritional problems in Latín America, could illustrate 
the case. Cassava f1our, beans/cowpeas ~ and rice are the principal 
sources of energy contributing more than 50% of the calories in the yet 
insufficient díet (Appendix 8). Beans/cowpeas were as important as meats 
and fish together as a source of protein (Appendix 9). Cassava flour, 
beans/cowpeas and rice were among the cheapest sources of calories 
and protein. The fact that in thls regíon expenditure in these commodities 
increases with income (Appendix 7), is indirect evidence that larger 
amounts of these specifíc commodities wiU be demanded by the low in­
come consumers if prices are brought down further. Here is where 
agricultural technology has an important role in reducing nutritional 
deficits in a regíon with acute nutritional problems. Moreover, in thls 
particular case the balance of beans 01" cowpeas with cassava helps off-
set the lower protein composition of cassava as compared with the cereals. 
Poltcies to stimulate production and consumption of these lowest cost 
nutrient sources would be expected to have a much more rapid effect in 
elíminating nutritional deficíts than the gradual shift to higher consumption 
levels of other high quality, high nutrient cost foods. 

1.2.5 Demand Growth 

As a direct consequence of the high rate of growth of population and the 
increase in income, aggregate demand for food in Latín America ís 
growing at 3.6% per annum, arate consistent with the growth in total 
food production (Table 1 .2). This balance is only apparent since: (a) in 
16 out of 21 countries foed production growth lagged behind demand CAp­
pendix 10); (b) in most countries nutritional problems have continued, if 

1 Close substitutes in northeast Brazil, statistically reported together. 



Table 1.2 V .... IOU5 Indlcator.s of growth and tmportance of selected commodlttes In the L .. tín American food economy, 
1960-Hl78. 

Percent 
Contributlon Contrlbut1on or rood budget 

to total to total spent by lowest 
Growth In Growth in Growth In Growth In Total c .. lo,...ie proteln income 

demand prOOuctlo<"l at"'ea yields I='roduction!l Consumptlon consumptton str .. ta 

--------------------- P E R C E N T ----------------------------- Andean clties!Y NE BrazU.=I 

Wheat 3.4 1.9 1.4 0.5 8 18 15 4";17 4 
Maize 2.6 1 • 1 1.7 40 16 15 0-6 3 
Sorghum 12.5 9.2 3.3 9 
Rice 3.5 3.3 2.8 0.5 18 9 7 2-14 7 

Potatoes 3.3 2.3 0.0 2.4 3 2 2 
{2-11} Cassava 2.4 1.9 2.4 -0.5 17 4 12 

Tota 1 pulses 3.0 1.4 1.7 -0.3 6 5 13 1,..7 1e-
Beans 3.0 0.3 1.1 -0.8 5 3 11 n .. 8.. n.a. 

Beef 5.4 3.4 58 5 14 9-24, 9 
Pork 4.5 4.1 22 1 4 0-2 5' 
Chicken 6.1 9.5:::! 20 1 3 0-3 3 

Mi1k 5.5 3.9 6 12 6-18 4 

Agricultural 3.6 3.5 2.0 1.5 100 100 
Sector 

.!YTropicalcountrles only¡ 1976 data. First column incl~des only meats expressed in carcass welght. 
Second column ineludes cereats, grains, root and tubers aH expressed in cereal equlvalents. 

El Ranges for 12 
YI975(SOurce: 
,5/1970-78 

Andean clties 
Apendlx 7) 

Fo,... perlod 1968-72 (Scurce: Appendix 6) 

Source: Unless otherwlse !ndlcated estimates are from FAO Productlon Tapes, .."é' FAO FOOd Balance Sheets ro .. 1972-74. 

-'" 
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not worsened, sinee growth in production of major staples lagged behlnd 
demand; and (e) those commodities in which productton increased most 
rapidly (export crops, feed grains and poultry) had more impact on the 
diet of the middle and high income strata than on the diet of the poor, 
where the bulk of the nutrítional problems líes (Appendices 6 and 7). 

Given the skewed income distribution in Latín America 1, income growth 
has resulted in the highest demand growth for those food commodities 
most preferred by the middle and high income strata. As a response to 
high demand growth, production of those commodities has increased 
rapidly, so me times at the expense of more basic food crops. Such is 
the case of poultry and, indirectly, of feed grains. !he annual growth 
rate of poultry production was 9.5% from 1970-78 in Latín America as 
compared with 3% in the U. S. Production growth of sorghum and soy­
beans for feed, exports, and soybean oil was even more rapidQ The 
dramatic expansian of soybeans in the BrazHian south helped push bean 
produetion into more marginal areas. In Brazll an% Mexico 44 and 32% of 
food crop utilization in 1972-74 was for animal feed. Over the perlod 
1961-65 to 1974-76 maize aceounted for more then one half of the produc­
hon growth of foad staples in Brazil whereas sorghum was responsible for 
nearly ane-half of the increase in Mexico~ 

From 1961-65 to 1974-76 the Brazitian growth rate in the use of cereals 
for feed was 6.3% and the Mexiean growth rate was 16.4%. In develop­
ing eountries with rapid inereases in incomes the totel use of cereals 
for livestock feed has increased cansíderably faster than the use of 
eereals for human eonsumption. 

In summary, in response to a higher growth rate of demand due to higher 
purchasing power of the middle and high ineome groups and to high export 
demand, produetíon ís growing faster in the case of poultry, feed grains 
and export erops than in the case of ealorie and protein staples. Produe­
Han is substantially lagging behind demand growth in the case of maize 
for direet consumption, wheat, rice, eassava, beans and beef. 

1 J. Shaíl, Size Distribution of Ineome: A eomplilation of data, the 
World Bank, Washington, O.C., 1975. 

2 CIAT, Latin Ameriea; Trend Highlights for CIAT Commodities, 
Internal Oocument Eeon. 1.5, April 1980, pp. 77-134. 

::3 K.L. Baehman and L.A. Paulina, Rapid Food Produetion Growth in 
Seleeted Oevelaping Countries: A Comparative Analysis of Underlying 
Trends, 1971-76, Research Report 11, International Food Poliey Re­
search (lFPR!), Oetobe'r 1979, p. 30. 
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1 .2.6 Priority on Majar Staples 

In Table 1 .3 a ranking of the principal Latín American commodities from 
both the nutriUonal and demand growth perspective is summarized. Both 
wheat and maíze are important as calorie sources and their demand is 
increasing for food and feed, respectively. Rice, beef and milk are al­
ready important in providing calories and proteins in most of Latín 
America. Moreover, a rapíd demand in crease is expected for these com­
modíties, especially beef. Cassava and cassava flour are extremely 
low cost calorie sources and important sources of calories in Brazíl and 
Paraguay, countries which account for 40 percent of the population in 
tropical Latin America. Countríes implementing nutritional programs for 
their lowest income sectors could take advantage of the low cost of 
calories from this crop and cassava's potential to be produced on less 
fertile soils. With technological c hange in marketing and/or processing 
fresh cassava may have a future potential growth as a food and/or feed. 
Beans are important sub-regionally for protein and are the lowest cost 
protein source. Beans could be an important complement to a nutritional 
program aímed at increasing cassava consumption since protein deficits 
become an important concern once calorie deficits have been overcome. 
Rising bean prices in many countries indicate that demand growth is 
exceeding that of supply in recent years. Finally, the fastest growing 
demand is for poultry, substantially affecting the derived demand for 
sorghum and soybeans. However, the combinad impact of growth in 
poultry and feed grains on relieving nutritional prcblems is not as high 
as in the case of the more basic staples, viz., maíze, wheat, rice, 
cassava, beans, beef and milk. 

1.3 Commodity Choice and Research Strategy 

As discussed in Section 1.1 • within the Latín American agricultural sector 
there is a substantial heterogeneity in farm units in terms of landjlabor 
ratios. This results in substantial heterogeneity in production technologies, 
a certain crop specialization by farm size, and differential returns to 
production resources across farm size units. Within this highly skewed 
land distríbution a dynamic large farm sector has either emerged (aided 
by subsidized mechanization schemes) or Hes latent. This dynamism 
can produce canditions in which competítion dríves less efficient farmers 
or less productive labor out of the agricultural sector. Very raptd 
rural-to-urban migration hes characterized Latin American economíes, 
requíring substantial investments in social infrastructure and in many 
cases swampíng urban employment generating capacity. Moreover, a 
substantial portian of the rural-to-urban migrations enter into the low­
productivity service sector, often with a decline in nutritional status. 
Thus a labor-intensive, small farm development strategy is a necessary 
complement to the dynamic large farm sector. The two strategies wiU 

i 
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Table 1.3 Sl".Iml'T\ary evaluatton ot the principal oommocHties basad on nut,..tttonal tmportance and expected d~mand CJrowt,..¡l/ 

lmportant Calorte Sub Regtonally tmportant Protetn Sub Regtonally Low cost Low cost Rapld demand Rapid ~emand 
Sout"'Ce 1n ¡mportant Component tn lmportant Protetn Calorle Proteo1" Expanslon ro,.. Expansion FO,. 

Latin Ame,.tea Calorte Sour"c:e Latln Amertea Souree Source Source FOOd Feed 

9 ... gar X X 

Rice X X X 

Ma1ze X X X 

Wheat X X X 

Sorghum X 

Potatoes X X ¡;; 

Cassava 
Orled X X p' 

Fresh (X) •• P 

F\eld Seans X X X 

90ybeans X 

Se"f X X X 

Mllk X X X 

~~ed on Appencllcea 1-10. 'P: Potentla¡ Impol"tance •• ( ): Few countl"les only 
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be more cons[stent wlth each other lf competition ls minimized, Le., if 
the two sectors of smal! and large farms do not effectively compete in the 
same commodi ty market. 

Targeting technology impact to small-scale farmers requires the existence 
of crops in which these farmers have a comparative advantage and the 
design of technologies which maintains this comparative advantage. How­
ever, the impact of food production and price will obviously be much 
more limited than if larger farmers were as well drawn into production. 
Thus, some concern m'.Jst be given for the importance of these commodi­
ties in the diets of the urban pOOl", since there exist trade-offs between 
benefits for the rural vs. the urban pOOl". The Latín American diet ls 
marked by substantial variability between regions. Maize, wheat, rice, 
cassava, sugar, beans, and beef are all important sources of calories 
and protein, but the degree of importance varies by region. Depending 
on the region, the choice of any one of these foad staples wHl have an 
impact on the nutrltion of the pOOl" through technology intraductlon. 

If new agricultural technology is to contribute simultaneously to growth 
and equity goals, research cannot concentrate on only one crop, .ene 
ecosystem, 01" one particular group. As the above discusslon has high­
Hghte4a conslstent crop selecUon and research strategy ls required if 
CIAT is to contribute to impact on growth, income, and nutrition goals. 

It ís recognized that due to the heterogeneity of Latin American agricul­
ture there is no one crop that could contribute significantly to total 
agricultural production and, simultaneously, sígnificantly affect the 
rural and urban pOOl" (Table 1.3), as is the case of rice in Asia. In 
chosing to do research on a portfolto of crops CIA T attempted to chose 
crops in which, by complementing national and other international re­
search institutions, the total contribution to the socio-economic goals 
is highest. A first requirement was that these should be prédominantely 
food staples. Secondly, the choice of crops should be such that so me 
provide for an increase in the praductivity of small farmers and their 
income, while others should contribute to the expansion of agrícultural 
production on both good lands and on the frontier. These research thrusts 
are reflected in the division of CIAT into crop research and land systems 
research. The consistency of the strategy is in fact built around the 
Center' s choice of crops: beans, cassava, rice, and tropical pastures 
for the acid, ínfertile soíls. 

Each has regional lmportance as a calorie andjor protein source. In 
terms of contributing to the major nutritíon problem (Le., caloríes), 
maize, wheat, 01" sugar would have been other possible choices. The 
ftrst two are under the mandate of CIMMYT. Sugar, on the other hand, 
is already the 10west cost calorie source in the díet partially reflecting 
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the large investment ín research that has already gone into this crop. 
Other possible crops lmportant from the production point of view, but 
of lesser significance in achíeving the overall socio-economíc goals, are 
sorghum and soybeans. These crops, however, are not food staples 
(except soybean oil) and would tend to benefit more the míddle and high 
income consumers and large farm producers. These crops are, however, 
displacing other feed and food crops grown in goOO lands. Given CIAT's 
size and budgetary límítations, and the early state of technology develop­
ment in the four current programs, it is too early to conslder adding 
any of these commodities as core funded programs at thís time. However, 
special projects with the specific goals of developing varieties of sorghum 
and soybeans adapted to the acid soils could be hosted inasmuch they 
are also consistent with socio-economic goals and complementary alter­
natives to upland rice, cassava and tropical pastures for the frontier 
areas. A possible CIAT involvement with these crops ís discussed in 
section 4.3.2.3. 

A brief description follows as to why CIAT's portfolio of craps provides 
the best balance in meeting both production and nutritíon goals in Latin 
America and how the research strategies in each case is consistent 
wíth the overall socio-economic goals. 

1.3.1 Tropical Pastures 

Beef is a principal part of the Latin American díet and forms a major 
portion of the food budget, even among the pOOl". Demand for beef in 
Latin America is increasing at arate that ls far outrunnlng growth in 
production. Moreover, beef ls an extensively produced commodity and 
the production systems do not require well-developed infrastructure 
for inputs 01" marketing outputs. In terms of fostering expansion at the 
frontier, beef production is a logical choice. 

The research strategy of the Tropical Pastures Program has focused 
on relieving the principal constraints to extensive beef productíon systems 
in the acíd, ínfertile soils of Latín America, with emphasis en the savanna 
regions. The constraints lay primarily in the low nutrient production of 
the pasture system, especíally in the dry season. The search for adapt­
ed and more productive grass and legume specíes was considered to be 
the key to developing a low-cost, mini mal input technology for these 
areas. 

j .3.2 Cassava 

CaSsava ts a traditienal calorie source of the rural population in Latin 
America but has limited importance in urban araas, except where 
consumed as a flour, especially in BrazU. The plant ts extremely ef­
ficient in the production of carbohydrates and is particularly well 
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adapted to more marginal agricultural conditions. Its low purchased input 
requirements, relatively hígh labor requirement, adaptability to intercrop­
ping systems, and flexible harvest perlod result in production originating 
from small farm systems. Given that demand is sufficiently elastie, the 
crop is ideally suited to intensifying smaU-farm production systems. 
The potential for developíng alternative end uses for cassava, such as 
starch as a carbohydrate source in animal feed, and as raw material for 
ethanol production, appear to guarantee this market elastieity. Compet­
itiveness in these markets, however, appears to be dependent on lower 
productíon costs, that ¡s, improved production technology. 

The research strategy in the Cassava Program has three principal thrusts: 
(a) development of low-cost, mínímum input technology, particularly 
directed at small farmers; (b) research on developing cassava as a crop 
for expansíon into the frontier; and Ce) research on more effícient proces­
sing and utílization technologies. The Program combines research on 
both productíon and utílization technologies, since a primary constraint 
in cassava productíon systems ís its rapid perishability after harvest, 
as well as to insure that processing technologies are of a sufficiently 
small scale to allow resource pOOl" farmers access to end markets. As 
such, cassava is one of the few crops through which improved technology 
can result in increased productivity of small farm systems in more 
marginal production zones. 

1.3.3 Beans 

Beans are an important protein source particularly in Brazil, Mexico and 
Central America where they constitute between 10-20% of the proteins 
(Appendix 5). Bean production is stagnant in Latín America, with 
area expansion utilized to compensate for yield declines in most countries, 
especially Brazi l. Most bean production comes from the small farm sec­
tor, where beans are typically produced in association with other crops, 
príncipally maize, and on the poorer lands. The maize bean association 
is labor intensive but gives high returns per unit land area. 

Bean productivity is low as a broad spectrum of insects and díseases 
attack this crap. Due to the devastating nature of many bean diseases 
farmers often prefer to plant beans in marginal rainfall conditions. More­
over, governments seldom provide adequate príce supports or other 
financial incentives to bean producers. As a consequence of these physícal 
and economic factors discouraging bean production, few farmers are 
prepared to use expensive inputs such as fertilizers 01" chemicals for 
disease control; hence, yields are low. Yields and returns have been so 
low that beans have been displaced from former production areas (such 
as parts of southern Brazíl and the Cauca Val1ey in Colombia) by more 
profitable crops. In the last decade bean yields in most Latín American 
countries have been dec1ining due to these crop shifts and the inability 
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to maintain even low yields at the extremely low levels of input use. 

The research strategy of the Sean Program is to increase bean produc­
tivity through the incorporation of multiple disease resistance into com­
merdal cultivars. Tolerance to drought and moderately low fe rtil it y 
levels is also sought. The search for cultivars able to fix atmospheric 
nitrogen is also emphasized. The Sean Program strategy focuses on 
stabilizing and increasing bean yields without major increases in 
purchased inputs. Nevertheless, once new varieties are available 
moderately increased input le veIs will be economically feasible due to 
higher potential yields and reduced yield variance. The emphasis of the 
strategy is on obtaining production increases without major increases 
in input costs so that the príncipal producer of beans will remain the 
small farmer. 

As a large part of bean production comes from climbing beans, which 
are almost entlrely produced in associatlon 01' in relay with maize, the 
Program is dedicating a considerable effort to the improvement of beans 
in association, while maintainíng maize yields. Such technology is 
again most appropriate for the small farmers due to ¡ts very high labor 
requirements . 

1.3.4 Rice 

Rice is a major calorie staple in the Caribbean, Brazil and many countries 
of the Andean Zone. In most of tropical Latin America, rice consumptton 
has been increasing as a rapidly urbanizing population has shifted from 
other staples to rice as a principal calorie source. This procesS has 
been hastened by the stable (01' even decliníng) relative price of rice, as 
product.ion has kept up with demand growth in most Latín American 
countries. In many cases this rapid production growth has been as a 
result of the introduction of improved variebes, combined with rapid 
adoption by mechanized farmers in favored rice areas. 

Rice ís predominantly a large farmer crop but there is nevertheless a large 
diversity inthe types of production systems utilized, varying between 

intensive irrigated systems to extensive upland systems on the frontier. 
Average yields in the different systems vary markedly. The principal 
factor determining the type of system is the rainfall pattern and possibili­
tíes of improved water management. The relevant íssue for most rice 
producing countries is the choice of system in which to invest research 
resources. The new technology has primarily benefited the írrigated 
sector and farm yields are rapidly reaching the feasible yíeld potential 
of the current technology. Future yield increments in this sector will 
not be as dramatic. For maintaining growth in rice production the invest­
ment issue centers around the benefit cost ratio of investing in, and 
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expanding irrigated land vis-a-vis raising productivity of upland produc­
tion. The potential for meeting increased rice demand from irrigated 
are as and from upland areas varies among countries. 

CIAT's Rice Program recognizes the need to focus on research for both 
irrigated and upland conditions. For irrigated rice, the largest yield 
gains have already been made in most countries and the focus will 
principally be on maintenance research, and in basic research to develop 
rice blast and Sogatodes leaf hopper res istance. The upland research, 
on the other hand, will concentrate on selecting for adaptation to stresses 
characteristic of upland conditions. This research will focus on those 
upland areas with a more stable rainfall regime, where the chances of 
achieving a significant yield increment are the highest. The upland re­
search strategy focuses on the utilization of land at the crop frontier 
which will be grown under relatively extensive, mechanized conditions. 





Chapter 2: THE PLANNING CONTEXT: THE ROLE OF NATIONAL 
PROGRAMS AND CIAT 

Effective agricultural research is a continuum, encompassing that range 
of activities fl"Om basic research, such as genetic engineering, to mont­
toring of farmer adoption of impl"Oved varieties and cultural practices. 
This research continuum encompasses a complex of interaeting institu­
bons, running the gamut fl"Om basie to applied research, and from re­
search to extension activitíes. The National Research Institutions and 
the lnternatlonal Centers each occupy a particular ntcOO in this institu­
tional complex. 

2.1 The Role of National Pl"Ograms 

CIAT recognizes that of the various institutíons in too technology transfer 
eontinuum none are more important than the national agencies involved in 
agricultural research and development. It is only through strong national 
programs that the new technology can be evaluated under varied local con­
ditíons, modified as necessary and eventually be transferred to the farm­
ers along with too essential support services required to make the tech­
nology useful and viable for the producer. Every effort is made by CIAT 
to maintain cordial and productive collaboration with its prime partners, 
the national institutions. In the area of CIA T' s competence, and within 
the limits of its resources, every effort wUl be made to strengthen the 
capacíty of these institutions to carry out their functions as full and 
effecti ve partners in the research continuum. 

Whíle fully recognizing the absolutely vital role of national programs, this 
document i5 a long range plan for CIAT. Adequate coverage of the role 
of natíonal institutions would require a separate volume. However, this 
planning document is based on the suppositíon that an intarnatíonal center's 
activities must be complementary to and carríed out in close coordination 
with those of national programs. The strategy fer such complementarity 
is described in section 4.3.2, and too principIes for such cooperation are 
summarized in section 4.3.4. 

The International Centers have been establíshed to serve and complement 
the actions of local institutions, in recognition of the urgency to develop 
improved food production technology in the tl"Opics. Thus, these new 
institutions have been inserted into the agricultural development panorama 
as an added dimensíon. The role of an lnternational Center must be 
examined in the context of additíonaltty and complementaríty. It is es­
sential that national programs be strengthened and that lnternational 
Centers are involved only in activitíes for which they haya a clear, com­
parative advantage and can most effectively provide a useful service to 
national programs. CIAT' s unique role in helpíng overcome technological 
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and institutíonal constraints must be examined in thís contexto 

2.2 ClAT's Role in Technology Development 

ClAT's comparative advantage in the Latin American context líes in tech­
nology development in three basic areas. 

2.2.1 Focus en Basic Food Commodities 

Agricultural research in Latín America has focused on the more dynamic 
growth sectors in the agricultural economy, essentially the medium to 
large farm sector. Before the development of a large domestic urban 
market, growth came in tropical export crops, such as sugar cane, cotton, 
coffee, cacao, and rubber. lt was these crops which receíved the bulk 
of the research resources. With the rapid urbanization of the last three 
decades and the orientaban to import-substitution development schemes, 
the principal growth sectors have shifted to highly income elastic food 
and feed crops, again principally associated with large-scale mechanized 
production patterns (see 1.1.3). Thus, past efforts have given relative-
ly Httle attention to the crops which are the most important sources of 
calarles and protein for the largest number of people and serve as a 
source of income to the largest number of farmers. The international 
centers, as they are able to concentrate on these commodities, can make 
a unlque contribution towards overcoming the large knowledge gap which 
still exists on the basic food crops, particularly when they are grown by 
low resource farmers. 

2.2.2 Technology Development for Low Resource Farmers 

Compounding the paucity of research on baslc food crops ls the fact that, 
in many cases, the relatively little research done en these crops has 
been conducted under experiment stations conditions approaching more 
closely conditions of large, mechanized, irrigated farms. ClAT's 
emphasis on techno1ogy appropriate for use under the constraints faced 
by small farmers, and its cooperation with nationa1 programs in strength­
ening and developing methodology for on-farm evaluation of technology, 
allow the Center to paya special role in developing techno1ogy for farmers 
with limited resources and for the 1ess favored enviranments. 

2.2.3 Technology Development for Expansion of the Frontier 

There is also a lack of technology which wiH make posslble the rational 
expansion into the frontier areas of tropical America. The low natural 
fertility of the soils together with a series of more localized problems 
are the chief reasons why these vast areas (approxímately 50% of tropical 



- 24 -

America) still remain significantly underutilized. As an international 
center, CIAT can and must look towards the longer term future as well 
as the immediate needs and therefore has a comparative advantage in 
developing appropriate technology which will make possible logically 
sound and more intensive utilization of those areas apt for livestock 
production, eventually combined with crop production, in the frontier 
regions. 

2.3 CIAT' s Role in Overcoming Institutional Constraints 

Solution of the technical constraints for improving agricultural produc­
tivity is often inhibited by institutional barriers. An international center, 
both by its additionality to the resource mix, as well as by the flexibility 
and agility resulting from its apolítical, non-governmental nature, can 
contribute in various ways to overcoming some of these institutional 
constraints. These include: 

2.3.1 Investment Level and Priority Definition in Agricultural Research 

There is ample, documented evidence that agricultural research plays an 
important role in agricultural development and that this is a highly prof­
itable venture. This recognition has be en reflected in the fact that agri­
cultural research expenditures in Latin America have increased from 
US$61 million in 1965 to US$129 million in 1974. Nevertheless, in 1975, 
Latin America ranked last among the regions of the world in terms of 
research expenditures as a percentage of the value of agricultural products 
produced (Appendix 11). International funding for CIAT can contribute to 
the increase in total investment in agricultural research for the region, 
since most contributions to the Center come from sources which are not 
competitive with those funding other agricultural research institutions 
in the region. 

The positive results coming out of collaborative efforts between CIAT 
and national programs can also stimulate national planning and treasury 
officials to recognize the value of agricultural research and increase the 
relative levels of funding for national research institutions. Additionally, 
there is an evident tendency by international organizations to increase the 
level of their loan and technical assistance support for national agricultural 
research systems as they recognize the importance of having strong na­
tional institutions to most profitably cooperate with the international 
centers. Thus, the role of CIAT is additive as well as stimulative and 
catalytic in increasing investment in this important and profitable area 
to a more reasonable level. Moreover, there exist large economies of 
scales in research at a certain level of the research continuum. This 
level depends on the degree of development and self sufficiency of each 
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and all nationa! programs in eaeh erop or eommodity. Avoidíng unneees­
sary duplieations in many small sea1e programs will certain!y allow for 
a more cost effective utilization of the total limited resources avaUable. 

While tOOre are understandable pressures for national instttutíons to 
spread tOOir research efforts over a bread range of export, plantation 
and food eommodíties, the international centers are concentrating only 
on basic foods and through division of labors between individual centers 
have too luxury of focusing their efforts on only a few commodities. 

Thus, CIAT, by maintaining a sharp focus on only a few crops, can make 
more rapid progress in developing teehnology for tOOse eommodities. 
By demonstrating the usefulness of coneentration it can also have a 
eatalytic effect in helping national programs establish clearer priorttles, 
and thus avoid the dangers of over-diversification. 

:2.3.2 Building Human Capital 

The insufficíency of qualified manpower ls one of the most serious Iimiting 
factors in development of new technology. Data in Appendix 12 supports 
the belief that Latin America as a regíon has a low level of human resources 
available for research and extension in terms of man-years of scientists 
and extension workers, relative to the value of agricultural products 
produced. The major responsibility for increasing numbers of trained 
agricultura! scientists must continue to lie with the universities in the 
regíon. Provision of scholarships for higher degree traíning should 
remain the responsíbilíty of national programs with the support of donor 
institutions. CIAT has a comparative advantage in providing postgraduate 
trainíng in specialized commodity areas and thus increasing the human 
capital available in these partícular areas. By stimulating better support 
and presttge for agricultural research ít can also be catalytic in improving 
working conditions and remuneration to help overcome the 'brain draín' 
which often aggravates the manpower supply problems. 

2.3.3 Stimulating Better Orientation of Research and Training 

Some research institutíons emphasize academic, publication-oriented 
disciplinary research. This is particularly true in universitíes, and thus 
affects a large portion of the valuable human capital available for agricul­
tural research as well as the orientation and quality of professionals trained 
in these institutions. As a center of excellence emphasizing problem 
solving, production-oriented, interdiscíplinary research, CIAT can 
make a speeial contribution towards demonstrating that practival re­
search can also be highly stimulating and intellectually rewarding. By 
collaborating closely with Latin American universities, especially in the 
aree of thesis research for higher degrees given by tOOse universities, 
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CIAT can help strengthen the apphed orientation of the research in 
university instltutions as well as of the manpower they produce. 

2.3.4 Strengthening the Links Between Research and Extension 

In some Latín American institutions agricultural research and agricultural 
extension are well integrated; however, in many countries these activities 
have developed and continue to operate independently. While CIAT is not 
actively engaged in agricultural extension its emphasis on collaborative 
acttvities with national instituttons for on-farm evaluation, its training 
extension speciahsts in selected commodities, and its collaboration with 
national programs in developing in-country training, can help butld tI,,,, 
bridge between these two important functions. Farm level research on 
technology evaluation has and will continue to receive increasing attention 
within the CIAT commodity programs. Wherever possible CIAT will 
attempt to catalyse this activity and assist in training of personnel fOr 
this work within national programS. Farm level research providas an 
excellent means of integrating the acttvities of research and extension 
personnel. 





Chapter 3: CIA T HISTORY ANO ACHIEVEMENTS 

The agreement between the Colombian government and the Rockefeller 
Foundation to found CIA T was dated 12 May, 1967. The first Board of 
Trustees was he Id on 17 October, 1967. The official Colombian govem­
ment decree establtshing CIAT as an instttution was dated 4 November, 
1967. Facilities of CIAT's headquarters were dedicated on 12 October, 
1973. At that time its core senior staff numbered 39 (about one half of 
1981 figures). Thus, a large portion of CIAT's current program activities 
are ten years old 01' less. 

Fundamental to the various research and training achievements summa­
rized at the end of this Chapter e3 .4) and of special importance in estab­
lishing the basis for a long-range plan for the '80S, are the achievements 
of an institutional nature which have been accomplished since CIA T' s 
ínception. These relate to sharpeníng of program focus, development 
of policíes and development of facilities and institutíonal relationships. 

3. 1 Evolution of ClA T mandate 

3.1.1 The Original Broad Base 

Thanks to a very active and interested Board of Trustees, which has con­
tinually insisted on rigor of analysis and increasing clarity of objectives, 
much progress has been made in the development of a clear Center 
philosophy and a sharpening of focus from the very broad base with which 
CIAT began. 

The successes in the mid-1960s of the International Rice Research 
Institute, IRRI, in the Philippines and of the Centro Internacional de Me­
joramiento de Maíz y Trigo, CIMMYT, together with the pending establish­
ment of an lnternational Institute for Tropical Agriculture, lITA, in Ni­
geria, prompted the Ford and Rockefeller Foundations to consider the 
problems of the hot tropics of Latin America. Dr. Lowell S. Hardtn 
(FOrd Foundation) and Dr. Lewis M. Roberts (Rockefeller Foundation) 
were commissioned by their foundations jointIy to study the problems 
of agricultural productivity in that area and to recommend a course of 
acUon. The result of this study was the document "A Proposal for 
Creating an International Institute for Agriculture Research and Trainíng 
too Serve the Lowland Tropical Regions of the Americas", written by 
Roberts and Hardín and dated October 1966. The document hereafter 
referred to as "the original proposal" commented on the varíety of 
ecological zones of the Latín American Tropics. lt divided the area 
into three classes, viz., 

a) favorable -these have unexploited potential and include the northern 
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coastal plains of Colombia, the Caribbean and Pacific littorals of 
Mexico and Central America, the Pacific Coast of Ecuador and 
Eastern Andean slopes between 500 and 1000 meters from Venezue­
la to Bolivia; 

b) unfavorable -the hot humid jungles of the Amazon and Orinoco 
basin and Colombian Pacific coast; 

c) unclassified -the central plateau of Brazil and the Llanos of Vene­
zuela and Colombia. 

In addition the original proposal identified high priority problems 
for the institute's attention. This extensive list of commodity and produc­
Hon system responsibil ities is shown in relation to the discussion of sub­
sequent modifications in secUon 3.1 .2. 

The report also stated that "the proposed institute would follow in many 
respects the successful lnternational Rice Research Institute model"; but 
then says, "the Latín American Institute would not be concerned with a 
single crop 01' enterprise. It would concentrate on the identification and 
solution of tropical crop and livestock production and distribution pro­
blems and on the training of people in a problem-solving research and 
educational environment". 

Thus, the concept of the institute seemed to embrace both an ecological 
base and multi-commodity base. However, tt is also apparent that the 
authors recognized the complexity of an ecologtcal mandate for an instttute 
and optad for a set of commodities as the means of moving agricultural 
productívity within the ecological zone. 

Following the establishment of CIAT and appointment of its first Board 
of Trustees, the programmatic scope and operational philosophy of the 
Center were defined in greater detail by the management and the Board. 
Inítially, this resulted in somewhat of an expansion of the scope envisaged 
in the original proposal. Thus, a broad foundation of deve10pment goa1s, 
geographic and ecosystem scope and commodity responsibilities WalS laid 
down in the first years of CIA T' s existence. This provided the base on 
which the Center could, wíth experience and further studíes, bulld a 
solid, smaller edifice. 

3.1.2 Refinement of the Mandate 

Since the earliest years a progressive refinement of CIAT's objectives 
and scope of activities has characterized the Center's development. 
Thís has resulted in a marked reduction in the number of commodities 
covered; a clarification and sharpening of the program strategies and prior­
itíes; and a narrowing of the geographic and ecologica1 focus. The current 
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objeetives and strategies are spelled out in Chapter 4. The modifications 
to the program responsibil íhes from those oríginally envisaged in the 
original proposal are summarized in Table 3.1 . 

Such major refinements and re-definitions of programs have not come 
about easily nor eapricíously • .As important as the actual changes made 
has been the evolution of the way in whích the cooperatíng instítutíons, 
the Center staff and management, and the CIAT Board interaet in the 
making of important potiey deeisions. These are díscussed in the following 
section. 

3.1.3 Mechanisms for Program Review and Modification 

3.1 .3.1 LOC partícipation. The views of the scíentists and polícy makers 
of the chief collaborators and clíents for CIAT's products, Le., the coop­
erating institutions in the countries CIAT serves, playa vital role in the 
development of policíes and operatíonal procedures of CIAT. Over the 
years various mechanísms have been developed to facil ¡tate thís essential 
ínput. These inelude: 

a) Board membership. A high proportion of the members of the CIAT 
Board of Trustees are from tropical, developing countries, especial­
ly Latin Ameríca. 

b) Senior staff seleetion. Nearly one half of C IAT' s senior staff are 
citízens of tropical, developing countries, and thus, bring with 
tham an intimate knowledge of LDC production problems and require­
ments. 

e) Consultation travel. CIAT staff travel extensívely in the course of 
their work and thus eonsult frequently wlth eolleagues on research 
priorities and government polieias. 

d) Policy level consultation. CIAT regularly organizes seminars to 
whieh cooperating institution leaders are invited and at which their 
views are sought regarding ways in which CIAT can improve the 
effectiveness in its technology generabon and international coopera­
bon aetivíties. These are basically of the two types: 

1) Seminars on advanees in research -at which the CIAT programs 
present their results and ptans and seek suggestions for changes. 

2) Special tapie workshops -sueh as one held in November, 1977, 
on r\ce, at whieh rice research leaders from throughout tropical 
America were invited to advise the Center on che future nature 
of íts Rice Program activities, and from which came the recom-
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trate its .ffort$ on (3 single root crop, CO$$OvQ. 
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mendabon that CIAT begín work on Up!and Rice. 

e) Program level consultation. Eaeh commodity program organizas 
pariodie workshops wi lh cooperators in testing networks Or with 
eooperators on specifie research topics, and in which the eooparators 
have an important voíee in the design and futura p!ans of cooperativa 
testing, and on C lA T program strategies. 

3.1.3.2 CIAT staff and managament involvement. While priority setting 
and program planning is a day-to-day activity of Center staff, and is 
periodically formalized in the Biennia! Program end Budget proposals, 
there are two sets of activities which merit special mentian in relation 
to the interaction of Canter staff with the Board in the development of 
Center po! icíes. These are: 

a) Annual program review. This is basically an interna!, peer review 
at which al! senior staff contributa to díscussians of results and 
plans of aH programs. The methodology for such revíews has 
evolved at CIAT so that a very frank, constructive and critica! 
discussion takes place. The Program Committae of lha Board 
attends and participa tes in these reviews. 

b) Pos í tion papars. The C lA T Board has fraquently usad the mechanism 
of raquestlng tha management to present a "position paper" when 
faced with questions of a policy nature regarding any of CIAT' s 
program actlvities. These are normally prepared in draft by the 
program concerned, then submítted to peer revíew at an internal 
workshop. Sometimes an external review or a specia! workshop 
with outside consultents have been used to help define positions. 
Finally, the management presents the position paper to the Board, 
normally through the Program Committee, en important arm of 
the Eoard discussed balow. 

3.1 .3.3 Program Committee of Board of Trusteas. In 1974 the Board 
of Trustees establ ished a Program Commíttee as a standing commíttee 
of the Board to report and advise the Board on matters concerned with 
the program of the Center. Specifically, the Program Committee was 
charged with the responsibility of advising the Board on the broad problems 
of research strategy of the Center and on research requirements, par tic -
ularly staffing as it affects the budget. 
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3.2 Instítutional Oevelopments 

3.2.1 Program Orgar¡izatíon 

Ir¡itíany the Center' s research activíties were made up of commodíty pro­
grams staffed by personnel organized in disciplinary groups, with an 
individual scientist' s time ofter¡ budgeted in fractions of man-years in 
each of several programs. Through severa1 management and budgetary 
steps the staff has now been organized so as to place program scientists 
entirely in one commodity or another, wíth management of each multi­
dísciplinary commodity team clearly the responsibility of the respective 
Program Coordinator. Important changes integrating the Center's training 
activlties more fully into its respective commodity programs have also 
taken place. These are described more fully in Chapter 6. 

3.2.2 Administrative Organization 

Severa1 changes in the organizational structure have taken place to accom­
modate the varíous program changes described aboye, and the growth of 
the Center. Research, traír¡ing and support actívities are currently orga­
nized within three dírectorates: Crops Research, Land Resources Re­
search, ard lnternatíonaI Cooperation. Administrative and financial 
functions are managed by the Executive Offícer and Controller respect­
ively. These five principal officers are directIy responsible to the 
Director General. More details of the current organízation structure 
are i llustrated in the organigram shown on Appendíx 13. 

3.2.3 Institutional Unkages 

An important part of CIA T' s achievements in íts formative years, and an 
essential base for the activíties programmed for the '80s, ts the develop­
ment of strong collaborative institutional relationships, since it is clearly 
recognized that CIAT acting alone is ineffective. Therefore, cordial and 
productive relationshíps both of a formal (through various signed agree­
ments) and of an informal nature have been developed with national pro­
grams through the continent, with regional ard international organiza­
tions and with sister centers. The relationships and understandings 
developed through these agreements, together wíth mutual respect, 
wíU form an essential foundation for the success of CIAT activities in 
the years ahead. 

3.2.4 Infrastructu re Development 

3.2.4.1 Headquarters faciltties. CIAT's headquarters and its main re­
search farm a":;;; located on a 522 hectare parcel of land owned by the 
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Instituto Colombiano Agropecuario and provided without cost to CIAT. This 
was ini tial1y leased for a period of ten years from -July 1970 to July 1980 • 
In May, 1980, ICA and CIAT management signed a new agreement extending 
the use of the facilities to the year 2000. CIAT began its activities on 
this station using the original dairy farm building as temporary facilities. 
On October 12, 1973 the new physical plant was dedicated. Thls consisted 
of the Administration building; Library/Documentation/lnformation butlding; 
Training and Conferences complex (consistlng of conference, classroom 
and seminar rooms, amphltheater, conference and reception area, offlces, 
conference houslng, trainee houslng, kitchen/cafeteria, and dining room 
facilities); two research laboratory wings; field lab; motor pool; Genetlc 
Resources Unit building; and experiment station facil itíes (Including fe.,::ing, 
drainage and irrigation ditches). It was recognized that these facilities 
were inadequate for the program levels projected even at that time. Since 
then, additional facilities originally omitted due to budgetary constralnts, 
as well as additional facilities required by program expansion have been 
added. These are: additional rield lab; additional office buildings (2); 
warehouse and purchasing officesj four additional greenhouses and associated 
headhouse facilities; farm equipment storage and maintenance facilities; 
seed processing and teaching facil itíes; and a communications building. 

3.2.4.2 Substations. From the outset it was recognized that CIAT-Pal­
mira was an excellent site for Center headquarters and some limited 
field research actívities but that the solls, altitude and climate did not 
make the locatlon highly representative of most of the tropical agricul­
tural are a of Latín America. Initíally, it was anticipated that the ICA 
station of Turipaná in Montería would serve as a major ancillary site 
for work in other more tropical conditlons. However, subsequent 
experiences and program changes have made it necessary to instead 
develop modest sub-station facilities in two specific ecosystems and per­
form a major portion of the research activities on a number of ICA 
stations representing various ecosystems. Two sub-stations have been 
developed to meet various specific needs. These are: 

CIAT Quilichao. A 189 hectare farm ¡ocated 40 kilometers south of Cal!, 
with highly tnfertile, acíd soils where much of the prelíminary screening 
of germplasm 'or acid, infertíle soU conditions and vartous nutritional 
studies, whích c8.nnot be performed under on the more fertile land at CIAT 
headquarters, can be accomplished • 

.<;IA T Popayán. A htgher altitude station (1700 meters) with high rainfalt. 
This provides the excellent conditions to screen beans, and to a lesser 
extent cassava, for diseases which cannot be adequately tested at the 
lower altitude of CIAT headquarters locatíon. 

These two substations are fully operated by CIAT and are on land which 
had been specifically purchased for this purpose and leased to CIAT at 
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nominal rates by the Fundací6n para la Educaci6n Superior (FES). 

3.2.5 Cooperative Activlties on [CA Stations 

C lA T 1s fortunate for i ts Colombian headquarters location in that Colombia 
has a broad range of altitude and raínfall conditlons which make it possible 
to do work under many ecological conditions representative of Latin 
America without crossing national boundaries. It 1s also fortunate that 
the Instituto Colombiano Agropecuario, ICA, is strong and cooperative. 
It has experiment stations in varíous locations representative of these 
are as . Through two speclfic cooperative agreements C IAT currentty 
conducts a large amount of its work on various ICA stations, particularly 
the following: 

a) Caribia, North Coast of Colombia -cassava. 

b) La Selva, at 2200 meters near Medellín -climbing beans. 

c) Obonuco, 2710 meters -research for high altítude conditions. 

d) La Libertad, Colombian Llanos -rice blast research. 

e) CNIA, Carimagua, a 20,000 hectare station in Colombian Llanos. 
Thís station is of vital importance to CIAT's Tropical Pastures 
Program and is also of great importance to CIAT's Cassava Pro­
gram, since both place strong emphasis on the development of 
technology for the frontier, híghlyactd, ínfertile savanna reg10ns 
which, of course, cannot be done in the area where CIAT's head­
quarters statíon is located. In Carimagua, a unique arrangement 
between ICA and CIAT has been arrived at under which most exper­
iments are considered to be collaboratlve experiments between the 
two institutions. The station is adminístered jointly by ICA and 
CIAT; the station director is an ICA appointee, and the station super­
intendent a CIAT employee. The administrative polictes for the 
statíon are made by a spectal joínt committee consisting of three 
members of each institution. 

3.2.6 Cooperative Research Activities in Brazil 

The Tropical Pastures Program's mandate for the acid, infertile frontier 
regions includes as its largest component the ecosystem represented by 
the Campo Cerrado of BrazH. Through a cooperative arrangement wíth 
the Cerrado agricultural research center, CPAC/EMBRAPA, CIAT has 
stationed three of its core senior staff of the Tropical Pastures Program 
at CPAC in Brasilia. Al! the work of these scíentists 15 considered an 
integral part of the EMBRAPA research program but also has application 
beyond Brazil' s borders. 
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3.3 Technical Achievements 

It la neither posaible nor appropriate in a long-range planning document 
to detaH the many technical achievementa accomplished in the Center 
since its inception. Nevertheless, it is considered deairable to give a 
general overview as to where the various CIAT programs have progrea­
sed on the technology generatlon/transfer continuum in order to set the 
stage for a better understanding of what these programs are expected to 
be doing in the years ahead, and make an estlmate as to where they will 
have arrived on this contlnuum by the end of the decade. 

The process for agricultural production technology generation and trar."fer 
can be symbolized by a pipeline in which the results of basic research are 
fed lnto one end of the condult, and increased agrlcultural production even:­
tually emerges from the other. While technology other than new varieties 
atso forms an important component of the output of the international agri­
cultural research centers, the development of new crop varieties is the 
best understood, and forms a good illustration of the sequence of activities 
related to generabon and delivery of various types of technology. In this 
sequen ce the gathering together of germplasm accessions is the first 
phase in which the internatlonal center is involved. Selections from the 
germplasm collection, many of which are the results from national crop 
improvement programs, are often distributed through the international 
testing network while the time-consuming process of hybridization ls 
going on. Thus the initlal lmpact of the centers' crop improvement 
programs may well be through distribution of materials others have develop­
ed 01" selected. However, with time, the impact of the centers' breeding 
program should beco me evident, since the intensity of the selection and 
testing activlties engaged in by the internattonal centers for any particular 
specles lS usually greater than has ever been applied to that species. Thus 
ít ls only to be expected that eventually the best varíetíes appearing in 
lnternatlonal testing should come from the centers' breeding program. 
However, as national programs develop their own capacity and as strong 
cooperative efforts wlth the international centers becorne established, na­
tional programs are in an increasingly better position to develop varieties 
which will be superior in their own location situations and which compete 
strongly on a global basis in international testing networks. Thus, the 
interface between tile center and national crop lmprovement programs ls 
the lnternatlonal testíng network, whlch utilizes materíaIs coming from 
other sources as well as those from the centerts breedlng programs. 

The entlre process from gerrnplasm collectlon to releasing flnished 
varleties by national programs ls a long one, requiring at least slx years 
in beans, and nine years in cassava and pastures. In this context it ls 
important to place in perspective the age of CIAT's various programs. The 
Rice and Tropical Pastures (previously referred to as Beef) Programs 
began when CIAT was founded with one and seven senior scientists. res-
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peetively. The Cassava Program began in 1972 with one senior scientist, 
and the Bean Program in 1973 wi th three senior scientists. It is, there­
fore, somewhat early to expect that the results will have already progres­
sed suffieiently far in the pipeline to affect national production statistics. 
The latter has been dramatically achieved in the case of rice, where CIAT 
was able to build on the earlier program of IRRI and the rice researeh of 
the Colombian national institution, ICA. While the other eommodities 
have not yet signifieantly increased national production levels there have 
nevertheless been substantial developments in problem assessment, germ­
plasm aeeumutation, parental seleetion, progeny testing and methodology 
development. These developments are deseribed in greater datail for the 
specific programs in Chapter 5. In this Chapter we will attempt 
to summarize what has been aeeomplished in the germplasm aecumulation 
and technology transfer/adoption components in order to illustrate at what 
stage each program has arrived in the pipeline to give perspective to the 
p1ans and expeetations whieh follow. 

3.3.1 Germplasm Colleetion and Preservation 

The assembly of the large germplasm base is not only an essential first 
stage in any plant improvement program but also an important responsibility 
as it relates to preservation of valuable genette resourees. Within the 
CGIAR system CIAT has been given global responsibilities for the collec­
hon, evaluation, preservation and distribution of germplasm in cassava, 
beans and tropical forages. At the time of this writing the number of 
accessions of these eommodities in CIAT's genetic resources unit are 
as follows. Cassava: 2,600; Beans: 30,000; Tropical Forages: 7,250. 

3.3.2 Tecl,nology Transfer and Adoption 

3.3.2.1 Rice. 

- Average yields in 20 Latín American countries have inereased from 
2.0 tons per hectare in 1967 to 3.2 tons per heetare in 1978 due 
ehiefly to newvarieties developed at CIAT and IRRI, in collaboration 
with nationa\ programs. 

- In Colombia the natlonal average yield or irrigated rice has risen 
from 3.0 tjha in 1968 to 5.2 t/ha in 1980. 

- Eight countries have named 29 new varleties using eight different 
finished Unes received from CIAT and six countries have named 
12 varieties from selections derived from advanced CIA T breeding 
lines. 
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3.3.2.2 Cassava 

- A set of improved agronomic practices developed at CIAT has been 
shown to double yields in farmers' fields in more than 50 regional 
trials conducted over a space of six years in Colombia. These 
practices have now been adopted on state farms and farmer associa­
tions throughout Cuba, resulting in such a dramatic increase in produc­
tion that cassava has been removed from the 1 ist of rationed food 
items in that country. 

- Twelve countries are using CIAT materiaIs in their own breeding 
programs. 

- Eleven countries are increasing planting m"terials of varieties 
received from CIAT for distribution to farmers. 

- Ten countries are using the rapid propagation techniques developed 
atCIAT. 

- Seven countries have established facilities to receive CIAT's hybrids 
as meristem tissue culture to minimize hazards of internationaI 
movement of vegetative material. 

3.3.2.3 Beans 

- Since the international testing program began in 1976, some 30 
countries have received a total of 150 individual bean nurseries for 
testing. These nurseries initíally consisted entirely of varieties 
developed by others and selected for the CIAT germplasm coHection. 
Now, over 90 pereent of the materíals in nurseries are CIAT-bred 
tines ( the materials to be ineluded in the nurseries are selected on 
the basis of their being superior to all other materíals ín extensive 
series of tests prior to entry into the international testing nurseries). 

- Seven countries have named a total of 11 varieties based on finíshed 
varieties, or selections from advanced breeding Unes receíved from 
CIA T. Síx of these varíeties are already being grown by farmers in 
four countries. 

3.3.2.4 Tropical Pastures 

- Andropogon gayanus, a grass of Afrtcan origin, highly tolerant to acid 
soils, low soil fe rti lit y, drought, insects and diseases, and selected 
tor use in Latin Ameriea by CIAT, has now been named as a new cul­
tivar in Colombia and E'razil. CIAT has made available 8 tons of 
baste seed for multiplication in those countries, and has also supplied 
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Venezuela and Panama with seed where the grasa ia under advanced 
testing. 

- Several forage legume acceaaions collected and aelected by CIAT 
have reached advanced stages of testing in Colombia and Brazil. 
Becauae of the growth habit of A. gayanus and the nitrogen fixation 
ability and higher protein content of the legumea, a much better 
impact ia expected to be achieved when A. gayanus is used together 
with legumea. Several yeara of grazing trials have demonstrated 
a 10 to 15-fold increase in 1 ive-weight animal gaina per hectare, and 
a 2 to 3-fold increase in per animal productivity, of selected grass/ 
legume associations over the best-managed native aavanna. 



Chápter 4: CIAT: OBJECTIVES AND STRATEGIES IN THE EIGHTIES 

4.1 Statement of Objectives 

To generate and deliver, in collaboration with 
national and regional institutions, improved 
technology which will contribute to increased 
production, productivity and quality of specific 
baste food commodities in the troptes--princi­
pally countries of Latín America and the Carib­
bean--thereby enabling producers and consumers, 
especially those with limited resources, to in­
crease their purchasing power and improve their 
nutrition. 

The components of this objecttve statement are amplified as follows: 

4.1.1 Technology Development Orientation 

Among the various components of economte and agricultural development, 
and among the various activities important for the improvement of human 
welfare, CIAT will continue to concentrate on the generabon and transfer 
of technology. This does not negate the importance of institutional, social 
and polítical changes, but it does imply a confidence that application of 
modern science and technology to the problems of foed production can 
make a significant contribution. 

4.1.2 Collaborative Nature of CIAT's Activities 

The objectives statement emphasizes that CIAT works in collaboration 
with national and regional institutions. This underlines the Center's 
strong conviction that successful accomplishment of the desired results 
involves the cooperation of various national, regional and international 
agencies, of whteh an international agricultural research center is but 
one. The place of CIAT on the technology development and transfer 
eontinuum, and its involvement in various states on this continuum, is 
schematically illustrated in Fig.4.1. Given CIAT's unique place beOOeen 
a range of more basie research institutions and collaborating national 
programs, the Center m'..Ist artteulate its activities in 000 directions. 
First, it must relate its technology generation efforts to developments 
in researeh institutions working at the more basic end of the research 
spectrum. Second, it must assure that all of its interlocking activities, 
whether in research or in international cooperation, are designed to be 
supporting of, and supplementary to, eollaborattng regional and national 
researchjdevelopment institutions. 
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4.1.3 Geographical Orientation 

The Center was founded to serve the tropics of the Americas and, during 
its first ten years, has oriented its programs towards that region. Each 
of the four CIAT commodities is firmly established as a basic staple food 
of the regíon. The Tropical Pastures Program has a strong ecological 
focus on the under-utilized, acíd, ínfertile soils of the Americas, while 
the Rice Program, in close collaboration wíth IRRI, is exclusively 
directed towards Latin American and the Caribbean. 

Wíth respect to cassava and beans, CIAT has been given world responsi­
bility for these crops within the CGIAR system (with the exception of 
cassava in Africa, where lITA has a continental responsibility). It is 
recognized that with respect to both of these latter commodities CIAT 
technology with appropriate modífication can have considerable impact 
outside of the Western Hemisphere. In the case of cassava an active 
technology transfer effort towards Asía has already begun and has 
demonstrated that, in this contínent where cassava is of considerable 
importance and is largely unresearched, CIAT technology can playa very 
important role in increasing the crop' s productivity. CIAT intends to 
further develop rnechanisms for the development and díssemínation of 
cassava technology in Asía. With respect to Afríca, both lITA and CIAT 
consíder it important to liaíse their respective cassava programs. A 
mechanism for such a liaison is out! ined in this plan. 

In the case of beans, the most important production region outsíde of 
the Americas is in Eastern Africa. In many countries of the latter 
region beans are the second most important human food after maize. 
The need for new technology in the region ís very pressing, and it has 
already been demonstrated that CIAT technology could have a very 
important impacto 

CIAT acknowledges its global responsibility for beans and cassava. 
While not shirkíng this responsibility the Center also recognizes the 
problems of the íncreasing cost of international travel, the dilutíon 
effect of spreading scarce manpower resources too thín, and the 
instltutional relationship advantages of working chiefly in the Western 
Hemisphere. Thus, the centralized germplasm, breeding and docu­
mentation activities for these crops will be so designed as to respond 
to the global mandate. However, decentralized actívities in evaluation 
and transfer of technology generated at CIAT will be developed in a 
manner to maximíze the impact of these efforts outside this region 
while minimizing diversion of resources from the major effort in the . 
American tropícs. To do this, imaginative, new ways of cooperating 
wíth other ínternational or regional organizations will be sought. 
For example, at the time of this writing negotiations are underway for 
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collaborative projects with FAO for beans in Eastern Afríca and with 
SEARCA for cassava in South East Asia. Further details regarding 
regional activítles outside of the Western Hemisphere are describe<:! 
in Section 6.6.2.2. 

4.1 .4. Orientation to the Poor 

CIAT identifíed limited resource producers and consumers, i.e., the 
rural and urban poor, as the principal beneficiaríes of CIAT work, thus 
clearly incorporating human welfare objectives withín the production 
goals. As will be described below thís translates lnto technology desigro 
considerations. 

The objectives statement, while recognizing the importance of making 
a contribution towards overall production and productivity, also empha­
sizes CIAT's commitment to the lower income strata of both the producer 
and consumer communities. In the developing countries of the Western 
Hemisphere these two communities overlap to a much lesser degree than 
in developing countríes in Africa and Asia. Approximately 60% of the 
population in Latín America is urban and the trend towards an ever 
íncreasing percentage of urban dwellers is expected to continue through 
the eighties. Consequently total production, regardless of the resource 
base of the producer, cannot be ignored since this will affect the price of 
food for urban consumers . 

Some countries, particularly those with large cooperatives and state 
farms, require technology for large scale, mechanized production. 
Nevertheless, CIAT concentrates its aUention on production technology 
that is speclfically adapted to the needs of small holders, both because 
a large proportion of two of the foad crops dealt with by ClAT (beans and 
cassava) are produced by smatl holders, and also because the develop­
ment of such technology requires a sustained and concerted effort 
which can best be made by a public funded, international instituti.on. 

4.2 General Strategy 

In carrying out lts particular role in the research and development con­
tínuum, the Center pursues the following baste strategies. 

4.2.1 The Establishment of Research Networks for the Interinstitutional 
Transfer of Teehnology 

The linking of individual researehers as well as research groups through 
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the establishment of research networks !s considered él prime mechanism 
for creating and maintaining a research and development momentum in 
benefit of any given commodity. Research networks not only facHitate 
the exchange of information and materials between the national and 
international level, but also serve the horizontal transfer of technology 
between nahonal programs. CIAT is, and will continue to be, active in 
maintaining and fortifying commodity-based research networks through 
information and documentation services, germplasm exchange actlvities, 
seminars and workshops, and consultatíve visits. 

4.2.2 The Development of Germplasm Based Technology 

An analysis of production constraints of the commodíties in CIAT's man­
date has indícated that increased avaílabiltty of improved germplasm 
adapted to the environmental conditions and prevailing productíon systems, 
will have the largest impact on production among the various possible 
alternative strategies for research. CIAT has be en and will continue 
to be involved in technology generation whích has as its central theme 
the collection, productíon and supply of new germplasm. In addition, 
agronomic components of technology of a non-site specific nature have 
been and will be developed parallel to and coordinated with the germplasm 
development activities. 

4.2.3 The Selective Stregthening of National Programs through Training 

Since the inceptlon of CIAT, the strengthening of commodity research 
groups wíthin naHona! agricultural research institutions has been a 
central strategy of the Center. As mentioned above, the Center is well 
aware of the preeminent importance of strong national programs working 
in fu!! partnership with CIAT. Through the provision of training oppor­
tunities the Center is in a position to make an important contribution to 
the strengthening of national counterpart institutions at the same time 
that training provides the principal conduit for the transfer of improved 
research and production technologies. 

4.3 Operational PrincipIes 

Certain basic principIes of operaUon have evolved at CIAT. These will 
guide the Center in the '80s in implementing the strategy described above. 
These include: 

4.3.1 Relevance 

CIAT's research is mission oriented directed towards the solution of the 
most important production prcblems in the Center's area of responsibility. 
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This inc\udes sophisticated research whose relative magnitude will pro­
gressively increase over the eighties as national programs are able to 
assume a greater share of the adaptive research responsibilities. The 
success of the Center's research wiU always be measured by its contri bu­
tion te íncreased food production and productivíty, rather than an íncrease 
in the knowledge base 01" in academic pubhcations. 

4.3.2 Complementarity 

The basic premise of CIAT's strategy is that it represents only one small 
segment of the entire agricultural research and development matrix. AH 
its activities are, therefore, viewed as complementery to those of other 
organizations. Linkage to other, closely related activities are essential. 
Most importent in the CIAT strategy are the following: 

4.3.2.1 Natíonal Research and Extension Programs. The key role of 
national ínstítutions has already been stressed (e. g., see section 2.1). 
The division of labor between CIAT and such institutions depends on the 
stete of development and resources of the individual natíonal programs 
(see Table 6.1). In general, however, CIAT concentrates on those 
actívities in which there is a clear economy of scale (e.g., the assembly 
of large germplasm banks¡ large scale screening; crossing and selection¡ 
methodology development¡ documentation servíces) and the results of 
which have international transferability. More locatíon specific actívities 
(e.g .• agronomic research. breeding and/or selectíon forspecific localized 
constraints and extension) are obviously better done by national and regional 
programa. 

Strong national programs wil1 also be in a position to complement CIAT's 
activities by conducting collaborative research of great value te other 
countries with similar ecological conditions and/or consumer preferences. 
CIAT will seek meanS of stimulating such horizontal technology transfer. 

4.3.2.2 Advanced Scientific Institutions. In terms of more baslc re-
search institutions, both in developed as wel1 as in developing countries, 
there is much useful work that can be carríed out which complementsand 
supports the more problem-solving research approach of CIAT. The Center 
has encouraged, and will continue to encourage other research institutions 
to engage in well-deftned, basic research endeavours which haya a hígh 
potential for pay-off in terms of CIAT's own work but which requires 
specialized facilities and skílls not available at CIAT. Such work can 
either be accomplished wholly at the respective research institution, 
or in direct collaboration whereby a portion of the resaarch project is 
carried out at the Center. Considering the fact that the Center lS itself a 
recipient of funds designed to finance operatíons per se, and also considering 
that research collaboration from other research organizations iB Btríctiy 
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additional to the Center' s core operations, CIAT does not in principie 
finance such research out of core resources. Whenever possible, CIAT 
collaborates with interested scientists in OOlping to secure appropriate 
special project funds to make the collaborative research possible. 

4.3.2.3 Related International Activities. An ímportant part of CIAT's 
strategy is to host activitíes of sister centers within the CGIAR system 
and related institutions, when such activities clearly complement the 
Center' s work and fal! within its overall objectives. By making available 
its lnfrastructure and good relations CIAT can enhance too broader purpose 
of increased food production without diverting financial resources from its 
programs. While institutions working at CIAT in this way are expected 
to pay the ful! direct and indirect costs of their operations, there is 
always some cost involved in hosting such actívities. Consequantly, 
such collaboration ls developed only when ít clearly complements CIAT's 
programa. Examples of useful implementation of this strategy to date 
are the hosting of the CIMMYT team for maize work in the Andean regíon, 
the IRRI Liaison scientist responsible for the lnternational Rice Testíng 
Program (IRTP) in Latín America and an IFDC team developing technology 
for the efficient utilization of rock phosphates in Latín America. Possible 
future assodations of this type may include the hosting of ICRISAT and 
INTSORMIL scientists to develop sorghum germplasm for acid infertile 
soU considitions, INTSOY scientists to develop soybean technology for 
Latín American conditions,(with special emphasis on the acid infertile 
soits), and an IlTA cowpea scíentist responsible for regional activities 
in Latín America. 

4.3.3 PrincipIes of Technology Design 

The role of CIAT, especially as related to its orientation towards the low 
resource farmers, greatly influences the nature of technology generated 
by the Center. Sorne basic principies of technology design emanatíng 
from these considerations include: 

4.3.3.1 • Mini mal input orientation. Access to the benefits of new tech­
nology by the resource poor farmer is often limited if its successful 
utilization requires high levels of expensive inputs. In order that improved 
technology can meet the needs of small holders who produce the majority 
of CIAT's crop commodities, CIAT strives to design technology components 
which wiH minimize dependence on purchased inputs, and irrigation. At 
the same time there is a need to ensure that the teChnology maintains 
high production levels at hígher levels of input use. The latter is a 
recognition of the need to increase overan food production to service 
the increasingly urbanized nature of society in developing countries, 
particularly in the Americas • 
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CIAT's eoneern for minimal input technology is elosely anied to a strong 
eoneern for energy eOllservation. As ever rising oH and gas prices have 
driven up the cost of irrigation, farm meehanizatiOll, fertilizers, and 
chemieal protective agents, it becomes imperative that new technology 
minimize dependence 011 high energy inputs. CIA T attacks the problem 
by developing (a) germplasm rasistantto such constraints as inseets, 
diseases, adverse soU conditíons, and drought; (b) germplasm that has 
greater íntrinsie effieieney in the uptake and/or utilization of soil nutrients 
and greater efficieney in the use of applied fertilizers; and (e) in the case 
of beans and pastura legumes, germplasm with improved eapabilities in 
nitrogen fixation. 

4.8.8.2 Technology componeClt orientatíon. As an ínternatiOllal research 
organizatíon working through national agencies, CIAT does not alm to 
produce finished technology that fits specific ecological niches and meets 
the specific soeio-economic conditions and quality preferences within a 
given secting. Rather, CIAT emphasizas the development of basic tech­
nology components such as an improved germplasm base, research. meth­
odologies for the indentification of optimal management praetices; meth­
ologies for the development of single and multiple crop systems where 
the commodities are important components in the system. Thase com­
ponents serve national prógrams as building blocks for ralevant produc­
tíon systems for single eommoditíes as well as for multí-commodity 
systems that are viable and socially aeceptable for given local conditions. 
To this end program scientists become as familiar as possible with the 
whole-farm systems into whieh such technology components are expeeted 
to contribute. 

Due to environmental and socio-economie constraints the eharacteristics 
of the productlon systems in each of CJAT's commodities vary through-
out the regíons of interest. Whenever possible, CIAT attempts to develop 
teehnology components that have applieability across the various agro­
climatic and socio-economíc conditions. When this is not possible, 
teehnology components are developed that are specific to a given ecosystem 
and/or a given set of broadly defined socio-economíc conditions. Wnereas 
research for unique but broadly defined conditions withín CIAT's zone of 
interest forms an integral part of the Center's technology development 
efforts, research on productíon factors which are of a more site specific 
nature is not consídered a legitimate concern of CIAT when seen against 
the responsibilities and capabilities of national programs. Thus, such 
research as that pertsining to soil fertility and associated fertilizer reeom­
mendation are not of principal eoncern except in the development of re­
search methodologies where these are lacking. 

4.3.8.8 Evaluation and feedback mechanisms. Technology designed and 
. tested only en experí ment statiOllS is not finished technology. There ís 
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no assurance that any given technology package ls useful until tt has been 
valicJated under the conditions and constraints at the farm level. Thus, 
on-farm testing is an integral component of the technology generatian 
process. The results of such work are usually very locatian specific and 
CIAT does not have the resources northe mandate to work in the wide 
range of ecological, socio-economic and agronomic conditions in the cot­
laboratíng countries. Thus, the Center depends on and encourages national 
counterpart agencies to evaluate new varietíes and practices on a regional 
basis, to modify these where necessary to meet local requírements, and 
to test the resulting technology systems under the real farming conditions 
representing the largest number of producer.s and condítions possíble. 
However, CIAT considers it of utmost importance to actively collabor",te 
with selected national and/or local agencies in the regional testing and on­
farm validation of improved technology packages that lnclude CIAT com­
moditíes. In these collaborative projects CIAT's role normaHy is 
restrlcted to providing materíals, lnformation, and assistance in the 
design and evaluation of the farm level research resuIts. Such regional 
testíng and on-farm validation serve as vital sources of feedback into 
the Center's commodity programs to influence technology designo 

4.3.4 PrincipIes of International Cooperation 

As is graphically illustrated in Figure 4.1, the work of an internatíonal 
agricultural research center is but one part in the complexity of activíties 
which range from basic research to the eventual application of ímproved 
productíon technology by the farmer. The successful accompllshment 
of the desired end result--improved productivity and weIfare--involves 
the cooperation of a multitude of local, national, regional, and inter­
national agencies. AA international center can only make a contribution 
to the overall goal to the extent that it cooperates as a partner wlth these 
various institutlons and pIays a role that is complementary to the activ­
itíes of other institutions. 

From the unique vantage point of víew of ClAT as an international research 
institution, íts most ímportant collaborators are the national institutions 
involved in agricultural research and development. It is only through 
strong natlonal programs that new technology componeni:s can be assimilated 
into lmproved farm lng systems practices. 

4.3.4.1 National instltutions as full partners in the technology development 
process. The relationship between the natíonal research institutions and 
CIAT clearly is one of mutual rellance and respecto On the one hand, na­
tional lnstitutions look to CIAT for basic materials, informatíon and back 
up research on selected commodities and for coordínatíon 01' research and 
development activitíes in the respective commoditíes on a supranatíonal 

. leve!. On the other hand, CIAT's work is meaníngful only to the extent 
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that it is complemented on the national level and is integrated in national 
research and development efforts. In the effort of agricultural research 
and development, professionals on the national and international level 
work as fuUy equal partners. lt is in this spirit of fuU equal ity of national 
and internattonal efforts that CIAT continues to expect to find the basis for 
effective collaboration and mutual complementarity. 

4.3.4.2 Working with national institutions in relation to expressed needs 
In the decade of the '80s, CIAT will continue to assist national programs 
in developing their national research capacities as they relate to the 
commodities in C IAT' s mandate. CIA T real izes that with respect to 
anyone of these commodities, each collaborating country faces its own 
uniCjue circumstances out of which grow equally unique country program 
needs. C lA T shall continue to address these unique country needs and 
to serve the respective country programs in relation to their expressed 
needs. 

As many collaborating countries will increasingly be able to assume com­
modity research responsibilities that hitherto had to be assumed by CIAT, 
it is envisaged that, with respect to many countries, part of the present 
work by CIAT will progressively shift towards the national programs, 
thereby enabling CIAT to increasingly engage in back-up research and 
related activities that are most effectively carried out en the international 
level. 

4.3.4.3 Mutual consultation. Given the necessity for an effective inter­
facing between collaborating national institutions and C lA T, frequent and 
meaningful mutual consultation becom('ls the basis for true complementarity, 
In the decade ahead, CIAT shall continue to put heavy emphasis on al! 
activities that further the purpose of mutual consultation. The means 
by which this consultation is brought about are discussed in Chapter 3. 

4.3.4 Ltmits to CIAT lnvolvement 

The technology development process of which C lA T forms a part involves 
a multitude of particípants, viz., the national research, ·extension and 
development programs, credit instltutions, training organizatíons, public 
supplyand marketing institutions, private enterprise, and--last but not 
least, the farm producer and his cooperatives. Given the fact that CIAT 
neither has the comparative advantage to evaluate and adapt new produc­
tion technology in varíed local socio-economic and agro-ecologlcal con­
ditions, nor the resources to effectívely move beyond the national level, 
C1AT will continue to regard the research programs in each country as 
its prime counterparts, thereby limiting its direct interinstitutional 
technology transfer to these latter institutions. This implies that CIAT 
has no intentlon to become directly involved in technology transfer 
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activities to the farm producer at farm level. 

CIAT is most cognizant of the fact that improved agricultural productivíty 
is both a function of the availabil ity of viable production technology as well 
as the availability of inputs and conducive marketing conditions. 80th 
of these preconditions impinge in no small measure en national policy 
making. In consideration of the fact that both national agricultural re­
search policy as well as national policíes regarding incentives for tech­
nology development and adoption are strictly within the decísion-making 
domain of the respective countries involved, CIAT will continue to limit 
its role in these areas to the provision of appropriate forums which allow 
national pol lcy makers to fully explore the consequences of alternativE' 
policies. However, aside from advocating the need for strong natíonal 
research organizations, CIAT will continue to abstain from advocating 
any natlonal pollcy options. 





Chapter 5: PROGRAM STRATEGIES AND PROJECTIONS 

In Chapter 1 too varíous commodities in the CIAT' s mandate have been 
discussed in the light of the socio-economíc conditions in the developing 
countries of the Western Hemísphere. It ls c1ear from that analysis that 
rice, beans, cassava and pasturas are important in the regían for CIAT 
involvement. Their selection on too basís of this importance has been 
confirmed. 

A bastc feature of this plan ls the concept of increasíng productlvity of 
the commod itíes through research in thelr traditional areas of produc­
tion while also contributing to the development of stabte and productive 
systems for the agricultural frantier. In this context cassava and up­
land rice research at CIAT is directed towards the dual objectíve of 
improving productivity in traditional areas as well as at the frontier. 
lrrigated rice and bean research at ClAT is more directed at traditianal 
areas and their margins, although limited irrigated production areas for 
rice are being developed in some countries in frontler situatlons. The 
development of improved pastures with associated lívestock management 
components for acid infertile soil conditions in the tropics is directed 
towards the agricultural frantier. 

5.1 Cassava Program 

Cassava is the fourth most important global food energy crop in tropical 
developing countries providing a significant source of caloríes in the 
daily diets of over 500 million people in 26 tropical countries. In many 
countries dried cassava is by far the cheapest source of calories (see 
section 1 .2) and for this reason ls aspecially important for the poor. The 
per capita consumption of fresh and dríed cassava products tends to be high 
among the poor, climbing as incomes rise amang the poorer strata and 
then declíning in the highest income groups. Since the crucial nutrítlonal 
deficiency in most low income countries is calorie deficiency, cassava 
is partícularly important because lower cassava prices would principal-
ly benefit the lower income strata by helping to improve their nutrition. 

Although cassava ls relatively low in protein, ít ean also contribute to 
augment proteln availability wOOn it ls used as animal feed. Recent 
development of intensive livestock production systems in developing countries 
dependent on feed concentrates has led to increased consumption of poultry 
products. In some developing countries too real pricas of poultry have 
actually falten in recent years. The resultant strong demand for feed gralns 
has, in sorne cases, led to competition between the concentrate índustry and 
the human food sector for calorie and protein sources. Productlon of 
sorghum has increased at very high rates (12.5% per annum in Latin Ame­
rica) on prime land which could otherwise have been used for food crops. 
Thus, the inerease in demand for meat may have tended to bid away re­
sourees that mlght have gane to the productlon of other basie food staples. 
Use of cassava as an animal feed ce uld vastly reduce this competition be-
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cause of the avaílabílity of unused margínal land, which can not support 
many other crops but could produce cassava. 

Despite the rapíd growth in sorghum production, domestíc production of 
feed grains often has been unable to meet demand, leading both to in­
creasing ímports of feed graíns by many =untries that can iU afford it, 
and also to upward pressure on the príce of animal feeds. The result­
ing increase in the cost of meat tendS to put it out of reach of the very 
pOOl". Production of cassava with underutilized domestic resources 
could promote employment, alleviate the burden of costIy imports, 
and contribute to maintaining a supply of cheap animal protein. 
The strategy to develop alternate uses, especial1y for animal feed, of 
cassava ís an essential component in achieving the maín objective of the 
Cassava Program in Latin America: i.e., making available. more cassav ... 
at lower cost for human consumptíon. The ratíonale for such involvement 
is to stabílíze the market factors for this crop by creatíng a floor price, 
through alternative uses, for cassava so as to encourage growers to adopt 
new productíon technology. Such strategy is less important in Africa and 
Asia, where this crop is of greater importance as a human food. CIAT's 
regional activities in Asia and íts cooperation wíth liTA in Africa will 
also ensure that the main thrust of this program is related to cassava as 
a staple food. 

5.1.1 Production and Demand Situatíon in Latín America 

Cassava has always been a traditíonal calorie source in tropical Latin 
America. As a root crop cassava has several key characteristics that 
make tt weU suited for traditional agricultural systems: ca) high efficien­
cy in the production of carbohydrates; (b) adaptation to soU and water 
stress; Cc) an indeterminate harvest perlod; (d) high yíelds per unít of 
land and labor; and (e) compatibility with a varíety of crops in associatíon. 
Cassava fíts welt into sman farm systems and as such, has been a major 
staple in rural areas ín the lowland tropics of Latín American and in some 
countries in the Caribbean. 

As Latin America urbanizes, the importance of cassava for direct human 
consumption win depend en its marketabílity and competitíveness with 
other caloríe staples in urban markets. High períshabil ity after harvest, 
bulkiness, and low commercial value by weíght result in high marketing 
margins. This is compounded by high post-harvest losses. Whether low 
productíon costs are cenverted into competitive urban prlces depends on 
the effíciency of the marketing process. In most cases in urban Latin 
America fresh cassava is more expensive than the principal grain staples, 
primarily because marketing margins are as much as 300% of farm-Ievel 
prices. Where cassava goes through a processing stage before marketing, 
as in Brazll, the dried product is, in general, the cheapest urban caloríe 
source avaílable. Thus, only in Brazil, where most of the cassava is 
eaten in processed form, and Paraguay, where most of the population is 
still rural, is cassava a major calo ríe source in the natíonal diet as a 
whole. Nevertheless, cassava wlll continue to remain a staple ín rural 
areas in the lowland tropics. 
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A strategy to increase the tncomes of the smatl-scale farmer through the 
development of new cassava technology is, outside of Brazil, constraíned 
by demand for cassava as an urban foed. As a carbohydrate source with 
a low unit production cost, cassava has potential te enter alternative 
markets, namely: as a wheat flour substitute (suítably enriched); as the 
carbohydrate source in feed concentrates; as feedstock in ethanol produc­
tion; and as an industrial starch. Major expans ion in demand in either 
the fresh urban market or the industrial markets depends on the relative 
price of cassava with other alternatives. In the industrial markets the 
price of cassava in almost aH Latin American countries needs to be 
reduced in order for cassava to be competí Uve. Lower unit production 
costs, and thus cheaper prices for cassava can be best achieved by th", 
appHcation of new technology. Histor-icaHy, ther-e has been líttle r-e­
sear-ch on the cr-op and the potential to incr-ease yields from thetr present 
average yteld level of 10 t/ha ts very large. On the other hand, the 
introductíon of improved cassava production technology w\thout the com­
plementary processing technology runs the risk of satur-ating traditional 
mar-kets, resulting in a negative impact on farmer incomes. Thus, re­
search on production technology in cassava cannot be independent of 
research on pr-ocessing technology. 

5.1.2 Production Systems and Constr-aints 

Because of the many mechanisms for stress tolerance in the plant, cas­
sava can be grown under a wide range of edaphic and climatlc conditíons. 
This very broad ecological r-ange, however, severely complicates germ­
plasm improvement, especially since in cassava a very marked genotype 
x environment interaction exists. The ecologtcal conditions under which 
cassava ts grown can be broadly subdívided into six major ecosystems 
(Table 5.1). The lowland tropical ecosystem with a pronounced dry 
season (ecosystem 1) is the most impor-tant in terms of production with 
an estimated 50'}{ or- more of total world production. The acid soU savan­
na (ecosystem 2), and the hot humid lowland tropics (ecosystem 3) ar-e at 
present not major production areas. These ecosystems are potentíally 
ver-y important. Expansion of cassava production in these areas is al­
ready occuring in Mexico, Brazil, Ma1aysia, and Indonesia. The high­
land tropical areas (ecosystem 5), and the intermediate altitude tropical 
ar-eas (ecosystem 4) of Latin America are of least importance at presento 
In Africa, potential for expansion in these ecosystems ís great. High 
yielding clones well adapted to this ecosystem are not present1y avaílable 
in Afr-ica but exist in the Amer-icas. The subtropics (ecosystem 6) are 
important in the Amer-icas with appr-oximately 30'}{ of total pr-oduction 
being in this r-egion; on a wortd basts, from 15 to 20'}{ of total cassava 
production is produced in this ecosystem. 

While each ecosystem is defined by cHmatic and edaphic parameters, 
there is a1so a series of unique insect and disease complexes associated 
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Table5.1 Canava production ecosystems and tbei, main chal.c1l1isties. 

Ory 
[ter General description and Mea. se.,,", Anoo,¡ 

'ys!em representatlVl! areas temCieratur9 d.ratio. r.infaH 

lowland traplcs wlth long dry seascn; ,bo,.2S'C 3·4 mo 700·200 mm 
low lo rncdera!e annua! famlall; (Unimod'l 
rugn year,'í}uod temperature. dí,lribulÍOllI 

(Media luna, C2iflOta, Natalma and Tne 
Gua.ira, Colomb:a. Southem India: 
Northeastern Srazil; Northern Venezuela; 
and T •• ilandl 

2 lowland troples w ith moderate lo high abo .. 25'C 3·6 lIlO abo .. 1200 mm 
ninfa!!: savat'lna vegetalt01l Oí'! ¡Unimad.1 
inlertt!e. ¡cid satis: m ooente to long dí,tríbulionl 
dry season: lo .... re!atlve bumidlty durmg 
dry season. 

¡Uano, 01 Colomb,. ¡C,,,m.gu.): llanos 
01 Venezuela: CeHado of Brazll) 

3 lowland tfOPiCS with no pronounced abo.o 25'C .bse.t abovo 2000 mm 
dry seasons; rH~h raiofaU; constant or very 
bigh relatlve humidity, $Ilort 

(floronc", Q.,bda ,nd tetlcl •. Colombl.; 
Amazon Bas\l1S of Brazil. Ecuador and 
Peru; rainforests 01 Afeita and Asía) 

4 Medlum·altlhlde troplcs; moderate: dry 21'·24'C 4010 1000·2000 mm 
seuon and lempera1ufe. ¡Bimodal 

dísltíbutíonl 
lelAI ·Palm,,, and CIAT·QUlI.cnao. 
Colombia: CGst" RH:a' 8C!PJI,t Bríml, 
!t)e PMi;JPll'!:'S, Atnca; India; Indonesla; 
V<et Naml 

5 Cool bíghl.nd ".as; ",od.tate lo high 11'·20'C above 2000 mm 
ramfaH 

¡Popayan, ColombIa; Andean re&lon; 
EaS! Aldea) 

6 Sub·troplcal ~re:as: cool winter$; Min.O°C .bovo 1000 mm 
fluCluatlng da)'lel'igths. 

(MelItO (Cul1acaoj: Southern Brazlt; 
Cuba; Paraguay: Northetn Argentina; 
Taiwan; Southern Ctllnal 
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with each ecosystem thus reflecting an lnteractlon between cassava 
pathogens and environmental factors (Table 5.2). 

Overlaid on this ecologlcal pattern ls a market variation in production 
systems. ¡hese range from the slash-and-burn system of the Amazon 
jungle, to planting cassava as an introductory crop in pasture establish­
ment, and to the small-farm, multi-crop systems typical of most cas­
sava production. The crop ls labor intensive, requlring from 80-120 
man-days per hectare. Cassava is often grown in associatlon with a 
legume 01" maize. Frequently, lt ls also used as the last crop in a 
rotation, in which the farmer maximizes cassava's adaptatlon to ín­
fertile soU condltions. Purchased lnputs are rarely used in cassava prv­
ductlon systems, as usually ít ís not economical to control pathogens in 
such a long-season crop, and soil fertllíty ls usually managed through 
fallowlng systems. 

Evaluatlon and selection of cassava clones has been carried out for cen­
turies by farmers across a wide range of agro-cllmatic condltions. In 
general, most traditional cassava clones are relatively well adapted 
to the stress factors characterístic of the area in which they are grown. 
Nevertheless, the germplasm base in such a localized varietal develop­
ment process is limited, thereby putting a ceiling on potentíal yield. 

Systematic breeding and selection programs for cassava are rare. From 
those which are in exlstence very few improved varleties have reached 
farmers. Nevertheless, ylelds under experimental conditions of 80 tonsjha 
in comparlson with average farm yields of around 10 tons suggest tremen­
dous potential for raising farm productlvity. The principal productíon 
constraints, therefore, is felt to be the lack of higher yieldíng varieties 
that give stable yields under stress conditions. The availability of such 
varietles becomes even more necessary as cassava moves from traditional 
productlon systems to more continuous production systems. 

The application of scíentific breeding and selectlon methodologíes in cas­
sava is complicated by the variatíon that exists in production conditions, 
the stress conditions under which cassava is usual1y grown, and the 
limitations put on the use of purchased inputs due to the limited resources 
of traditional cassava farmers. Cassava's adaptation to relatively more 
marginal agricultural areas, its long crop cycle, its limited yield re­
sponse to purchased inputs in most ecosystems, and its low value all 
suggest that cassava wíll not be competitive with higher value crops on 
prime lands. The comparative advantage of cassava is, therefore, in 
areas where there are major constraints on the growth of other crops. 
Moreover, given its labor intensity, smal1 farm systems should continue 
to have the comparative advantage in production. These factors imply 
that germplasm improvement wiU have to be accomplished under stress 



Table 5.2 Produetion cons:traints in different cassava growing ec01V1tems. 

MAJOR CONSTRAINTS 

E.cosystem Rainfall Temperature Oisesses Insect& M¡~ F~rtílitY/So¡ls Others 

1. Lowland 3~5 mo. dry seeson Anthracnose M¡tes WonQnychéflusj Usuallv low soH Sandy $011$ with 
Tropics Limíted rainfaU Pam*ns of Thrip$ fertilítv limtted water retén-
(Dry Sanson) planting material Hornworm tion. 

Whiteflies Low stareh COnteot 
Co"" 

2. Lowland 3--5 mo. dry se!l$On FlucttJations cea Mites (Moflonychelfus) Acid ¡ nfertUe Drought str9ss 

Tropict R H near saturation enhanee disea$e Aothraenos& 'Tbrips $oil$ 
(Orv Season, during ralotall season severity Superelongation Lacebugs Aluminium 
and Soils) Cercospora Stemborel"$ toxicity 

Brown $PQU 
Carimagua 

3. Lowland Sol! water Cercospora Mealvbugs Acid infertile 
Tropics saturatlon brown $pots soil$ with nutritional 
IHomld) roO! rou· problems and Al 

toxlclty 
FIQrencia 

(JI 
(JI 

4. Medium 34 mo.dry Rootrots Thnp¡: I 
Artltudes .. ason Cercospara bllght Hornworm 
Troplcs brO\IVn spon 
(.I,lwde 
< 1.000 m) 

CIAT 

S. HIghland Vartabte CooI 17·20" e Phoml' leaf spats Mires 
Tropics "leer round Anthracnose (Ollgonychus) 
(altitude Cercmporn 
> 1.room) white spots 

Popayón 

6. Sob·,roplc. Variable Cold w¡nter AnthracoO$$ Hornworm L.imited harvest 
(CooI wI"to') 3 mo. IMS theo pe,lod. 

10'C Orought 
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conditions without recourse to major íncrements in purchased inputs. 

The cassava crop ís biologícally one of the most efficient sources of 
digestible carbohydrate, partlcularly when grown on marginal lands. It 
is, however, a diffícult crop to handle after harvest due to íts high 
perishabiltty. Recent estimates of post harvest losses are of the order 
of 25% 01" more. [ncreased productíon ís very frequently limited by lack 
of nearby markets 01" processing plants which can readily transform 
fresh cassava to a more stable producto Farmers are often reluctant 
to increase production as no ready outlet exists and entrepreneurs are 
not wlllíng to mount processíng plants due to uncertainty of supplies. 
When thís vícious cycle is broken production can increase markedly, as 
has recently occurred in Thailand with the establishment of a large 
number of small drying plants and an effective marketing system. 

5.1.3 Objectives o, the Cassava Program 

The goal of the Cassava Program is to satisfy a need for food and reed 
carbohydrates by convertíng cassava from a traditional rural staple to a 
major, multí-use carbohydrate source in tropical food economíes by 
exploítíng the plant's carbohydrate productíon efficiency under sub-optímal 
envlronmental conditíons. The Cassava Program thus focuses on both 
productíon and utilizatíon technologies, particularly for Latín America. 
The Program also recognizes the potential of cassava as a major foed 
and feed source in Asia and Africa and will place emphasis on adapting 
technologíes developed at CIAT to Asían conditions. 

This overall goal is te be reached through the following objectives: 

a) To develop germplasm and associated cultural practices that require 
low input levels and are responsive to ímproved management, to 
Increase cassava productíon per hectare in areas where cassava is 
presently grown. 

b) To develop germplasm and associated management practices, which, 
under medium input conditions will lead to increased cassava produc­
tion in the acíd, ínfertile, underutilized soils of the lowland tropícs. 

c) To develop systems that can be used to ímprove the ut¡!ízation of 
cassava and allow more efficíent use of cassava for either dírect 
01" índ¡rect human consumption. 

d) To strengthen national cassava research and development pl"ogl"ams 
so that they can more effectively carry out theil" role. 
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5.1.4 Research Strategy 

New production technology for cassava must exploit the crop' s comparative 
advantage under marginal conditions with low inputs. This precludes the 
use of such expensive inputs as continued chem!cal appUcations to control 
diseases and pests, irrigation to prevent drought, costly son amendments 
to lncrease pH and reduce aluminum levels in the soil, heavy use of 
expensive fertílizers, and other hlgh cost/high energy use practices. 
This leads dlrectly to the development of technology based on improved 
germplasm that per ~ overcomes many of the constraints on production. 
Not all problems can, nor should they be, resolved by improved germplasm. 
These other constraints are to be minimized by management practices that 
include agronomic practices, biological control of insect pests, phytosani­
tary control of diseases, and efficient techniques for fertilizer use where 
these are necessary. 

Major constraints on production accur due to lack of high ylelding varieties 
tolerant to drought, disease and pests. These constralnts can be partially 
overcome by the development of improved germplasm. This hes indeed 
been one of the major areas of emphasis of the Program in the past, and 
will continue to be emphaslzed in the futura. The methodology used in 
the past will be somewhat modified. The CIAT program hes worked under 
low stress (CIAT), medium stress (Caribia) and severe stress (Carlma­
gua) conditions; however, it has been difficult to obtain single varietles 
well adapted to all these conditions. It ls quite probable that the same 
will apply to other cassava ecosystems. Accordingly, the program wllt 
evaluate germplasm in each ecosystem (this has already been done in 
ecosystem 1, 2, 4 and 5) and use superior materials in crosses to produce 
clones specifícally adapted to each area, rather than to try to develop 
broadly adapted clones. The material produced wiH be evaluated in 
advanced yíeld trials for yield stability and qualíty. 

Improved germplasm ls, however, only a partíal solution. The rate of 
progress in any breeding program is roughly inversely proportional to 
the number of breeding objectives. Hence, breeding must be used only 
for solving problems of major importance. Such problems as control 
of the many minor pathogens that attack planting material cannot be 
resolved through varietal resistance, but rather through inexpensive 
chemical protectants. In addition, many problems are not even capable 
of resolution by breeding. For" example, no var"ietal resistance has been 
found to the cassava hornworm. In this latter case, biological control 
methods have been developed. In cases such as phosphorus ferttli;¡:atíon, 
the cheapest methods are searched for; such techniques as use of rack 
phosphorous and mycorrhi;¡:a are under study. lmproved management 
practices of general applicabilíty will be tested, along with the new im­
proved Unes for adaptability and stabitity ovar time within each ecosystem, 
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through a series of regional trials. From these trials technology packages 
are recommended for use in a limited number of on-farm valtdatton trials 
tn Colombia in selected ecosystems. 

Research on cassava utiltzatíon and marketing ts a necessary complement 
te the research en production technology. To ensure the benefits of the 
increased productien potential there must be some insurance that a 
sufficiently expansive market exists. CIAT will concentrate en utiliza­
tion research that will contribute te expansion in demand for fresh cassava 
products. either as a direct or indirect human foed. CIAT has nelther 
the comparative advantage. nor the mandate, for perl'orming research 
on improving processing efficiencies in the starch or ethanol markets. 
The fresh urban market witl continue to remain the preferred (hlghest 
price) market; however, quality maintenance and high marketing margins 
Hmit consumption. The pe rishabil lt y of cassava ls positively correlated 
to starch content. High starch content is an important factor in determining 
quality and high starch lines are being bred which could be more perlshable. 

Too high perishability of cassava and lack of weU developed tecmology for 
alternative markets lead to rapid saturation of markets and price decreases 
disastrous to producers when excess production occurs in any ene region. 
This often results in very low prices in ene area of a country whilst 
prices are high and demand not satisfied elsewhere. A direct result of 
this situation is that farmers are oFten unwilling to increase productivity 
Or area planted. Improved technology that allows arbitrage or the entry 
of cassava into mere stable markets will lead to a more stable floor price 
and thus break the vicious circle. The objective of too utilization section 
is te develop such technology. 

5.1.4.1 Fresh cassava. Initial werk at CIAT has shown a high probability 
for the successful development of simple fresh storage methodologtes. 
Efforts will concentrate on developing this to a stage Mere it can be used 
commercially. Once developed the technology would allow an expansion 
of the urban market where prices are currently high and qualtty low. 

5.1.4.2 Cassava fIour. Cassava is presently used widely in a varíety 
of flours made with traditional processes. The potential increased 
demand for this type of product is probabty 1 imited. On the other hand 
demand for cassava flour as a potential partial substitute for wheat flour 
in bakery products ls immense. At present flours of sufficiently high 
quality can only be produced by high energy consumption drying processes. 
The program will develop solar and natural drying systems which wlll 
ensure a hlgher quality product at lower costo 

5.1.4.3 Cassava as animal feed. The potential demand for cassava in 
animal feed concentrates ls very high. 1 he main limítations on entering 
this market are: (a) the high price of roots in certain regions; (b) drying 
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systems suitable rol" high humidity are as; (C) lack of information on the 
economics of drying cassava; and (d) lack of informatien on animal per­
formance at high levels of cassava intake. While the production research 
in the program continues to concentrate en reducing unit productíon coste 
the utílization section will emphasize research to remove the remaining 
constraints • 

5.1.4.4 Integrated use of whole planto Except for isolated examples the 
only part of the cassava plant presently util ized is the roots. As prcgress 
is made on the aboye aspects the section will pay attention to the research 
on the use of the enUre plant,parttcularly the leaves,as a protein source. 

5. 1 .5 lnternational Cooperabon Strategy in Cassava 

The state of development of the cassava industry and the level of support 
by national programs and government agencies varies tremendously. 
Consequently, the assistance required by different countries, 01" even 
different regions of the same country, wiU vary over time. In this 
document an attempt has been made to classify countries according to 
development of cassava prcgrams and then to identify the type of assistance 
required for each grcup. A generalized strategy for lnternational cooper­
ation with countries in different stages of development is given in Chapter 
6. With reference to cassava the grcuping of countries and the respective 
cooperation strategy is shown below. 

The type of assistance and collaboration in different countries obviously 
depends on their present and future status. The ovarall objective of the 
Program is that countries that have both the potential and need for in­
creased cassava prcductien progress to the advanced category. 

5.1 .5.1 Advanced cassava countries. These countries have a clearly 
demonstrated potenttal for increased production, and declare íncreased 
cassava production as a definite goal in the natlonal plan, and/or local 
agencies 01" industries have shown a real interest in increased cassava 
prcduction. National prcgrams 01" local agencies are strong and are 
able to support the cassava industry. In these countries the national 
programs are all relatively new and many need help and assistance in 
planning, particularly in defíning príority areas of actíon. In addition, 
many of the young professionats need further training and experience 
in research and management. 

The Cassava Program will assíst the natíonat agencies in project plan­
ning and through the provisíon 01' advanced training opportuníties. The 
base 1'01" improved productíon technology will be new agrcnomic practices 
and germplasm. The national programs in this group are sufficíently 
strong to be able to develop both aspects. However, in the case 01' 
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improved germplasm, they wiU benefit heavily from CIAT materials 
for several years. CIAT estimates that from the inception of a new 
breeding program to the release of a new variety appl"oximately nine to 
ten years are required. By importing germplasm in the form of sexual 
seed 01" selected clones, national programs can capitalize on CIAT's 
efforts and shorten the period to six years or, in the case of clonal 
material, less than three years. The interchange of germplasm should 
not, however, be haphazard. Selected croases from CIAT, tailor-made 
for specific ecosystems, would be evaluated by national programs. 
CIAT and national program personnel wil1 determine whích varietal 
characters are required in each country. Feedback on their field 
performance wíl1 be essential so that second generation materíals can 
be better adapted. Much useful information is already being developed 
in the natíonal programs and a large part can be apptied in other coun­
tríes or areas. CIAT wíl1 act as relay agency to see that each national 
agency ís aware of what is happening in other countries. 

Much of the basis of improved yields will depend en the technical capa­
bUity of the national programs to provide certaín types of back-up support 
to the farmers. These serví ces wíll ínclude the propagatíon of large 
stocks of !lclean seed" of the new clones, insect hatcheries for biolo­
gical control, and field díagnostic expertíse. CIAT will assist in orga­
nizing in-countrY courses for training technicíans in these techniques. 

5.1.5.2 Developing cassava countries with strong national programs, 
These countries have strong national cassava programs and potential 
for increased production but have no national poticy for increased 
cassava production and only poorly developed channels for marketing or 
util izing increased production. These countries are thus in a somewhat 
paradoxtcal position of having strong natíonal cassava programa but no 
overan strategy for production and utilization of íncreased cassava 
production . 

Emphasis wil1 be placed on determining the potentíal production and the 
economic advantages to the countrY when it reaches this potential. C IAT 
will collaborate in establishing regional trials using local varietíes and 
imported germplasm so as to assess potential productivity. In coopera­
tion with the CIAT Cassava economics section, the economíc gain the 
coul1try could expect if cassava production were to be increased, will be 
assessed. This information wiU be made available to policy makers so 
that they can decide if they wish to implement a full-scale national cas­
saVa project at the A-group level, in which case the operational strategy 
will be changed. 
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5.1.5.3 Developing cassava countries wíth weak national programs but 
with an expressed need to íncrease cassavaproduction. In these countries 
either government or prívate industry has an interest in increasing cas­
saya production and there ls a known latent potentíal for increased 
production, but improved marketing and utilízatíon possibilities have not 
been explored. 

The main emphasis will be on training personnel to test the CIAT-produced 
technology and germplasm and to assist in economic planning. CIAT will 
assist in establishing trials to validate the new technology under local 
conditions and will collect data for economic planning. If the decision is 
made to strengthen the national program, assistance will be given in the 
form of training and help in project planning. 

5.1 .5.4 Calorie-deficit countries not presently interested in cassava. 
These countríes have no national cassava programs, and decision-makers 
are often not aware of the new cassava technology and what it has to 
orrer in terms of solving their calorie deficít problem. The maln em­
phasis in these countries will be to evaluate production potential through 
regional trials on a small scale and to determine the status quo of cas­
saya production and the economic viability of increasing productíon. 
CIA T will help establish regional tríals and collect the necessary ínforma­
tion on present cassava production methods. 

5.1.6 Program AccompHshments 

In 1969 collection of germplasm was initiated throughout Latín America, 
and by mid-1971, 2200 clones had been assembled. The germplasm bank 
has formed the fundamental base for the varietal improvement programo 

By 1973 the material was increased and evaluated with special reference 
to agronomic characters. Selected clones from the bank yielded as high 
as 61 tjha/yr of fresh roots and 22 tjha/yr root dry mattar. The 
importance of harvest index as a selection criteria was established. 
50urces of resistance to so me of the major diseases and insects were 
identified and an agro-economic survey was undertaken to assass the 
production technology used by farmers and to determine the major con­
straints on yield and increased production. 

One of the majar bottlenecks for research and for distribution of new 
varieties was found to be the stow rate of propagation of cassava. A 
rapid propagation technique was developed that increased multiplication 
rate fourty-fold. Meristem tissue culture techniques have been develop­
ed and the methodologies have be en shared with nationat programs to 
facilitate internationat germplasm transfer at substantiaUy reduced risk 
.of pest and disease transfer. Ath the same. time, work was started on one 
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of the majol'" constl"'aints to utilízation: pel"'tshability. The basic physical 
data on drying of cassava I"'oots was obtained and it was demonstl"'ated that 
cul"'ing of cassava I"'OOts pl"'evented I"'apid physiological detel"'ioration aftel'" 
harvest. 

OUl"'ing the years 1974 and 1975 the Progl"'am began to move its research 
outside of CIAT so as to test the newly obtained results over a range of 
environmental conditions and to evaluate disease and pest resistance in 
the field. Two major sites were established on ICA stations. At Caribia, 
representative of lowland tropical areas with a pronounced dl"'y season 
(ecosystem 1), and of Carimagua, a high stress site representative of the 
acid infertile savanna (ecoystem 2). In addition, within Colombia, a 
series of regional trials wel"'e establ ished to test newly developed clones. 
Colombia, due to its size and topography, has a remarkable ecological 
variabilityand, as a I"'esult, testing of lines under a bread range of 
conditions can be accomplished at very low cost. This testing network 
gave the basic data for the later establishment of international trials, 
the norms of which wel"'e established at an IORC sponsored conference 
in which natíonal agencies expressed their needs. 

As the international trials were started the fil"'st links were made with 
natlonal programs. National programs, except for the Indian program, 
were univel"'sally weak 01'" non-existent. Contact was made with high-Ievel 
officíals in govemment agencies and a massive cooperative tl"'aining pro­
gram was started to provide the nascent national progl"'ams with trained 
pel"'sonnel. As of 1980, some 209 trainees from 19 countries in the 
Americes, and 68 from 7 countries in Asia, have received postgraduate 
training in various disciplines. 

Through the period 1976-1980 thousandsof hybrids were produced and 
tested, and hlgh ylelding, disease and pest I"'esistant tines were obtained 
fuI'" further tes ti ng • lmproved agronomic practices were also developed 
and these were evaluated with the new clones in both the regional trlals 
and the on-farm evaluation trials. The net result of this work ls best 
íllustrated by the regional trials. With low input improved technology, 
average yields of local clones in Colombia was 2ot/ha (national average 
8.0 t/ha). These data illustrate the potential for the CIAT technology 
to double yield at selected locations without even changing varieties. 
The on-farm validation trials have shown that smaH farmers can readily 
increase their yields by 70<y. using this technology. In addition, the impact 
of the new selected clones and hybrtds boosted yields as SO t/ha in the 
regional trials. These clones will have probtems, such as a slow multi­
plication rate and inferior eating quality; however, they do demonstrate 
the tremendous yield potential that can be realized at the farm level by 
further research and development in the decade of the eighties. New 
clones being produced by the Program are rapldly overcoming sorne 
of the demonstrated deficiencies of eal"'lier evaluated materials. 
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5.1.7 Projected Program Developments 

Although there are only minor changes and additions to the core research 
staff there will be considerable changes in emphasis within the overaU 
program. The major change in emphasis in the germplasm improvement 
section wHl be towards developing specific germplasm for each ecosystem. 
Less emphasis will be placed on ecosystems 4 and 5, more on eco-
system 1. 2 and 3. Outposted research work ls projected for ecosystem 
6. In addition, as national programs develop, more stress will be placed 
on providing sexual seed for selection in national agencies than on the 
production of finished varieties. A schematic diagram of the changing 
importance of various activities in the Cassava Program over the decade 
of the eighties ls presented in Figure 5.1. 

In the area of crop protection continued emphasis will be placed on host 
plant resistance as the basis for integrated pest management. As resis­
tance sources are found more effort will turn to other methods of control, 
such as biological control and phytosanitary practicas in those casas 
where host plant resistance is not the most appropriate form of controL 

up to the present much work has been done on realizing the maximum 
yield potential under moderate input levels through the development of 
technology that is broadly adapted to a wide variety of conditions. This 
emphasis wiU be modified so as to develop a technology that allows high 
and stable yields to be obtained in each ecosystem. 

Work on utilization and marketing has not received much attention in the 
Program. Now that viable high yielding technology allows yields and 
area planted to be substantial1y increased, more attentlon will be focused 
on improving the utilization of cassava. 

Since the research requiraments in cassava utílization are quite diverse 
and often of a short-term natura CIAT has projected research in this 
area on a more opportunistic basis than in other actívitíes. Particular 
emphasis will be placad on fresh cassava storage and the future role of 
cassava as an animal feed, as well as other components inc1udíng appro­
priate technologies for the sun-drying of cassava and in the procassing 
of dried materials. The Program will continue to be alert to futura world 
developments in the industrial uses for cassava in order that farm level 
processing can be developed to meet these new demands. In this research. 
emphasis will be particularly placed on techniques which are low users 
of energy in relation to output and which are appropríate for small farmer 
conditions . 

5.1.7.1 Germplasm improvement. The germplasm development section 
(consisting of two senior scientists). is alreaqy evaluating the germplasm 
bank in four of the major ecosystems. The germplasm bank will be 
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Figure 5.1 Relative emphasis in the Cassava Program on various aspects of technology develop. 
ment activities in the decade of the eighties 

Relative 
emphlBi. 

1980 1982 1984 1988 

Germplasm improvemet 
L.U.","",.:..>.\I 

[:::::::::::::::J Production practice • .. .. .. .. . .. " .. 

1988 1990 
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evaluated in a fífth ecosystern: the hot, humíd lowland troptcs. As the 
initial germplasm evaluatíon is completed attention wiH tum to the produc­
tion of elite Unes containing combinations of deslrabl.e characters for each 
ecosystem. Large quantitítes of sexual seed from these elite lines w!ll 
also be produced for use by level A natlonal programs. Breeding will be 
dynamic in order to incorporate new techniques (section 5.1.7.2 below). 

The elite Unes will form the basis for crosses in varietal impravement. 
The varietal improvement section will develop clones specifically adapted 
to each of the major ecosystems. In the coming years more attention 
will be given to selection for yield stability and root quality, both for the 
fresh and processed markets. Neither the varietal improvement section 
nor the germplasm development section can work in ecosystem 6 as this 
ecosystem is not represented in Colombia. The strategy in this important 
area will be discussed in a later section. 

5.1.7.2 Tissue culture. Major problems in a vegetatively propagated 
crop such as cassava are associated with storage of germplasm. and 
production of disease-free stocks. The tissue culture section of the 
Germplasm Resources Unit is developing methodotogy for cheap storage 
of germplasm as plantlets, and production of planting stocks from 
meristems. lt is expected that within three to five years these procedures 
will become routine. When this occurs attention will turn to use of tissue 
culture techniques for production of haploids, protoplast fusion and even, 
eventually, genetic engineering in support of varietal improvement. 

5.1.7.3 Plant nutrition and physiology. Research in these areas is 
conducted by a physiologíst and a plant nutritionist. The basic nutrient 
requirements of cassava and the physiological characters associated with 
high yield under non-stress conditions have been defined •. The plant nutri­
tion section will identify material that grows well under extreme conditions 
of low pH and high aluminum lavels and defina characters associated with 
high yield potentíal under low soU fertUity conditions in conjunctíon with 
the physiology section. In addítion, particular attention will be paid to 
the most efficient use of limited quantities of fertilizer. In this respect 
the possibilities of using cheap rack phosphates with mycorrhizaljcassava 
assocíatlons wíll be assessed. The physíology section wíU concentrate 
en stress factors that cause instability of yield and quality with a view to 
developing varieties with high yield stability under clímatic variation in 
each ecosystem. 

5.1.7.4 Plant protection. The plant protection sectien (2 senior scientists) 
identified díseases and pests that attack cassava, and evaluates their 
ímportance in decreas íng yields. Important diseases and pests are studied 
in detail 50 that control measures can be developed when necessary. In 
the past, major emphasis has been placed on superelongation disease, 
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bactertal blight, thríps and spidermítes where resistance sourcas have 
been found. As these problems are resolved through breeding they progres­
sively become more a part of the germplasm development sectíons. Many 
of the díseasas and pasts can bast be controlled by other means. Biological 
control and cultural practice measuras have been developed and new em­
phas ís ls placed on biological control of mealy bugs and other insects. 
Treatments to control pathogens of planting materíals have been developed 
by the pathology section. Attention wiU now turn to pathogens of stored 
planting materíals. The major diseases and pasts and development of 
control methods are shown in Table 5.3. 

5.1 .7.5 Agronomic practicas and regional trials. The agronomic prac­
tices section (2 senior scientists) will concentrate on the development of 
suitable cultural practicas far the dlfferent ecosystems (i. e., ecosystems 
1-5) and witl pay particular attention to modification of these practices to 
ensure compatibility with the new germplasm. The regional trials section 
combines the best new clonas with the improved management practicas 
and tests these under a broad range of conditions. Special emphasis is 
placed en development of multiple cropping systems far use by small 
farmers. 

5.1 .7.6 Economics. The work of the economícs section (ene senior 
scientist) revolves around the analysis of the potentíal economíc ímpact 
of improved cassava technology in Latín America. The analysis providas 
a framework for integrating demand potential and competitiva prices in 
various end markets with necessary production costs at the farm level. 
On-farm rasearch trials provide a systems methodology fuI" defining 
potential productivity and technology design requirements for the research 
programo With methodologies astablished on the basis of research in 
Colombia these production and demand studies in the next decade wiU 
be extended to collaboratíng countries in Latín America. 

5.1.7.7 Utilization. The organizatíon of the utilízation seetien is some­
what different from the other subsections in that, although utiHzation is 
a vast topie to be researched, there ls enlyone senior posltion. This 
position will be used to give continuity in a program that is expected to 
be dependent en a large number of special projects. mainly of a short­
term nature, to resol ve specific problems. 

Research in the utilizatíon section wiU eoneentrate on: (a) methods of 
fresh cassava storage to prolong shelf life for human consumptien¡ 
(b) production of high quality flours;and (c) technotogy for the use of 
cassava as an animal feeq,particularly sWlne and poultry. Fresh eassava 



Table 5.3 Major di ... ,. pesto and conuol m ..... r... (Control methods in parenth ..... re .tiU beíng dev.lope<! 0' are the most lik.ly fo,m of control 
to be d ... lopedl 

Oisnse or Pest LoS$es Oistribution Control Methods 

Ca$Sava Bacterial BlIght Up te 100% WidesprelJd C1ean seed. agronomic practicM, (resistant varieties) 

Afriean: mosaic dlsease Upto90% Widespread in Afrlca and India Clean saed. rogueiog, resistant varieties 

Superelongation Up to 100% Limited, only 11"1 Americas Stake treatment (....arietal reststance) 

Frogskln díS&l.!l$e Up to 100% Very limited, onfy in Americes íDisinfection of tools, eleso plantlng material) 

?hama Upto 100% Limited to cool humid areas (Varietal resístance) 

Cercospora leaf spou Upto30% Very widespread (Varietal resistancé) 

Pathogens of p\anting piece Up to 100% Very wldespread Sta ke treátm ent 

Anth racnose Not known but Umited areas of Americas 8nd Africs {Varietaf resistance) 
maybe high 

Prehorvest roO! rots Upto 100% Mainly in poorly dr.ined oreas Crop rotation. ridglng 

Spidermítes Upto50% Widespreed. in dry Mason (Siological control. vari$tal retistance) 

Homworm 20% per attack Wldesprm In Amérk:at only BloIogical control 

Thrips Up to 28% Widespread Variétal resistance I 
$cales Reduces germina- WidMpread (Btological controt varietal recístancel (J) 

tian, up to 20% from 
-.¡ 

later attacks I 

Mealy bug, Probebly high Limited (Biological control. varieta! resistente) 

Shootflies Up te 34%. general· Widespread ¡n Americ8$ Only necesaary in eeny growth stages (Variétal r"manee) 

IV very lo ..... 

Major Soun:)e: A. S.lIon:i IInd A van $choonnoven (1978). Cassavll PIR$ts linO Their Control. CIAT Serlu 09EC-2. pp. 71. 

Lozano. J.C. and 1lI. Booth (1974). Oi,e ... of Cassl!lva (Manlhot .. eulentl!l Ctantz) PANS 20(1):30-54. 
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storage methods based on pruning systems before harvest and the use 
of polyethylene bags and non-toxic chemical protectants will be further 
investigated. The matntenance of quality during storage is the es­
sentía1 aim of this work. Solar drying methodologiea using simple 
solar ovens coupled with improved storage techniques will be investigated 
to improve the quality of the cassava flour producto The use of cassava 
as an animal feed at higher levels of intake for poultry wiU be tnvesttgated 
particularly with respect to the supplements required to prevent reduced 
animal performance at these intake levels. Feeding trials with commer­
cial enterprises will be carried out in order to evaluate the economic 
feasibility of cassava as a feed. 

5.1 .8 Future Headquarters-based Research Stafftng Requirements 

The viral diaeases of cassava in the Americas were not previously con­
sidered as major constraints on yield. However, in the tast few yeare 
two new diseases, probably caused bY virus infestabon, have been iden­
tified and both have preved capable of causing complete crop failure. 
Intensive investtgation of these diseases ia under way. A virology 
position is prejected for 1983 in arder to advance this research. 

Recent work at CIAT and other institutions has amply demonstrated the 
importance of mycorrhizal associations in impreving the phosphorous 
nutrition of cassava. A special project with GTZ funding has recently 
been mounted to determine the potential for economic exploitatian of this 
associatlon. If results suggest that the effect can be greatly enhanced 
through research then a new positlon may be requested for a microbiolo­
gist with the Cassava Programo 

Production of goOO quality planting material, and its storage, is vital if 
high yields are to be obtalned. More and more data ls being coUected that 
shows that "seed" production may require different crop management 
practices to that used for root production. A sentor staff position is not 
required for this research at present but if new varieties with high yield 
potential do produce less "seed" of good quality than traditional varieties 
it may become necessary to develop research in this field. The new 
avenues of research which have been described aboye may not neces­
sitate an increase in staffing. The plant nutrition section may weU move 
into the mycorrhizal fie1d, and the plant physiology 01'" agronomy sections 
[nto seed production research, without increased staff needs • In the 
case of the virologist an increase of ene senior staff is definitely required. 

The general CIAT-wide atrategy for postinga in locations other than at 
headquarters la addresaed in Chapter 6. The foltowing projections as 

. to outposted ataff requirements by the Cassava Program are considered vital 
over the decade of the eightles if the Program Is to achieve its objectives. 
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5.1.9 Outposted Research Staff 

5.1 .9.1 Subtropics. Ecosystem 6 (the cool winter areas) ts an important 
cassava producing ecosystem in the Americas and in other regions of the 
world. Due to tts locatton, CIAT at present cannot work in this area to 
provide basic germplasm to regions such as parts of Mexico, southern 
Brazil, Paraguay, solivia and the more northern islands of the Carib­
bean. lt is proposed that, begtnning in 1983, one senior research scien­
tist with research supportbe placed at a research instirute, (probably in 
SantaCatarina insouthernBrazil), to first evaluate CIAT and local germ­
plasm under these conditions for further breeding. TIlis matertal wílt 
then be made avatlable to other countries where ecosystem 6 predominates. 

5.1 • 10 Regional Cooperation 

5.1.10.1 Asia. Approximately 40% of the total world cassava production 
is in Asia. Until quite recently the ooly couotry with a majar national cas­
sava program was India. Over the last five years natlonal programs have 
developed lo TIlal1and, Malaysla, Phillpplnes, Indonesia, and Srt Lanka. 
CIAT has been lnvolved in supportiog these programs through tratning, 
consultation and the provision of improved germplasm. CIAT has had a 
regional services position under spectal project funding in Asia which 
facilitated this work, particularly in the introductíon of germplasm and 
organization of trainíng. TIle Funds for this pasitian have now anded and 
Asian naUonal agencies have requested that CIA T once again station person­
nal in Asía to assist wíth coordination of activities in Asia and in germ­
plasm development. From CIAT's point of view it is becoming progres­
sively more difficult and expensive to provide the Asian national agencies 
with technical assistance from the Colombia headquarters. The two areas 
where these constraints are greatest are in coordinatlon of traintng activi­
tíes and in maintaining an awareness of changing naUonal needs, and in 
supplying countries with germplasm specificaUy adapted for Asían condi­
tions. This tatter sítuatlon ts of great cancern because, at present, the 
ranga of genetlc variability in Asia is extremely limited. It is propasad 
that CIAT, startlng in 1982, outpost one regional cooperation positian in 
Asia that would provide continuity and liaison for possible teams which 
would be non-core funded. 

5.1.10.2 Andean Zone. The countries of the Andean Zone are traditianal 
cassava producers. They hava recently become major importers of 
grains for animal faed and several have expressed the desire to increase 
cassava productíon to replace imported grains. Cassava programs in 
thís region are unlversaHy weak or non-existant. Regional services 
for the Andean Zone will be accomplished through interaction by head­
quarters-based staff with the neighbourlng countries in the zone. No 
outposted regional position for the zone ts projected in the plan. 
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5.1.10.3 The Caribbean, Central Americe and Mexico. While the regien 
ls at present of less importance as a cessava producing area, many 
countrles in the region are classified as calorie-deficient. Cassava pro­
grams are only now being developed and require considerable assistance 
in planning and traíning during the!r formative years. In addition, for 
many years these areas will be directly dependent on CIAT-developed 
germplasm. In mest cases they will require finished varieties rather 
!han sexual seed 01" large number of populations for selection. An out­
posted regional cooperation scientist is projected for 1985, to previde 
support to the national agencies in the region. 

5.1.10.4 Africa. In the CGIAR system CIAT has global responsibiltty 
for cassava, and liTA has regional responsiblli1;y for Africa. At present 
about 40,% of the world's cassava ls produced in Africa. Much of the 
germplasm management practices developed in CIAT may be applicable 
in Africa (e.g., biological control egents for mealy OOgs, a major pest 
in Africa, were recently sent from CIAT for testing and multiplication 
by liTA). Two major differences exist between African and the Americas 
in cassava productton. Firstly, the major disease, African Mosaic, 
does not occur in the Americas; and secondly, slash-and-burn culture 
is much more widespread. These two major differences make tt neces­
sary to have a major cassava research effort in Africa. The lITA pro­
gram does not, however, have the same resources as CIAT, particular­
ly in the case of genetic variabili1;y, and its efforts could be greatly 
enhanced tf there was more liaison with CIAT. In addition, tt ts vitally 
important to evaluate American and Asian clones under conditions of 
African Mosate in case the disease arrives in these continents. Re­
slstant clones would Ihen be available. For these reasons it is tenta­
tively proposed to place, starting in 1986, one CIAT scientist in lITA 
wilh major responsibilities fOr germplasm exchange and more rapid 
interchange of research developments between the two institutes. 

5.2 Sean Program 

The common dry or field bean (Phaseolus vulgaris L.) is the most lmpor­
tant grain legume species for direct human consumption in the world. 
Production spans regions as diverse as Latin America (3.6 minion 
tons per annum, 1977-79). Africa (1 .4 million tons), the Middle East, 
China, and the United States. Seans are a traditlonal food in Latin 
America, particularly in Srazil, Central Americe, the Andean Zone, 
and in some of Ihe countries In the Caribbean. The analysis presented 
in Chapter 1 indicates that beans are the cheapest source of protein and 
a relatively unexpensive calorle SOUrce. 

The common bean is gene rally a crop of Ihe small farmer and is grown 
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in a wide range of cropping systems wh!ch often inelude maize in the an­
nual cycle. The majority of bean production occurs in systems utilizing 
few purchased ínputs, and yields are gene rally low. While production in 
Latín America has íncreased approxímately 1 % per annum over the tast 
decade, yields haye generally declined and currently average On the order 
of6oo kg/ha. Area expansion has enabled a slight productlon growth to 
continue, but this growth has not kept pace with population. much less 
demand growth. Due to rapidly increaslng exportation from Argentina. 
mainly to Europe, Latín America has become a net exporter of beans. 
although some countries such as Cuba, 8raztl and Venezuela have 
substantially increased theír ímports in recent years. Sean prices have 
increased more rap!dly than general inflation in many countries. In 8ra­
zil, real priees trípted from 1972 to 1976. Over the sarne period, per 
eapita consumption decreased from 26 kg to 22 kg, thus further aggravating 
the nutritlonal problems of the pOOl". 

Even though market prices haye genarally increased, beans production is 
charaeterlzed by low prof!tability and high rlsk which are relate<:! to low 
and very unstable yields, associated w!th seasonal climatic varlability. 
and, henee, seasonal prlce f1uctuations. These factors have increasingly 
led to the displacement of beans in traditional areas by higher value crops. 
ThuS, in 8razil, soybeans haye displaced baans on the more fertile sonso 
and procluetívity has decllned due to the marginal lower fertiHty soits 
into which productlon Is moving. A similar effect has occured in Mexico. 
but in thls case increased sorghum product!on may have been the com­
petítíve influence. 

Selected commercial bean varletles. grown under experimental condltians 
with approprlate plant p~tection and irrlgatlon, are capabte of far higher 
yields than Is evtdent In nationat production statistics. Experimental 
bush bean yields in monocutture of 3-4 t/ha in a crop season (90-120 d8ys) 
are not uncommon. Experimental y!elels of cUmbing beans grown on 
artificial support (monooulture) ha",a exceeded 6 t¡ha In 100 deys at 
CIAT. A large yield gap exlsts batween farm end experimental situations. 
a gap whtch could be reduced substanttany thl'ough the use of improved 
vartetles anel pi"oduction technology. Economic analysas have indicated 
thet were production in Latln Amerloa to rise by 5% per arn.Am over the 
next f've years, the increased production woulel be absorbed by increased 
consumption, with en average price deollne of only 3%. 

5.2.1 Productlon Systems and Constraints 

In the developing countrles 01' the Western Hemlsphere. beans are grown 
ove,. a wlde ra"ge of latitudes and altitudes and In recurrlng series of 
cropptng ayatema whlch have evolved on small fal'rrnJ to adjust te vaM.OUS 
envíronmentel and socio-economlc constralnts. The four majar cropptng 
systems of productton can be clasalfled as follows: 
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a) Bush beans in monoculture, typified by 101/\/ te middle altitude areas 
in Mexico, the Dominican Republtc. Brazil. Peru. and Chile. 

b) Bush and semi-climbing beans in relay systems with maize, typified 
by 101/\1 to middle altitude areas in Mexico, Central America, Colom­
bia, and Brazil. 

C) Bush beans in direct association with maize (sown at same time), 
typífied by middle altitude areas in Colombia, Venezuela and by 
many areas in Brazil. 

d) Climbing beans in direct association with maize, typified by the 
higher altitude areas of Guatemala. Colombia, Ecuador. and Peru. 

In these systems the predominant role of maize as a companion crop is 
cIear. A major constraints to increased production of beans per ~ ls 
the competitive influence of maize within the varlous cropping systems. 
Most studies reveal yield reductlons of the order of 50% in associated 
systems with maize. In farmers ' terms it is obvious that the total 
return from the system ls more important than the individual components. 
Data on the micro-regions of production of beans in the Americas is being 
collectad by the agreecosystems analysis group which will previde an 
accurate accessment of the relative production importance of the varlOUS 
systems. Preliminary data suggests that the rank order in terms of 
total production is roughly in the order presented above. 

In terms of biological constraints, of major world crops, beans are undoubt­
edlyone of the most susceptible te diseases and insect attack. More than 
200 pathogens are identified which can influence the productivity of the 
specles. Diseases and ínsects across all zones of production constitute 
the most important common constraints to increased production and 
productivity. The most common and widespread of the dlseases in the 
Western Hemisphere are: bean common mosaic virus (BCMV), bean rust 
(Uromyces phaseoli), anthracnose, (Colletotrichum llndemuthianum), and 
angular leaf spot (lsartopsis grisela). Common bacterial bUght <Cantho­
Enonas phaseoli) and bean golden mosaie virus (BGMV) are equally severe 
in particular locations and years. Most commonly utilized cultivars are 
not resistant to the major diseases of importance and, at best, show a low 
level of tolerance. Each of these diseases can cause yield losses as high 
as 8Ó"!e-100'!C The transmiss!on of BCMV, anthracnose and bacterial 
bl ight through infected seed has caused the wídespread dissemination of 
these diseases, not only in the Western Hemísphere but also in regíons 
outside the center of origin of the species. The disease problems in 
Africa are similar to those that occur in Latin Ameriea except that halo 
blight (Pseudomonas phaseoltcola) ís relatively more important. 

Among the insect pests, leaf hoppers (Empoasca "pp.) and pod weevíls are 
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considered of greatest sígnificance as constraints to production. Yield 
reductions in highly susceptible varieties due to Empoasca have been 
measured as high as 90%, wlth reductions of 20-50% commonly occuring 
in many farm situations, even when insecticides are utilized. [nsects 
of stored grain, such as Zabrotes and Acanthcscelides, inflict heavy 
losses, forcing farmers to seU their harvest rapidly, which is con­
tributing factor to post harvest price decHnes. The bean fly (Ophiomya 
phaseoli) in the most common insect in Africa causing severe losses in 
yield in many countries. 

The data available en the bean micro-regions has allowed a growing-season 
climatic zonificabon to be carried out (Table 5.4). The seven zones are 
classified according to average growing season temperature and water 
balance conditions, with each zane representing a group of diverse 
microregions with similar mean climatic conditions prevailing during 
the actual growing season of bean productian cammon in each micro­
regían. The data suggests that a large proportion (76%) of bean praduc­
tían in Latin America occurs at temperatures considered clase to optimum 
for the species (20-23° C). On the other hancl, 73% of total production 
o=urs in micro-regions with moderate to severe mean water deficits 
at some time during the cropping season. Only a sman proportion of 
this productíon occur unclar irrigation. In climatíc terms, beans are 
thus expased to quite seríous water defícits, and this constitutes one of 
the major constraínts on production. The quite surprising tendency 
for production to take place over a narrow temperature range is an indíca­
tíon of a relatively high sensitivity in adaptation to temperature condítions 
in these species. 

Physiological defects of currently utilized cultivars (mostly land races) 
contribute to low and unstable bean yields. Most cultivars are of 
pOOl'" plant type, with the pods in contact wíth the soil at maturity, which 
can contribute to a pOOl" quality product due to pod attack by soil-bome 
pathcgens. Many cultivars are of determínate bush habít with early and 
intense floweríng charactertsttcs which contríbute to yield instability. 
These cultivars show Httle ability to compensate for low sowing-denslties 
common on most emall farme, anc! have no mechanlsm for renewed flower­
ing when stress ls relieved. 

Soíl related constraints are assuming a greater importance as bean produc­
tion moves to more marginal soils. Soil acidity and hígh phosphcrus 
fixatíon characterize many of the soils now utilized. Associated aluminum 
toxicity leads to reduced root development and increased sensitivity to 
water deficlts. Nítrogen deficlency is also a limiting factor in many bean 
soils, and thle ls complicated by a low nitrogen fixation capacity in most 
currently used cultivare. 

All of the majar env"íronmental and bíological constralnts to increased 
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Table 5.4. Zonification of bean productlon in Latin Amerlea 

Tvpe 

A 

e 

e 

D 

E 

F 

G 

General Oescription 

Average temperatures mean $88$00&1 
water tolerance adeQoate 

Average temperatures. sUght excess 
in water balance 

Average temperature/ll. larga deficit 
in water batanee (irrigated afeas) 

Average to moderatefy low tempera-
tUfe$ with PQ$$lble deficlt ro V\l8ter 
balance towards end of growing seasan 

High temperatures with po$síble defie¡t 
in water balance towards end of grow-
ing season 

Moderately low temperatu rC$ and mod-
erate water balance deficlts 

Low temperatures and adequate mean 
~sonal water balance 

Mean growing l' 
seas:on 

temperature 
'c 

22 

23 

23 

20 

26 

16 

13 

Mean of r;ondfttons in mkroregions constltuting eech productlon l"ona type. 

Ranga In mean 1 

daitv growi"g season 
water babance 

:t mm/dav 

.1.5 to <0.4 2 

<0.4 to +4.0 

~5.6 tO -5.1 

·2.7 lo .1.6 

-4.1 lo -0.3 

·2.310 ·1.9 

-0.9 lo -0.52 

2 Value$ refer to range In mean water balaflees condítku'\$ oecurrlng wlthln tha growlng teMOn. 

Latin American 
Production 

1'000 ton} % total 

661 17 

118 3 

628 14 

1672 42 

262 6 

461 11 

45 
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bean praduction are researchable. While national programs of research 
in beans have existed for many years, progress towards the resolution of 
the problema through new technology has been limited. Some countries 
with historically strong national research programs, such as Mexico and 
Colombia, have made considerable progress in productton indicating 
that a potential exists for improvement through research. 

5.2.2 Objectives of the Sean Program 

The goal of the Sean Program, in collaboration with national research 
efforts, is to ¡ncrease the y¡eld of beans and to improve the stability 
of product¡on by focusing research on the principIe constraints. The 
program has focused ¡ts research strategy in the light of the constraints 
in the Western Hemisphere. In general, the constraints on praduction 
in Africa parallel those in Latin America. The problems at all levels 
are probably more serious in Africa, and a concerted effort will be 
required to provide solutions through reaearch. Much of the research 
carríed out in Latin America ia applicable in Africa but regional adaptive 
work ls still required. 

In recognizing the magnitude of the task, the Program has always sought 
to delineate its range of actívitíes and to concentrate in those areas 
where lt has a comparative advantage. Thus, it has avoided the humid 
lowland tropios where disease pressure ts excessive, and the high acid, 
infertile soits of the agricultural frontíer where bean praduction would 
only be possible with massive soil amendments. The Program has also 
confined its activities to Phaseolus vulgaris, avotding the temptation to 
work with other graín legumes, such as lima beans (!:. lunatus), cow­
peas (V. ungtculata) 01" soybeans. Investigations in other closely related 
Phaseolus spectas (i. a., P. coccineus and !:. acutifol tus), has be en 
confined to those characteristics of those species likely to lead to genetic 
improvement in P. vulgaris. The Program has thus narrowed its 
specífic objectives to the following. 

a) In collaboratíon wíth national research institutíons, to develop ím­
proved technology for beans (Phaseolus vulgaris), partícularly 
higher and more stable yielding germplasm, which will lead to 
increased national production and productivity in those Western 
Hemisphere countries where beans are an ímportant souree of foad. 

b) To assíst in achieving the same objeetíves in other regions, particu­
lady Eastern Afriea, through lnstitutíonal arrangements in which 
CIAT can provide an input which wUI allow advantage to be taken 
of the work in this Hemisphere. 

c) 10 selectively strengthen tha already existing national research 
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programs in beans through training and the extabl ishment oF a bean 
research network oF collaborating professional scientista. 

5.2.3 Research Strategy 

In recognitlon of the overwhelming importance of biological constraints, 
the primary focus of the Program in terms oF germplasm improvement 
has been on breeding for disease and insect resistancejtolerance in a 
range of selected commercial grain types. Initial emphasis was placed 
on overcoming losses due to BCMV, rust, anthracnose and Empoasca. 
By overcoming the yleld reductions from these principie disease and 
insect pests, the Program alms not only to increase yieIds but also to 
reduce yield variance over time. Increasing emphasis on BGMV and 
common bacterial blight has been necessary in more recent years as 
the need for materíals with these resistances became more evident in 
particular regions. Continuing emphasis on breeding for host plant 
resistance to the economically important diseases and pests will be neces­
sary throughout the next decade. The emphasis on present massive 
screening programswill diminish as national programs increase their 
own research in that area. Increased attentíon by CIAT on the provision 
of more stable resistance sources and in studies on the epidemiology of 
the diseases will then be possible. 

Parallel to the primary focus, Le., diseases and pesta, the Program has 
placed increasing attention on improvement in a range oF otOOr character­
istics in too germplasm, inc1uding nitrogen fixation capacity, drought 
tolerance, and soil relatad constraints, particularly low phosphorus 
avaiJabilUy. Improvement in basic plant types within too various growth 
habit types has been approached gradually, and steady progress has been 
achieved. The chances of large and precipitating breakthroughs in yield 
potential through manipulation of the physiological constraints does not 
appear to be high in this species. The situation is similar in other grain 
legumes (e.g., soybeans and cowpeas), where progress has been character­
ized by steady progress towards particular objectives. The Program 
strategy of a heavy initial concentratlon on diseases and insecta was a 
recognition of this situation. 

Too Program has made considerable progress in defining the plant types 
suitable for particular cropping systems both in bush and climbing beans. 
It is clear that no one type of plant can satisfy the rather diversa cropping 
pattern that existo In designing plan type objectlves the program has been 
particularly cognizant of the needs of the small farmer and the traditional 
cropping systems. In this technology design process, information provided 
by the Agroecosystems Analysis Unit has proved invaluable in orienting 
the research. Further progress along these lines is expected in the early 
years oF this decade to allow the Program to continue to focus on principal 
constraints in each group of micro-regionjcropping system situation. 
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5.2.4 Program History and Research Accomplishments 

While initial studies 01'1 beans and other grain legumes had been under­
taken al CIAT prior to 1973, formation of a coordinated program focused 
only on Phaseolus vulgaris dates from that year. Inítially, five man-years 
01' senior staff activity were involved. As additional breeding and pathology 
initiatives were undertaken, the team gradually increased to ¡ts presently 
budgeted 12 senior staff pos itions. The disci.plines now represented are 
as follows: breeding (two in bush beans, one in clímbing beans), agronomy 
(3), pathology (one each in mycology and vi.rology). entomology (1), phys­
iology (1), soil microbiology (1), and economícs (1). 

The germplasm specialtst ín the CIAT Genetic Resources Unit assísts 
through the provision of genetic variability while nutrttional and consumer 
preference characteristics 01' advanced materials are monítored by the 
Food and Nutrition Laboratory. 

Establíshment at CIAT of the world Phaseolus germplasm collection, 
currently containing over 27,000 accessions. has formed the base in 
the search for sources 01' resistance to majar diseases and pests. These 
materíals are utilized in a massive breeding program presently carrying 
out more than 1500 different crosses (parental combinations) per year. 
Facilitated by computer data management in whích hybridization and saed 
movement are recorded, a1l Unes undergo a series 01' evaluations in which 
aH team members participa te. These evaluatíons culrninate with the best 
1 ines being íntroduced into the internatíonal testing program (International 
Bean Yield and Adaptatíon Nursery, IBYAN). 

The first level of evaluation of the breeding populations (F2 and FS) is 
carried out by the breeders for disease and insect resistance, archttec­
ture, and consumer requirements. In the second stage of evaluation, 
which tnvolves the whole team, the selections are tested in successive 
uniform nurseries. These include confirmations for dísease and insect 
resistance, and general adaptation at two altitudes in Colombia (ClA T, 
Palmira and CIAT, Popayan). At the thtrd level of the process the 
material is again further selected for the above characters, and 1'01" 

nitrogen fixation, water stress tolerance, low phosphorus tolerance. 
resistance to minor dísease, protein content, and cooking time. Yield 
performance is measured annually in 200-300 new advanced Unes in 
stressed and non-stressed conditions at three locations in Colombia. 
The results, containing more than 20 separate character evaluations, 
are publíshed. CIAT makes these Unes available as parental sources 
for national programs. Approximately 100 of the superior Unes per year 
enter the international yield testíng program (IBYAN). The IBYAN 
originally contained only germplasm bank selections, but now is composed 
principally of CIAT-bred tines and entries submítted by national institu-
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tiens. As the capability to undertake breeding ard selectton activities 
increases among national programs, their entries will assume a more 
signíficant place in this programo Currently, over 150 IBYAN trials 
(or seta) are shipped each year, providing ímproved germplasm to aH 
bean producing countries in Latín Ameríca, the Caribbean, and other 
regions of the WOrld. 

In 1975-76 the Bean Program estabtished a time frame which it hoped to 
follow in achieving baan yield increases in Latín America. These pro­
jecUons were contained in a Bean Program positíon papero To date 
resulta have been consístently batter than predicted. Some selected 
highlíghta are given below. 

a) AH lines leaving the second stage of evaluation are now resistant 
to BCMV. 

b) Improved germplasm having multiple disease resistance le now 
being distributed for internatíonal testing. Lines reeistant to a.11 
known racas of anthracnose have been identified. 

c) Germplasm has been identified with tolerance to drought, extreme 
temperaturas, all major diseasas and pesta, high Al, low soil P, 
and with maturity differencee appropriate for different production 
systems. 

d) Yield levels of small, non-black seeded experimental tines have 
been significantly improved. They now equal or surpass that of 
the initially (1976-77) superior, black-seeded germplasm. 

e) Lines developed cotlaboratively in Guatemala for tolerance to 
BGM\/ out-yielded leading commercial varieties under heavy 
disease pressure, even when the susceptible local tines received 
heavy insecticlde applications. Yields in the resistant tines were 
further increased with chemical protection. 

f) Currently, over 20 lines originating from CIAT cotlaboratfon with 
national breeding programe are undergoing varietal evaluation in 
farm level testing or seed multipl ication in national programs in 
Latín America and the Caribbean. Disease resistant tines have 
already be en released in several countries. In Cuba, an estimated 
5000 ha has been planted to multiply such improved germplasm 
while in Bolivia, 1000 ha are devoted to this purpose. 

g) While emphasis has been placed on varietal improvement, the 
opportunity to improve agronomic practices has not been ignored. 
In farm level testing in COlombia, improved agronomy has 
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íncreased farm yields by 50 to 100~. A low cost, non-toxic, farm 
level storage technology has also been adapted to beans. Diffusion 
of this technology has commenced in Colombia. 

Such progress has only besn possible as a result of the intensive training 
programs mounted at CIAT, and through the interest and collaboration of 
national program scíentists. As of 1980, more than 360 national program 
scientists have received postgraduate training at CIAT, mainly in the 
form of bean production short-courses, 01" intensive discipline-oriented 
training. Availabllity of improved germplasm and high leve! training 
has resulted in increased support to bean research in national programs. 

5.2.5 International Cooperation Strategy in Beans 

National bean research programs have reached varying stages of develop­
ment during the decade of the seventies. The situation in beans 1S some­
what more favorable, since in al! countries where beans are important 
there has been sorne attention given to research. Most national agencies 
have a research staff working on beans, most of them having received 
training at CIAT. An active network of collaborators has been establish­
ed. Further selective strengthening through training, consultative visits, 
and al! of the other activities in the field of international cooperatíon will 
be continued through the eighties. The ultimate aim is to help move aH 
country programs ¡nto a situatien where they can become full and equal 
partners in the network. CIAT can then gradually adopt a research back­
stopping role. The role at which this progress occurs in any one country 
will vary consíderably and some attrition is to be expected. 

5.2.6 Program Research and Core Staffing in the Eighties 

As suggested by Fig. 5.2 the 1980s will see progressive changes in prior­
itíes in the Program's breeding activities. However, tittle change in 
overall Program staffing levels are anticipated. Currently, al! breeding 
lines leaving CIAT are resistance to BCMV, and various sources of 
resistance to anthracnose are available and can rapidly be incorporated 
into breeding lines. This will permit greater attention in the short term 
to other diseases, including rust, angular leaf spot and web blight, for 
which various races of the pathogen have been· identified, and for which 
no single line is líkely to be resistant over aH locations. This emphasis, 
plus the need for additional work on common bacterial blight and halo 
blight disease control strategies wiH require the addition of a second 
pathologist (bacteriologist) to the team. This position is projected to 
commence in 1982. As the disease breeding goals are realized, a ruduC­
tion in the disease breeding emphasis of the Program should be possible 
with an increased emphasis en integrated disease control strategíes to­
ward the end of the decade. 
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Relative emphasis in the decade of the eighties in the Sean Program on 
various aspects of technology development as reflected in the proportion of 
crasses to be carried out in the breeding program in relation to general 
constraint areas. 

1980 1990 
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Substantial variation in plant architecture and yield components has be en 
obtained in the breeding and germplasm lines evaluated since 1976. Plant 
characteristics associated with higher yield are being sought and, once 
obtained, should permit development of lines possessing both improved 
yields and multiple disease resistance. The increasing emphasis to be 
given to bean plant architecture and yield is reflected in Fig. 5.2. A 
new initiative towards incorporation of snap bean characters into particular 
elite lines will be undertaken during the decade. 

With the price of most fertil izers rising rapidly, and with credit for small 
farmers a limiting factor in purchased inputs, the elite lines of the future 
will need to be tolerant to a number of soil constraints. While such 
constraints will not operate in all production regions, the Program will 
need to develop--for regions su eh as Srazil and Venezuela--varieties 
with tolerance to moderate soil acidity, low soil P, and with increased 
capacity for nitrogen fixation. The incorporation of these traits into 
agronomically acceptable cultivars will require closer collaboration 
between breeders, agronomist and soil microbiologist, as well as innova­
tive breeding methodologies. 

Obviously, the increasing capability of national bean programs will influ­
ence the scope and direction of CIAT' s home-based research. Training 
and network activities have helped to build several strong national bean 
programs fully capable of developing their own varieties, in relation to 
which CIAT should increasingly assume a backstopping role, providing 
these programs principally with specific genetic variability for their 
improvement programs, postgraduate training opportunities, and documen­
tation. This would permit more detailed assistance to the smaller pro­
grams with breeders, agronomists and pathologists increasingly involved 
in the evaluation of collaborative local breeding nurseries to exploit specific 
adaptation, and overcome nutritional or consumer acceptance problems. 
Despite these tendencies to improve cultivars by, or in collaboration with, 
national programs, the Sean Program expects to continue producing some 
finished varieties throughout the eighties. This is necessary since it is 
expected that some national programs will not have reached a state of 
self-sufficiency in research. 

As the Program continues to evolve, the bean germplasm bank will 
constantly be in use as a source for new variability. New collections 
will be made during the eighties to add genetic variability from regions 
which currently are poorly represented or in which specific desired 
variability is most likely presento The newly formed Seed Unit of CIAT 
is expected to help in the formation of a strong seed industry in Latin 
America to promote and make available newly developed germplasm. 
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5.2.7 Regional Cooperation 

The 8ean Program policy of ín-depth evaluation of its germplasm, aided 
by similarity of the production conditions and constraints among tts 
target area countries, has ensured that CIAT-derived materíals are 
generaHy well adapted to other production regions. For this reason, it 
is not anticipated that it wHl be necessary to deploy research staff away 
from the CIAT base in Colombia. Regíon-specific problems such as 
8CMV ín Central America and 8razil, the Apion podweevil in Central 
America, and bean fly and halo blight in Africa wtU be worked on in 
collaboration with national programs and, hopefully, with the support of 
the recently formed Title XII 8ean Cowpea CRSP within U.S. universlties. 

The 8ean Program projects the location of outposted regional cooperation 
staff to facilitate the transfer of new technology and for CIAT/national 
program interaction in three regions of Latin Ame rica , Africa, and the 
Míddle East. 

5.2.7.1 Central America. This region, with its numerous smaH national 
bean programs and high per capita bean consumption, will probably continue 
to rely on the CIAT program during this decade. Transfer of germplasm 
and technology from CIAT, and between national programs, can bes be 
served by stationing one scientist in the regíon. Thís posítíon has been 
funded since 1977 via spectal funding, and twice has come close to inter­
ruption due to funding uncertainties. One outposted regional cooperation 
position is projected for 1984 at the termination of the exísting Swiss­
funded project. 

5.2.7.2 8razil. With 55% of Latín American bean production in 8razil, 
and a strong national program, a closer collaboration between both re­
search programs wil! be developed to ensure two-way technology flow. 
Collaborative development of technology that overcomes constraints to 
soil Al toxicity and low P in ímportant bean production zones in 8razil, 
will be emphasized. An outposted research scientist located in Brazil 
is projected for 1984 who will work with Brazilian scientists as part of 
the national bean activities, and also act in a liaison capacity with CIAT. 

5.2.7.3 Southern Andean Zone. The Andean Zone ls an important bean 
consuming zone, with production concentrated on small farms, often in 
higher elevations. Although production systems vary, climbing beans 
are important, with little previous research done in the regíon. There 
exists a great opportunity for the 8ean Program to develop new technology 
in collaboration with these national programs in both bush and climbing 
beans. One outposted regional position is projected in the plan ror 1986 
for the Andean Zone, and will probably be lacated in Peru, but with 
responsibilities for developing collaboration in al! of the countries in 
that sub-region, including Ecuador, 8olivia, Chile and Argentina. 
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5.2.7.4 Eastern Africa. Eastern Africa is the second largest tropical 
bean production region, with per capita legume consumption much higher 
than in Latín America (in some countries over 50 kg per year). ClAT 
materíals in the ISYAN program have proved to be well adapted to African 
conditions and the possibility exists for major gains from Iimited inputs, 
despite the distance involved, and existing germplasm quarantine constraints. 
CIAT projects one outposted regional cooperation scíentist for this regían. 
Specíal project funding wHl be sought to support the initial phase of this 
actívity. to be followed by core-funded support starting in 1983. The 
scientist will be primarily responsible for the network collaboration, 
training, and regional coordínatíon of germplasm activity, and be expect-
ed to be the leader of a team, which would be located in the region under 
special project funding, probably in collaboratíon wíth FAO/UNOP. 

5.2.7.5 Mídclle East. Additianal regional cooperation activities wUI need 
to be developed for the Middle East in the decade, and one position 1s 
projected for 1986. 

5.2.7.6 Bilateral Arrangements. The Sean Program will continue to 
use special bilateral fundíng as an instn.Jment to cooperate more closely 
with individual national programs. At the present time one such scíentist 
is in place in Peru. 

5.3 Ríce Program 

Of the 116 mili ion hectares of cultivated land in Latín America and the 
Caribbean, rice is grown on 6.5% of the area. Rice is one of the most 
universally cultivated cereal crops of the regíon. The ímportance of the 
erop as a basic food staple has been inereasing over the past 15 years. In 
some eountries of the region, this tendency has been somewhet related to 
an apparent decline in per eapita direct consumption of maize. 

The area planted has increased at an annual rate of 2.4 percent, and produc­
tion at 3.3 percent. These growth rates have kept pace with increase in 
population and income, which resulted in a yearly increase in demand of 
3.5 percent. For the developing countries of the reglon as a whole, per 
capita consumption of rice has been relatively stable over the past 15 
years, although dramatic increases have taken place in so me countries. 
especially in Bolivia, Colombia, the Dominican Republic, Guatemala, 
Haiti, Paraguay and Uruguay. In these countries, growth rate of per 
capita consumption was greater than 2.5 percent per year. The aggregate 
figure for per capita consumption of paddy rice was 44 kg/capita in 1976-
1978. 

The increase in consumption has been largely satísfted within the region. 
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Net regional imports have remained at around 150,000 tons per year. 
Intra-regional trade has increased to a level of 320 thousand tons per 
year, 36% larger than the level in 1963-65. Based on the current 
growth rate of demand of 3.5% per year rice production in Latín America 
must be doubled by the year 2000 in order to satísfy internaI demand at 
current relative price levela. 

In order to achieve a doubling of production over the next 20 years, it 
is clear that research must be strengthened and strongly focused on the 
principIe constraints. CIAT, in collaboration with national agencies in 
the region, has made a significant contribution to the advances already 
achieved. 

The CIAT Rice Program is basically a regioral program for the Western 
Hemisphere. It collaborates closely with IRRI in the world-wide program 
of rice research. Research on the principie regional constraints is 
encouraged thrOUgh an active network of rice researchers which has as 
its main focal point for collaboration the International Rice Testing 
Program (IRTP) coordinated by an IRRI scientist located with the CIAT 
rice team. 

The estimated area of rice sown in the region in 1978 was 7.4 million 
ha with a total production of about 15 million tons of paddy rice. About 
two-thirds of the production growth came from an increase in area 
(mainly in the upland sector) and the remainder from increases in yield 
(mainly in the irrtgated sector). 

These overall trends do not accurately reflect the situation in particular 
countrtes or with particular production systems. Some countrtes are 
experiencing accelerated growth in productior and productivity, while 
other are making very Httle progress. This disparity is fundamentally 
a functior of the predominant farming system in each country • 

5.3 . 1 F arming Systems and Constra ints 

A number of quite distinct rice farming systems exist in the regíon, each 
with its own actual and potential level of productivity. Rice production 
is frequently, andsomewhatmisleadingly, dívided into two main systems, 
namely irrigated and upland. In 1978, irrigated rice was est1mated to 
comprise 2.1 mHllen ha, or about 28% of the total area, with an average 
yield of 3.5 tjha. Upland rice, Le., al! nor-irrigated rice, covered 5.3 
million ha, about 72% of the area. with an average productivity of 1 .3 t/ha. 
This statistical division obscuras, to some extent, the actual productivity 
of each farming system and its potential productivity through research on 
specific yield constraints. 
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Identifícatíon and classification of too areas of production in Latin 
America,wíthín the CIAT project On agroecosystem analysis has already 
begun but considerable data collection and collation is still necessary. 
At this stage a series of cropping systems have been identífied which 
more fully outline the types of conditions which exist rather than to 
adopt the oversimplífied irrigated versus upland classification. An 
evaluation of the relative importance of the various systems with respect 
to total production cOl"1tribution wiU have to wait until the data from the 
agroecosystem analysis for rice ís available. 

In thís classification of systems the most important subdívísíon refers 
to the breakdown within too upland sector. The vast areas of upland 
rice in Brazil and otOOr countries cover a wíde spectrum of climatic 
and so11 condi tions. Important distinctions must be made in this system 
since the chances for substantial productíon ímprovement through 
research are entírely dependenton the envíronmental conditior:lS which prevaU. 

5.3.1 .1 Highly favored upland rice. This sytem is general1y confinad 
to areas with level topography, wíth over 2000 mm of mean annual rain­
fall during a rainy season of 8-9 months. There are normally no marked 
dry periods during the rainy season. Soils are gene rally alluvial, slight­
ly to moderately acid, and well drained. Modern dwarf varieties and 
agronomtc practices are suitable, and yields average around 2.5 t/ha. 
with better farms consistently producing 4-5 t/ha. Too system ia t;ypical­
ly found in parts of Central America. Colombia and in sorne areas in 
Brazil. The actual present contribution to area and production statistics 
from this system is low, but there is a very large area of unexploíted 
land resources in the regíon ínto which this system could move. 

The system has the major yield constraints: grassy weeds after two 01" 

three cycles, too blast disease (Pyricularia oryzae), and lodging. A 
variety recently released in Colombia and in other countries, CiCA 8, 
(developed in a collaboratíve program between ICA and CIAT), ís the 
most productive presently available varíety for the system in a number 
of countries. 

5.3.1.2. Moderately favored upland rice. Most of Central Ameríca and 
a large proportion of sub-Amazonian Brazil employ this system, which 
differs from the preceding one in having a shorter wet season, with less 
overall rainfall, and normally with some dry spel1s duríng the growíng 
season. Dwarf varíeties are usad in Central America while tall materíals 
are used in Brazil. Yields in the two areas average around :2.0 and 1 .5 
t/ha, respectively. Yield varíance around these averages is high due 
to rainfall írregularity. 
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The chief constraints consist of several ínterrelated factors triggered by 
míld to moderate water deficits, including soU mineral deficiencias 
(particularly phosphorus), diseases cparticularly blast), and weeds. 

5.3.1.3 Unfavored upland rice. This system is characterizad by environ­
ments with irregular and low total rainfall. The system is highly mechanízed, 
wíth low planting densittes, and the varietíes utilized are aH tall material s . 
The system is partícularly important in Brazil where a large proportíon 
of the 4.7 million ha in 1978 fell into this category. yields are gene rally 
low (on the order of 1 t/ha) and yield variance is extremely hígh from 
year to year and fram locatian to location in the same year. The soils 
utilized in Brazil are mostly highly acid, wíth relatively high levels of 
alumínum toxicíty for rice, particularly in the subsoíl, even though 
surface líming is practiced. 

The main canstraint in the system is the problem of water deficits induced 
by dry spells during the wet season, whích is compounded by the paor 
root development in the subsoil associated with alumínum toxicity. Blast 
is alsa more severe in the unfavored systems, and this seems also to 
interact with the degree of water deficits experienced. Phosphorus 
deficiency in most soits is a serious overall constraint, but, at least 
in the Brazilian case, fertilizer levels are gene rally adequate given the 
limitations imposed by the other constraints, 

5.3.1,4 Rainfed lowland rice. This system is intermediate between 
irrtgated and upland. Rainwater is trapped and held by field levees. 
Nevertheless, water deficits and/or deep flooding are common. Dwarf 
varieties are grown in certain areas where the water control procedures 
are adequate, but tall varieties generaHy predominate. The crop may 
be transplanted or di rectly seeded, and purchased inputs are few. Rainfed 
rice is important in coastal Ecuador, on the northern coast of Colombia, 
and on the island of Hispaniala. The total regional importance of the 
system ts low. Average yields are of the arder of 2.0 - 2.2 tlha. 

Apart fram the more general constraints common to al! systems the 
main problem in this system is that of haphazard water control. This 
situation forces farmers into using tal! varieties and, due to the risks 
invalved, low levels of purchased inputs. 

5.3.1.5 Irrigated rice. lrrigated rice covers 28% of the total area sown 
in 1978 and contributed 50% of the total regional production. The system 
is found in aH countries but predominates in Cuba, Nicaragua, COlombia, 
Peru, Venezuela, Guyana, Surinam, southern Brazil and the countries 
of the Southern Cone. Average national yields range from 3 to over 5 
t/ha. The system continues to hold a comparative advantage in maintain­
ing and further increasing natianal yields and stability of supply. This 
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situabon applies to many new production a .... eas being developed, particular­
ly in northern Brazil. Inc .... easing production costs are startíng to divert 
farmers to alternative systems in many count .... ies. 

The important region-wide const .... aínts include rice blast, straw st .... engthl 
lodgíng, and, in some countries, problems associated with provísion of 
materíals with suítable grain quality. Although some countries lag ín 
average yields, infrastructure problems in applying existing technology 
are more limiting than the technology itself. In the Southern Cone, where 
tall varieties a .... e still grown, the problem of developing dwarf materíals 
with sufficient cold tolerance remains to be surmounted. In addítion, 
this area has particularly stringent grain qual ity requirements for the 
export market. In Chile, where the crop ts entirely of the Japonica 
type, the bastc constraint is lack of high ytelding varieties. 

5.3.2 Objectives of the Rice Program in the EighUes 

As already indicated, the Rice Program is focused only on the problems 
of rice in the Western Hemisphere and, as such, has designed the program 
to focus on the principIe constraints in the regíon. The Program wíll 
continue this focus over the next decade. The following points deHneate 
these objectives. 

a) To continue to develop, ín collaboration with natíonal rice institutions 
in the region, germplasm-based technology designed to overcome 
the principie constraints to increased production in the irrigated 
sector. 

b) To develop, through a new initiative and in collaborative .... esearch 
with national institutions, new germplasm-based technology to im­
prove productivity and stability of supply in the mOre favored up­
land rice environments of the regíon. 

C) To continue active collaboration with IRRI ín rice research, with 
particular emphasis on the International Rice Testing Program (IRTP). 

d) To continue to help in strengthening the national rice research pro­
grams in the regíon through training, consultative visits, and in 
further supporting the active netwo .... k of rice researchers which has 
been estabtished over the decade of the seventies. 

5 .3.3 Research Strategy 

The basic strategy of the Rice Program since its inception in 1969 to date 
has been the improvement of pr'Oductivity and production in the irrigated 
sector in the regíon. This strategy was adopted for the following reasons. 
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a) Irrigated rice oITered the greatest scope for rapid gains in yield 
and production; 

b) The technology for irrigated rice was more easny generated and 
extended than in other productien systems; and 

c) Limited core resources did not permit a systematic attack on all 
of the alternate production systems. 

The research on irrigated rice has focused en varietal improvement 
as the key element in the strategy. Tall varieties covered the entire 
area prior to 1968 when IR 8 was introduced. An immediate increase 
in productivity of 2 t/ha confirmed the strategy to work exclusively en 
dwarf materíals for this system. The focus has been on varieties com­
bining dwarfing, strong stems, insensítivity to photoperiod, long grain 
with clear endosperm, rasistance to the Sogatodes leaf hopper, and 
resistance to blast disease. More recently, varietal objectives have 
included earlíness and improved adaptability to actd soHs. 

Once improved dwarf 1 ines and varieties were produced, research was 
extended to define appropriate cultural practices for the high yielding 
varteties. Seedíng rates and methods, fertn izer practices, and timing 
of weed control were emphasized. CIAT involvement in this research 
was necessary since the marked change in yield potential implted a 
rapid re-evaluation of associated agronomic practices. Improvement 
of varieties and cultural practicas have continued, wtth emphasis in 
recent years on reduction in production costs through combinations of 
land preparation by puddling, reduced seed and fertilizer ratas, and 
enhanced disease and pest resistance. Collaborative research with the 
International Fertilizer Development Center (IFDC) on ímproving the 
use of nitrogen fertilizer efficiency has recently been initiated, since 
nitrogen prices are one of the chief factors contributing to higher 
production costs in the trrigated sector. 

The unexpected adoptiton of the newer dwarf varieties in recent years 
in the highly and moderately favored upland systems atlowed the Program 
to modify its original strategy. Entries for nurseries and regional yield 
trials, especially for the two upland systems, are selected from the 
advanced irrigated breeding Unes and distributed internationally for 
continued local selection and evaluation by national prograrns. The Pro­
gram has concentrated on the two principal biological constraints in 
virtual1yall systems, namely Sogatodes, and rice blast. Thus. CIAT 
has contributed direcUy to upland systems whíle focusing on irrigated 
varietal development. 

CIAT has planned, and has now been approved, to expand activitíes in 
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upland rice. A fuH description oF the proposals for CIAT direct involve­
ment in this sector are contained in a specíal report1 prepared for a TAC 
Subcommittee. 

In defining the strategies to be adopted over the next decade for the various 
production systems, different approaches are evident. The fotlowing 
strategies for each farming system have been developed. 

5. (3. (3.1 Highly favored upland rice. The varietal component of the 
technology required for an expansion of this system in the regíon can be 
largely satisfied through selection of Unes from the existing breeding 
program. Selections combining slow blasting type resistance to Pyricu­
[aria and clear grain endosperm wiH be evaluated in representative sitas 
in collaboration with national programs in the Plochic Valley of Guate­
mala (ICTA) and in Urabá and La Libertad of Colombia (with ICA). Evalua­
tion of direct seeding in combination with herbicides will be undertaken 
jointly with ICA and the Colombian Rice Federation in order to develop 
agronomic practices with wider appHcability. CIAT will emphasize 
this sector because of its production potential and low production costs. 

5.3.3.2 Moderately favored upland rice. The varietal component for 
the areas under the system wiU raquire a specíal research effort due 
to the more severe natura of the constraints. A collaboraUve program 
in Brazil andjor other countries is desired in arder to provide an op­
portunity for screening and selection under the actual production conditions. 
This type of program would allow two generations ayear of breeding 
material to be screened (e. g., From April to September in Colombia, and 
from November to March in Brazil). An exchange of segregating and 
advanced tines by collaborating programs would thus halve the time re­
quire to bread new materials. Research in mutation breeding at CIAT 
has already indicated that dwarf línes can be produced in the M1 genera­
tion produced from tall materiaIs, with some adaptation features for the 
soil and clímatic constraints in this sector. Early generation selection 
will also continue in Guatemala, Costa Rica, and Panama, in collaboration 
with national institutions. 

5.3.3.3 Unfavored upland rice. Severe drought stress, combined with 
acid soU problems, is not found in Colombia, and CIAT has no compara­
tive advantage for direct involvement in this system. The Brazilian na­
tional program will continue to direct substantial rasources to these 

1 Upland Rice Research for Latín America, A Report to the TAC Sub­
committee on Upland Rice. ClAT, December, 1979. 
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díffícult problems. CIAT wil1 collaborate through the provisíon of ma­
teríals with slow blastíng characteristics and shortened mutant versíons 
of acid soil and drought tolerant materíals. Obvíously. any gains made 
for the more favored areas wilt have some application in the less 
favored system. 

5.3.3.4 Rainfed lowland rice. Water control, the limiting productíon 
factor, must be improved locally at regional, communít;y and farm level. 
The potentíal contributíon from civil engineering far exceeds that of 
research on other components of the system. As ímproved water control 
is achíeved in thís system then further use can be made of existlng tech­
nology from the írrigated sector. CIAT involvement will continue through 
the provision of improved germplasm. 

5.3.3.5 Irrigated rice. Thís system will continue to receive major 
attention. Stable resistance to blast can be expected to increase regional 
yields by 0.5 t/ha, and a similar gain is expected from even better dwarf 
plant types wíth improved lodgíng resistance. Introduction and evaluation 
of Korean Japoníca dwarfs to Chile could have a dramatic effect on 
production in that country. With the projected placement of an outposted 
scíentist in a Southern Con e country, CIAT wíll be able to better con­
tribute to the development of cold-tolerant dwarfs for those environments. 

5.3.3.6 New production system research. The vast savanna (Llanos) 
of Colombia, Venezuela and elsewhere receive high rainfall, but the sons 
are extremely acid and infertile. The CIAT Tropical Pasture Program 
is developíng pasture anímal components for a stable production system 
for this vast area of underutil ized lands. Al though no rice is produced 
on these lands there is a clear need for a crop component in the pasture 
system to facilitate land preparabon for pasture establishment. As in 
Brazil, upland rice could become a ploneer crops enabling an economical­
ly sound development of the Llanos area. A mínimum input upland rice 
system built around acid soU and blast-tolerant cultivars using minimum 
tillage techniques la a researchable possib il it;y. To thtsend mutant 
dwarfs of upland land races and tall materials known to be tolerant of 
aluminum toxícit;y will be evaluated for yield potential with a target yíeld 
of the order of 2. Oto 2.5 t/ha. Agronomic evaluatíon of tillage techniques 
including sod seeding wíll be ínvestigated at the Carimagua Station. Em­
phasis will be placed on the integrabon of thía research with the on-going 
pasture research programo 

5.3.4 Accomplíshments of the Program 

The excellent early base of collaboration established by the CIAT Rice 
Program with ICA in Colombia has allowed the research to have a very 
rapid impact, and not only in Colombia. In additton. the strength of IRRI 
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has provided an extremely important component contributing te the successes 
achieved. In the cooperative program with CIAT, ICA has reteased seven 
dwarf varieties with high yield potential. Al! of these varieties are now 
grown internationally. Breeding lines from CIAT have resulted in an 
additional 25 to 30 dwarf varieties released by national programs in the 
regíon. These varieties, considered together, are now grown on about 
1.5 million ha annually in the írrigated, highly favored and moderately 
favored upland sectors. The introduction of these new varieties, together 
with improved cultural practices, have been associated with one to two 
tons of additional rice per hectare. 

The surge in production in countries with these farming systems has 
equalled 01" exceeded population growth, and nearly al! countries have 
reached effective self-sufficiency. Rice consumption continues to in­
crease as a result of rice having become cheaper in retation to alternative 
foods. A detai led analysis 1, of the impact of new rice technology in Colom­
bia has shown that the economíc benefits of the large production gains heve 
largely captured by low income consumers. 

CIAT has provided professional training to a total of 211 rice researchers 
from 23 countries in the region in production agronomy, breeding and 
pathology. Consequently an effective regional network of cooperators 
exi sts for continuing interchange and evaluation of technology and informa­
tion. The Rice Program emphasizes regional activities, including IRTP 
nurseries, monitoring tours, production courses within countries, and 
biannual research worker conferences at CIAT. 

Factors that indicate continuing contributions include proven, high yield 
technology for irrigated and more favored upland systems, extensive 
land resources ideal for rice, and abundant water supplies. Research 
over the next decade should lead to a marked increase in productivity 
in rice in the regíon, particularly in those systems at the more favored 
end of the spectrum • 

5.3.5 Research Staffing Projections for the Eighties 

The rice team projects a core research team of six scientists as aclequate 
to address the production constraints in irrigated rice and in the altemative 
systems. These research problems are not entirely mutuaUy exclusive. 

1 Scobie, G.M. and R. Posada (1977). The impact of high yielding rice 
varieties in Latin America: With special emphasis on Colombia: CIA T 
series JE-Q1. April, 1977. 
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Some technology resulting from research on one system will be useful in 
others. Concentrated attention on the more favored systems will produce 
results useful in the most difficult farming systems, t .e., subsistence 
upland rice, unfavored upland rice and rainfed lowland rice. The predic­
tabHity of significant research contributions to these ¡atter systems is 
not high. The Rice Program wiU be alert to research findings having 
direct applicability te those systems. The six-man research team would 
comprise the following. 

5.3.5.1 Irrigated rice breeder. Based at CIAT, this breeder will continue 
and extend research on lodging resistance in dwarf varieties, the develop­
ment of early maturing varieties for water-scarce areas, stable resistance 
to the bl ast disease, and improved gra in qual i ty to satísfy market demands. 
Research will continue on the maintanance testing for Sogatodes resitance 
to ensure that the pest does not revert to an economically important 
constraints. Since the CIAT location is not ideal for evaluation under 
these constraints, selection will be intensified at ICA experiment stations 
and other areas in Colombia. Crossing, preliminary yield evaluation, 
Sogatodes evaluation, and other supporting research will continue at CIAT. 

5.3.5.2 Upland rice breeder. This sclentist was appointed in 1981 to 
develop a breeding program concentrating on variatal davelopment for the 
favored to moderately favored systems. Emphasis will be placed On 
stable resistance to blast, and tolerance to acid sons (aluminum toxicity 
and phosphorous deficiency). Grain quality and Sogatodes resistance will 
be similar to that of the irrigated rice breeding program.· The work will 
include research on moderately tall to tall materials, as well as dwarfs. 
Selection and early generation yield evaluations wHI occur at La Libertad 
in Colombia and, possibly, in Brazil in collaboration with EMBRAPA. 

5.3.5.3 Rice agronomist. Agronomic research will continue in both 
the irrigated and upland systams. Shifts in production emphasis in 
irrigated areas to more marginal soils indicate a need to evaluate and 
research those problems of general applicability. In addítion, research 
on the general agronomíc problems in upland rice wUl begin as these 
become evident over the decade. Thís would ínclude evaluation of the 
agronomíc practices necessary for the new germplasm which could be 
of different plant type to the land races now being utilized. 

5.3.5.4 Upland rice prysiologist/agronomist. Upland research ís concern­
ed wíth many production constraints not found in irrigated rice. A major 
research effort wilt be mounted on screening methods for the evaluation 
of drought and acid soil tolerances. The physiologíst/agronomíst may 
atso assume leadership in the development of a low-cost production 
system for upland rice on infertile savanna solls. The position for phys­
iologist I agronomist is projected for 1983. 
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5.3.5.5 Rice pathologist. Pathology will continue to concentrate on the 
rice blast disease, specifically on methods to detect and evaluate slow 
blasting in distinct growth stages, and on methods to include required 
levels of disease pressure in populations and lines. Maintenance, research 
and monitoring will continue among the minor diseases to avoid situations 
that could elevate them to the level of economic constraints. 

5.3.5.6 Rice economist. The economist will help the other scientists 
of the team to sear'ch for the best allocation of the research resources 
among different rice cropping systems. He will evaluate rice production 
potential at the country level in tropical Latin America and the Caribbean. 
AIso conducted will be surveys of the main rice production areas, area 
planted, yield and production per cropping system (irrigated, rainfed, 
favored upland, and unfavored upland), stratified according to relevant 
environmental boundaries. The role of a CIAT-wide agroecological re­
search group which is proposed for the eighties in this plan will be impor­
tant in delineating existing and potential production areas and the environ­
mental constraints which apply to those areas. The economist will also 
evaluate the effect on prices and the potential gains from present and 
expected production increases by income strata in urban and rural areas. 
The international trade possibilities associated with expanded rice produc­
tion in selected countries wil! also be analyzed by considering domestic 
and international demand condi tions. The rice economics position is 
projected for 1982. 

5.3.5.7 IRTP special ist (IRRI liaison scientist). This scientist holds 
a crucial role within the rice team. His duties involve the selection, 
distribution and evaluation of germplasm nurseries from IRRI. Nurseries 
for distinct purposes are sent to all developing countries in the Western 
Hemisphere. Additional!y, special nurseries of elite CIAT breeding 
1 ines are distributed and evaluated with the scientist' s assistance. The 
position requires extensive international travel to promote national use 
of promising nursery materials, either as parents for crosses or as 
direct commercial varieties. The growing volume of nurseries and 
locations, couples with CIAT expansion into research in upland systems, 
make it doubtful that only one research scientist can continue to handle 
this responsibility. Since al! IRTP activities in the region are funded 
by IRRI, consultations as to the future expansion of the program wil! 
be held with that organization in the near future. 

5.3.6 Regional Cooperation 

International activities in rice have been handled largely through the 
IRTP scientist, international travel by all staff, and a heavy commit­

ment to training of national program workers at CIAT. This strategy 
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was reasonably satisfactory while the Program concentrated on irrigated 
rice, since, to a large extent, such technology sells itself. 

Nevertheless, weaknesses are apparent. National yields in irrigated 
rice decline with distance from Colombia. The reasons appear to be 
a mixture of technological deficiencies combined with local inadequacy 
of support to farmers (credit, seed, technical advice marketing, and so 
forth). The programmed expansion into upland rice wil1 soon create 
a new demand for CIAT services. Finally, sorne countries, Le., those 
in the Southern Cone, have not adopted HYV technology for several reasons, 
including specific production constraints not researchable at CrA T. FOr 
these reasons, a strong case is building for considerati.on of some out­
posted staff activity. CIAT projects the placement of one outposted 
regional scientist to be located in a southern Andean country with res pon­
sibi1ities for coordination of collaborative research with CIAT. This 
position is projected for 1984. 



5.4 Tropical Pastures Program 

The abundance of under-utílized land resources in tropical Latin America 
seems inconsistent with the existence of a large sector of small farm­
ers. In most countries, the coexistence of intensive farming, both 
large and smaH scale, and significant underutilized areas ls explained 
by a combination of two factors: (a) the low 01'" fragUe fertiUty status 
of the soils in the agricultural frontier, and (b) the low level of infra­
structure development in these areas. Given the available technology 
crop production is not profítable in these areas without sizeable sub­
sidies. This ls because productivity is low under the pOOl'" fertility 
condítions, and soíl amendments are not feasible due to hígh input and 
transportation costs. 

The tropical and subtropícal areas of America have nearly a biltion 
hectares of significant!y under-utilízed savannas and forests, 75% of 
which are occupied by acid and mfertile soils, (i.e., Oxiso!s and 
U!tisols). These areas have great agricultura! potential since they 
have abundant solar radiation with adequate rainfall and favorable 
temperature regimes for extended growing seasons. Topography 
and soil physical properties are also generally favorable. CIAT, 
through the Tropical Pastures Program, c1early recognizes this 
distinct and promising feature of tropical America. 

In order to contribute to the deve!opment of ecologically sound, stable, 
and productive systems for these tropical and subtropical areas, CIAT 
aims to contribute to the broadeníng of the resource base of Latín 
American agriculture through a low-cost/low-input approach basad on 
the selectíon of species most adapted to local edaphic conditions. The 
major efforts in this context are in tropical pastures, upland rice 
and cassava. Research strateg ies and projections for upland rice and 
cassava were presented in detail in the previous sections. In this 
chapter strategies and projections for the Tropical Pastures Program 
are outlined. 

5.4.1 Potential for Pastura Improvement 

The cattle population of tropical Latín Amaríca ís estimated at approx­
imately 190 mili (on head, 01" about 20% of the world total. Per cepita 
beef consumption in tropical Latín America (16 kg/year) is significant­
ly higher than in Africa and Asia, and about 2/3 that of Europe. 
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During the last 000 decades consistent íncreases ín production have 
been recorded in most countries of the regíon. However, production 
growth, with few exceptions, has lagged behind demand growth 1. .As 
a result, beef prices increased in real terms in most countries duríng 
the period. These price increases have seríous income distríbution 
ímplications, since the proportion of famíly income spent on beef ís 
extremely high among low-íncome urban consumers. 

A study conducted by CIAT
2 

using data from the Family Budget Survey 
of OOelve Latín American cítíes 3 showed that the towest íncome 
group (quartíle) ín these urban centers spents 6-18% of theír family 
income on beef, representing 10-25% of total food expendítures. A 
símilar situabon is encountered for milk and milk products, low 
íncome famílíes spend 4-12% of their income (01" beOOeen 7-19% of 
the food budget) on dairy products. These latter percentages are 
expected to be even hígher in rural areas. 

The extremely hígh income etasticíties estímated for the low-income 
quartiles in the OOelve cities (beOOeen 0.8 and 1.3 for beef, and 0.8 
and 1.6 for milk) are a clear índication of the strong preference among 
the urban pOOl" for these commodítíes. Hence, beef and milk should 
be considered staple foods and wage goOOs in tropical Latin America. 
However, as income increases ín the region, demand for beef and 
milk is expected to continue to increase faster than production there­
by resulting in further príce increases, with a consequent negative 
effect on both the diet and the íncome of the poor. 

1 CIAT, Latín America: Trend Highlíghts of CIAT Commoditíes, 
Internal Document Econ. 1.5, April 1980. 

2 Rubinsteín and Nores, "Beef Expendítures by Income Strata in 
Twelve Cítíes of Latin Ameríca", CIAT, Internal Document, 
Mimeo, June 1979. 

3 Survey conducted by ECIEL, Brookíngs lnstitute, and also by 
FIPE, Uníversíty of Sao Pauto, during the perlod 1968-1972. 
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Such trends can be counterbalanced if appropriate livestock production 
technology is developed for the vast, unclerutilízed land areas exísting 
in the regíon. In fact, utilizlng these areas can contribute to solution 
of the food problem in two ways: (a) by releasing more fertile land 
for crop production, and eb) by increasing beef (and eventually mllk) 
production in the regíon. Crop production, whích demands higher sot 1 
fertility levels and more social inFrastructure than pasture production, 
could expancl in more-developed areas having high base-status soils 
wíth les s competition from caUle iF under-utilízed areas were· in pas­
tures. At the same time, cattle production could expand with HUle 
or no opportunity cost into these areas, thereby accruing sizeable net 
benefits to society. 

The potential of these areas fur cattle productíon Is extremely hlgh. 
The current average stocklng rate in the acid savannas Is 0.12 anima\sl 
ha. Thls can potentlally be increased more than ten fold. In addition, 
beef production per animal/year could be more than doubled. These 
areas could aIso contribute slgnificantly to increased milk production. 
The common concept that dairy farms are highly specialized operations 
Is not quite valid in tropical Latín America. A large proportion of 
milk and dairy products consumed in the reglon comes from the milk­
ing of small and medium size beef herds, usually crosses of native 
("criollo") and zebu breeds. This type of duat-output productlon sys­
tem ls not onty founcl in the densely populated areas with fertile soils, 
but Is also frequently found in frontier areas wlth acld, infertile soOs. 

crAT's overall objectives In the Tropical Pastures Program are as 
follows: 

a) to allow for the economically and ecologically sound expan­
sion of the agricultural frontier in tropical Americaj 

b) to increase beef and milk production and productivityj and 

c) to release more fertile land in the mOre settled areas for 
expanded crop production. 

by developing, in collaboration with nationat programs, approprtate, 
pasture-based animal production technology fOr the acid, Infertile soH 
regions of tropical Latín America. Rather than attacking probtem of 
aCid, infertile soils by correcting soH deficiencies with large amounts 
of fertil izer, CIAT has adopted a low-cost/low -input approach based 
on the selectlon of grass and legume species adapted to those edaphic 
conditions • 
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The expected result of the program' s activities is the development of 
pasture production systems to provide adequate year-round forage 
quantity and quality, complemented by cost-effective animal manage­
ment and animal health practices. National research and extension 
institutions are both collaborators and clients; beef (and dual purpose) 
cattle producers are regarded as the users of the technology; while 
both producers and consumers are regarded as the principal beneficiar­
ies, since the final objective is to increase production and thereby 
lower relative prices of beef and milk in the region. 

5.4.2. Program History 

The present Tropical Pastures Program has evolved from an initial 
broad spectrum of disciplines related to animal production through 
three progressi ve stages. 

During the formative stage (1969-1974), the (then) Beef Production 
Systems Program emphasized the identification of problems and poten­
tial solutions in the areas of animal health, animal management, and 
cattle production systems. During this period a relatively small pro­
portion of program resources was devoted to pastures and forages, and 
most field research was conducted in Colombia. From the information 
collected during this initial period it became evident that the low cattle 
productivity in tropical Latin America was mainly due to extreme mal­
nutrition and nutrition-related diseases. Lack of good quality, year­
round forage was identified as the most common critical constraint to 
increased production. 

The stage was thus set for sharpening the focus of the (renamed) Beef 
Production Program. During the period between 1975 and 1977, the 
program concentrated more and more on the acid infertile savannas 
of Latin America. The program broadened the geographical scope of 
its activities to other countries while sharply narrowing its research 
focu:o by concentrating upon pasture research with the goal of remov­
ing the principal production constraints in the savanna ecosystem. 

Grazing experiments carried out in the Colombian Llanos documented 
the Iimited potential of the native savannas. It became evident that 
the !ow productivity and poor quality of most native species combined 
with the !ow fertility status oF the soils and varying degrees of sea­
sona! water stress were the most serious Iimitations and that this 
resulted in low animal production and high incidence of malnutrition 
and disease susceptibility. Overall productivity, both per unit area 
and per animal unit, was found to be extremely low. 

Striking improvements in herd performance on native savanna were 
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obtained with the use of appropriate mineral supplementation. The 
use of well-adapted exotic grasses such as Brachiaria decumbens re­
sulted in dramatic increases in carrying capacity and production per 
unit area. However, production per animal continued to be dissap­
pointing, especially in terms of reproductive performance of the breed­
ing herd. Protein supplementation was successful but not economically 
viable. 

Preliminary experimental results obtained during this periad with 
grass-Iegume pastures indicated clearly that if persistent associations 
could be found under low input conditions, they could provide an eco­
nomically att,·active solution to the problem. During 1978 the program 
consolidated along these lines. lts research structure was geared te 
obtain low-cost grass-legume associations for the acid soil savannas. 
To reflect lts new focus, the program was renamed the Tropical 
Pastures Program, in mid-1979. 

5.4.3 Area of Interest 

A survey of the regions of tropical Latin America with acid, infertile 
sotls was inltiated in 1978 to classify land resources in terms of 
climate, landscape, and soils in order to provide a geographically 
oriented economic perspective to the Program's area of interest and 
to serve as the basis for lts research strategy. Total wet season 
potential evapotranspiration (IWPE), a measure of energy available 
for plant growth during the wet season, was shown to previde a quan­
titative way to account for native vegetation distribution. An analysis 
of the survey data led, in 1979, to a subdivision of the area into five 
major agroecological zones. These five major ecosystems are shown 
in Figure 6.1 and are as follows: 

a) Tropical well-drained savannas 

a).1 "Llanos" type. This ecosystem is represented by the 
welt-drained savannas of Colombia, Venezuela, Guyana, 
and Surinam, and the savannas oF Roraima and Amapá 
in Brazil. 

a).2 "Cerrados" type. The primary area is the Brazilian 
Cerrado, and its extension into Paraguay and Bolivia. 

b) Tropical poorly drained savannas 

b).1 Regions. Representatlve areas Include the Beni and 
Bolivia, the Pantanal in Brazil, the Casanare regíon 
in Colombia, the Apure region in Venezuela, 
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b).2 ¡slands. Flooded savanna "islands" are found through­
out forest areas. 

e) Tropical forests 

e).1 Seasonal forests. Vast areas in the Amazon and 
Orinoeo basins in Brazil, Peru, Bolivia, Colombia, 
Venezuela, Guyana, Surinam, and in the Atlantie coast 
oF Central America are included. 

c).2 Rainforests. Areas in the upper Amazon basin of 
Ecuador, Colombia, Venezuela, northeast oF Peru and 
northwest of Brazil are included. 

This subdlvision of the Program's area oF tnterest helps to understand 
the difFerential response of germplasm observed across ecosystems. 
While preltminary results of regional trials gene rally indicate wide 
adaptabilíty of the most promising grass and legume germplasm, in 
many cases a distinct response to the difFerent ecosystems is stil1 
shown. These diFferences are partially due to the varying edaphic 
condittons but mainly due to climatic variations. In the case of legu­
mes, these diFFerenees are largely due to strong environmental inter­
actions with disease and pest incidence. Thus, germplasm should be 
tested in each of the Five ecosystems. Major emphasis has so far been 
placed on two well-drained savanna ecosystems ,through collaborative re­
search with ICA at Carimagua in the Colombian Llanos, and wtth 
EMBRAPA at the Cerrado Center near Brasilia, where three research 
staff were outposted in 1978. During 1979-1980, regional trials were 
establtshed in selected locations the remaining three ecosystems, to 
obtain a preltminary reading on the degree of adaptation oF a large num­
ber oF species to these distinct environments. However, major re­
search thrusts are yet to start in these three ecosystems. 

5.4.4 Advances in Research 

The program has a long record of profitable research which has re­
sulted in many advances. Majar accomplishments for tropical well­
drained savannas, the Llanos type in particular, are as follows: 

a) The identification through surveys of farms in the area of 
major farm constaints to cattle production in savanna eco­
systems and in depth characterization of cattle production 
systems in Colombia, Venezuela and Brazil Ca project par­
tíally funded by GTZ). 
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b) The identification of several genera and species as being well 
adapted to the condiUons of one or more ecosystems: 
Andropogon gayanus, Brachiaria spp., Stylosanthes spp., 
Desmodium ovaliFotium, Pueraria phaseoloides, Zornia spp., 
and Centrosema spp. 

e) The determination of nutrient requirements of the more 
promising aeeessions For the wetl-ctrained savannas. 

d) The development of simple, low cost pasture establishment 
methods adapted to savanna conditions. 

e) The definition of the potential productivity of a large number 
of pasture grazing alternatives in the Llanos ecosystem, 
starting with native pastures, with concurrent evaluations of 
planted grass pastures, and culminating in the current 
eyaluations of numerous grass-legume assoclations. Various 
grass-legume association in low-input control1ed grazing 
experiments have produeed annual Hyeweight gains per animal 
of 200 kg and aboye, while yieldíng more than 300 kg/ha. 

F) The identifieation and epidemiologieal assessment oF major 
eattle diseases in the area, and of their relative present 
importance. 

g) The ex-ante determination oF expected profitability of various 
pastures systems. 

h) Postgraduate training of 305 professionals from eollaborattng 
institutions of 22 countries in the region. 

i) The evaluation and subsequent release by Colombia and Brazil 
of a new grass cultivar derived from Andropogon gayanus 
CIA T 621, and the delivery of large amounts of baste seed 
to each country. 

Other aceompllshments of more general applicability aeross ecosystems 
are: 

j) The inventory of land resources in the area of interest, with 
edaphic, topographic, and eHmatie characterization of the 
region organized in a systematic and easily retrievable man­
ner. 

k) The development of a germplasm bank eonsisting of a total 
of 7200 aceessions with a htgh proportion of material inter-
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national1y coHected from acld soil areas. This germplasm 
pool is complemented by a parallel collection of Rhizobium 
from the same areas. 

1) The development of rapid screening techniques to determine 
toleranee of plants and rhizobia to soil acidity. 

m) The elaboration of an inventory of pasture insects and dis­
eases, by forage species and ecosystem, with an assess­
ment of eurrent relative importance. 

n) The inttial development of a collaborative Regional Trial 
Network for evaluation of germplasm in terms of adaptaUon, 
productivity and persistance throughout the area of interest. 

5.4.5 Teehnical Constraints 

In spite of these signiFicant advanees, major general eonstraints and 
region specific constraints must be overcome in order to achieve wide 
adaptability of results throughout so heterogeneous an area. 

The savanna ecosystems in the program's area of interest are aH 
characterized by native vegetation of very low nutritive value -the major 
limitation to increased animal productton. The low feeding value of 
forages is due to a eombination of species of low primary productivity 
and quality. and the extreme acidity and low fertility status of the 
soils. Throughout the area, pH varies between 3.6 and 5.0. Aluminum 
saturation is high, oFten reaehing values between 70 and 90 percent. 
Available phosphorus levels are very low, usuaHy below 3 ppm. Rather 
than overeoming this eonstraint through heavy applieations of lime and 
fertilizer, the program has adopted the approaeh oF seleeting adapted 
speeies. 

Lack oF infrastructure is a common constraint that varies in severity 
and depends upon topography and distanee to market. Economic eon­
ditions (on-farm input and output prices, and aceess to eredit and 
exrension meehanisms) vary from eountry to country and with distanca 
to market. The machinery requirements and high present cost of 
pasture establishment and maintenance, plus e ros ion hazards during 
the establishment phase, are serious constraints to the adoption of 
new pasture systems. 

Sinee all of these constratnts are somewhat common to the five eco­
systems, the t~chnical solutions to the overall nutritional constraínts 
must be low-costjlow-tnput,and suitabte for a wide range of manage­
ment levels. The variability observad in existlng production systems 
within and across ecosysrems and the need to develop alternatives for 
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colonization programs suggest that various pasture systems are needed 
as alternatives. This will allow farmers ta adopt thase pasture solu­
tíans that best suit their particular situation in terms of relative inputl 
output prices and access to resources, including type of land. 

Omer critical constraints vary from regían to region. Water stress 
is critical in the Cerrado type savannas but is of slightly lesser 
tmportance in the Llanos type, whtle the problem in the poorly drained 
savannas is excess water. Therefore, lack of goOO qualíty forage is 
the major constraint in me well-drained savannas during the dry season, 
while in the poorly drained savannas, forage avaHability is the major 
constratnt during the wet season. 

The success 01" faílure, in terms of persistence and productivity, of 
species adapted te the physicaI environment often depends on their 
reactíon to diseases and insects. Most promistng forage legume 
genera (e.g., StyIosanthes, Zornia, Centrosema and Aeschynomene) 
are natives of the Latin American tropics and of wide natural distri­
bution. Hence, disease and insect pests which affect these forage 
legumes are also widely distributed in the program's area of interest. 
Clear evidence of differenttal geographical distribution of several 
important diseases and insects, and of differential dtsease and pest 
tolerance wi thin species, is available from the disease and tnsect 
surveys and preliminary results from regional trials. These results 
suggest the need for multilocational screening of a bread range of 
germplasm within promising spectes and genera for which critical dts­
ease 01'" insect problems have been identifted and al so suggest the need 
for introduction of exotic materials. A rigorous selection program by 
ecosystem !s thus essential to overcome this major constraint. 

5.4.6 Program Objectives, Organization and Research Strategy 

Simply stated, the main objective of the Tropical Pastures Program 
is to develop low-cost/low~input pasture technology to increase beeF 
(and mt1k) prOOuction in the acid infertile soils of tropical America. 
The strategy te achieve this objective is based ~n: 

a) selection of pasture germplasm adapted to environmental 
constratnts (cHmate and soils) as well as pests and diseases; 

b) development of persistent and productive pastures, and 
basic practices for its utilization and management; and 

e) study of the role of the improved pastures in the preduc­
Han systems and development of the complementary animal 
management and animal hea1th systems components. 
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The tropical pastures research team is comprised of 20 senior sci­
entists, the majorlty of whom (15) are based at headquarters, while 
two are based at Carimagua, and three are outposted at CPAC Brasilia. 
The scientists interact within and between three functional groupings: 

Germplasm development (coHecHon, selection and breeding) and 
evaluation includes agronomists and breeders basicalty involved 
in collection and agronomtc evaluation, and support specialists in 
the areas of soi! microbiology, pathology, and entomology(total­
Iing 9 senior sclentists). 

Pasture evaluation and development includes agronomists and 
plant and animal nutritionists with activiUes in regional trials, 
soil fe rti1ity, pasture establishment and maintenance, seed produc­
tion, pasture evaluation under grazing, and pasture management 
(6 senior scienttsts). 

Pasture evaluation in production systems inc ludes animal scien­
tists, a veterinarian and an economist with activities in evalua­
tion of pastures in alternative cattle production systems, and 
related animal management and animal health practices (4 senior 
scientists). 

The activities of these three groups are Focused on a dynamic flow 
of germplasm and the development oF appropriate productlon technology 
for the most promising materials as shown in Figure 6.2. The basic 
strategy ts that of exploiting natural variability and adaptation of species 
to the vat'Íous ecosystems. The bastc research strategy consists of a 
logical sequence of germplasm screening and evaluation steps geared 
toward achteving the stated objectives. These steps, applied up to 
now only in the well-drained savanna ecosystems, are as follows: 

a) The collection and assembly of forage germplasm and 
Rhizobium banks based on geographically broad but eco­
system-speclfic criteria. Emphasis is placed upon legumes 
because of their inherent nitrogen fixing capacity and quality, 
especially during the dry season. 

b) A dynamic and extensive evaluation system whereby acces­
s!ons, often of agronomical1y unknown species, pass through 
a progressive series of character and performance assess­
ments. Characteristics sought include: tolerance to extreme 
soil acidity, high aluminum saturation and low base status; 
adaptation to low phosphorus soils; nitrogen fixation potential 
(in legumes); resistance to diseases and insects¡tolerance 
to burning and drought; vigor, productivity and good distribu­
tion of yield; seed producttonj ease of establishment and 
spreading; freedom from toxins and oestrogens; and high 
forage qualí ty. 
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e) The determination of m¡ntmum nutrient requirements for 
eaeh speeies and the development of low eost methods of 
establishment and maintenanee, as well as grazing manage­
ment strategies required For best pasture persistenee and 
animal produetivi ty. 

d) The estimation, for eaeh type of pasture (usually grass­
legume associatlons), of a profile of animal p .... oduetivity 
potential per unit area and per animal unit, with associated 
economie lnput!output values. 

e) The seleetion and formation of cultivars, eandidates for 
re leas e by national programs, and the productíon of bas le 
seed with development of produetion technologies to assure 
seed availabilíty. This includes the definition of seed produe­
tíon systems and determination of environmentat requirements 
for satisfacto .... y eommereial seed yields. 

In summary, initial emphasis is upon eollection, evaluation of growth 
patterns, and assessment of reaction to acid infertíle son eonditions. 
fol1owed by dete .... minatlon of reaction to diseases and insects w!thin 
each ecosystem, and finally, evaluation afte .... exposure to competition 
and grazing. Concurrent with the fo .... ward progress of th!s evaluation 
process there is a continuing reduetion in the number of aeeesslons 
utilized. While thousands of aceesslons enter the process, only a few 
will finally qualify as cultivars. 

As t11ustrated in Figure 6.3, ge .... mplasm accessions are classified in 
Five categories which reflect the degree of promise of accessions 
moving through the systematic screening and evaluation sequence. 
Periodieally experimental results are used to promete those accessions 
whtch meet desired requirements to a higher eategory where they will 
form the bas!s for planning for too next phase of the evaluation. The 
relative ranking oF accessions within species is done separately for 
each ecosystem. Requirements for progression to a hlgher category 
vary w\th the species, depending upon the principal limitations of the 
speeies. The Iimiting eonstraint of eaeh species is used as the promo­
tion criteria, e.g.: in Stylosanthes spp., resistance to anthracnose and 
stemborer; in Zornia spp., resistanee to Sphaceloma and seed produc­
tion capaeity; in----oes-n:;odium ovalifolium, tannin content and palatability; 
in Centrosema spp., acid son toleranee and tolerance to bacterial 
blight and Rhizoctonia. 

The germplasm bank (Category 1 accessions) is maintained at palmira 
as seed and/or single potted plants, and at Quilichao as spaced plants 
in the field. Activities in these locatíons emphasize identification, 



Nafional 
Programs 

- 108-

D 

llanos 

llanos 

Release of Cultivor! by 
Notional Instilutions 

Humid 
Tropics 

Humíd 
Tropics 

Humid 
Trop:cs 

Humid 

Identification aOO Initiol Germp~Io;s;m~~:;~ 
CIAT-Quiiichoo 

G ermplasm Bonk 

Collection 



- 109-

maintenance, mulUplication and initial characterization of materials. 
AH accessions (Category 1) are evaluated for adaptatlon to edaphic 
conditlons in introduction gardens at both Carimagua and Brasilia. 
Selectad accessions are also evaluated in preliminary Regional Trials 
(Type A) in the var[ous ecosystems. Category II accessions undergo 
agronomic evaluatlon at both Carimagua and Brasilia, and some of them 
are retested at addUional selected locations (Regional Trial, Type B). 

The bas!c strategy is lo exploit the vast natural variation existing with­
in and among species rather than to generate additlonal variability 
through plant breeding. Thus, plant breeding is used as a problem­
solving approach only after extensive germplasm evaluation has iden­
tified promis ing spectes and ecotypes, and there is a reasonable prob­
ability of incorporatlng a missing characteristic by genetic manipula­
tions. Within species subject to genetic improvement by plant breed­
ing, (e. g. Stylosanthes spp., Centrosema spp., Leucaena leucocephala) 
individually bred lines may be nominated lo different categoríes in the 
evaluatlon, but breedlng populatlons are handled independently of the 
germplasm bank. 

Selected accessions advanced to Category In status, are associated 
with grasses, and placed under heavy intermUtant grazing to assess 
pe rsistence, competitive ability, and dry matter productlvity. These 
evaluatlons are conducted at both Carimagua and Brasilia and are 
planned at some Regional Trials C locations. In addition specif!c 
grass-legume mixtures are grazed under different intensity and 
maturlty to determine relative palatability of associated species. In 
Category IV the objective ls lo evaluate the pasture in terms of 
potential animal productivity and determine tha appropriate grazing 
management of the pasture. Measuremenis are made of sward 
botanical compositíon trends over time, presentation yields, animal 
grazing preference, and spectes in vitro nutritlve value, in order to 
explain the recorded animal productivity (kg/ha/yr and kg/animaljyr). 
Finally, in Category V the objective is to complete a profile of 
species and vartetal evaluatlon, to obtain simple technological pack­
ages prtor to release of the cultivar by national programs, and to 
define the best pasture utilization under different production systems. 

5.4.7 Projected Developments in the '80s 

Projection for the decade are based on two factors, 

a) Progress made by the program loward the stated objecttves 
will result In relatively mOre emphasis on the advanced 
stages of pasture evaluation and outreach, and 
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b) Better knowledge of the area of interest and of germplasm 
performance wHl result in systematic organization of the 
Program's germplasm evaluatlon strategy within each major 
ecosystem. 

These two developments will lead to considerable changes in emphasis 
wlthin the overall pastures program but will result in only minor changes 
and addltion to the core research staff. Major changes are projected 
in the relative al10catian of staff time to principal activities and eco­
systems. While during the first half of the decade emphasts wtll be 
maintained in research activitíes, a gradual increase of outreach activ­
ities is planned during the second half of the decade, requiring almast 
one third of the staff time toward the end of the periodo Research 
emphasis will cantinue in the well-drained savanna ecosystems, but new 
research actlvitles wHl begin early in the decade in the poorly drained 
savannas and in the hum id trapícs (Figure 6.4A). 

6.1.6.1 Evoluation of emphasis withln the research program: Alloca­
tion of staff time to germplasm development and evaluatíon will be 
maíntained during the flrst half of the decade, but ít is expected to 
decl!ne during the second half as promising germplasm is upgraded 
in status (Figure 6.4B). AIso, consístent wtth the advancement of 
germplasm status, more staff time will be devoted to pasture develop­
ment and evaluation in both controlled experimente and actual produc­
tion systems. 

Germplasm development and evaluation.- Exploitíng natural variab­
illty win continue to be the basic strategy of the programo Therefore 
germplasm cotlection wHI playa critical role throughout the periodo 
In order to increase cost effectiveness of the overall program, 
emphasis in collection will lncrease during the first half of the decade 
but is expected to decline toward the end of the decade as key species 
are ldentifled and the program's collectlon needs become more eco­
system- and target-s"lecific (Figure 6.4C). As the promising key 
species are Identified far each major ecosystem collection will focus 
upon these particular genera and species, and upon specific goals, 
(e.g. tolerance to anthracnose in Stylosanthes spp., tolerance to 
Sphaceloma in Zornia spp.). 

Even though most of the collection activítíes will be in areas of 
tropical Latin America with acid infertile soils, so me speciflc collec­
tions will be done in South East Asia, in areas with similar soils. 
These collections will Focus on genera such as Desmodium and Pueraria 
that have proven adapted to acid soOs in general, and to the humid 
tropics in particular. In the case of the grasses, emphasis will be 
placed on obtaining through germplasm exchange as much varlabillty 
as possible in genera such as Brachiaria, Panicum, and Andropogon, 
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which have shown general adaptatlon to the edaphic conditions of the 
area of interest. 

The agronomists wilt continue screening for promising species in each 
oF the weH-drained savanna ecosystems. When well-adapted species 
are identified, emphasis will be shifted to the identification oF lines 
wtth superior overall perFormance. The pathologist and entomologlst 
wlll asstst in the identtftcation of accessions more tolerantjresistant 
to the dlseases and pests that economtcally affect such spactes. 

Genetic advan<.es in some key spectes will be made not only by introduc­
tion and selection, but also by plant breedlng, where appropriate. Even 
though emphasls will be on exploiting natural variability before under­
taktng plant breeding, relative emphasls on breeding material ls ex­
pected to increase partlcularly durlng the second half of the decade. As 
a natural evolution of the selectton process within some key spectes, 
plant breeding will be usad when desirable charactaristics are mlssing 
and there ls a reasonable probabllity of incorporattng these character­
istlcs by maklng speciflc crosses. 

As promising lines are ldentified and cultivars approach release, 
there will be a series of related implícations: (i) the need to provide 
documented summartes of experimental performance and potenttal 
producttvity of these new cultivars, sinee the spectas may be totally 
unknown¡ (ti) the need to collaborate with national instltuttons in provid­
ing practical recommendatíons on pasture establishment methods, 
stocking and management practices; (ili) there will additionally be 
the need for seed production and processing technology to assist in 
the rapid and successful commercialization of seed production, imple­
mented in liaison with national agencies that control cultivar release. 

Pastura evaluation and development.- The present emphasis upon 
agronomic evaluatlon of a large number of accessions (Categoríes 1, 
II and III at both Carimagua and Brasilia) will Identify an Increaslng 
number of accessíons for evaluation under grazing conditions (Figure 
6.40). It is expected that the need for expansion of these activíties 
wm be partially met by raassigning responslbilities within the present 
team, and partially by initiating more grazing experlments in coopera­
tion wlth national instltutions. 

Once an adapted, productive pasture Is defined for a region, elther 
as a mixed or a pure stand, the need arises for deflning low cost 
and efficient establishment methods that provide adequate stands for 
persistence and productlvity. Seedbed preparation, minimum fertilizer 
requlrements, forms of applicatlon for alternative nutrlent sources, 
seeding denslties and methods, and pasture management systems are 

! 
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among the practical issues with which the program must deal at the 
time of cultivar release. Soil fertility status wiH be monitored uncler 
grazing in order to determine (minimum) fertilizer maintenance require­
ments for persistence ancl stability of the association. 

Pasture evaluation In productlon systems. - The present monitorlng of 
exlstlng production systems in selected subareas of Colombia, Brazil, 
and Venezuela will be expanded to Inclucle a more representatlve area 
in Venezuela, a poorly drained savanna area in Colombia and a dual 
purpose production area in Panama. The resultlng diagnosis of on­
farm production constralnts, and the set of farm productlon and 
economlc parameters wlH prevlde a data base that combined wlth the 
experimental data generated by the program, should suffice for slmula­
tion of alternative pasture uses in the various productlon systems 
IdentiFied. Modelling will be used with the speclfic objective of 
anticipating the expected outcome oF alternative uses of various pastures 
in different productlon systems relevant to the reglon. 

On-Farm valldation of improved pasture technology -planting new 
cultivars into pasture on a small portion of a farm and uslng this 
for those animals with highest response capaclty- has already been 
initiated in on four farms in the Colombian Llanos. As cultivars are 
released, this activity is expected to increase throughout the decade 
in a few selected locations and in close collaboration with national 
programs. [t should provide a means for validation of pasture per­
sistence and productivity under farm conditlons, and also for valida­
tion and Improvement of modelling activitles. 

5.4.7.2 Evolution of outreach and feedback activltles: Outreach and 
research actlvitles are intimately mixed since national research instl­
tutions are both the program's col1aborators and clients with the col­
laboration starting very early in the research process (Figure 6.3). 
Already, in the early stages of germplasm collection and evaluation 
col1aboration exists, but it wll1 expancl rapidly as germplasm acces­
sions advance in status through the research process. The main 
constraint to expanded collaboration Is the absence, in most countrles, 
of strong pasture research programs worklng in areas with acld in­
fertlle soils. Existing programs tend to concentrate on more fertile 
soils; areas where beef and mllk productton have expanded In the past 
and where most of the cattle population Is stHl located. 

The proportion of acid infertile soils and the degree of policy com­
mitment towards developing such areas varies considerably among 
tropical Latín American countries. Possibilitles of collaboration, 
asslstance requlred, and relevance of feedback wlll thus differ among 
countries. Using these criterla, countries can be operational1y cate-
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gorized into the followíng five groups (see also section 7.5): 

a) Countries with large areas of acid infertOe soOs and strong 
development programs in those areas. 

b) Countries with large areas of acid infertile soils but with 
less well-defined development programs. 

c) Countries with intermedíate areas of acid infertile soils and 
well-defined deve!opment programs. 

d) Countries with íntermediate areas of acid infertile soils and 
with less well-defined development programs. 

e) Countries with only smal1 areas of acid infert!!e so!!s. 

Up to too present, the Program has developed a strong research co­
operation with countries in the first group, the collaboration with rest 
of the countries has been Iimited to exploratory regional trials and 
training. Since the collaboration with national programs starts from 
the beginning of the research process, expanding as tt advances, inter­
national cooperation will naturally expand wíth too advancíng of the 
germplasm evaluatton process. Thus, cooperation in research wil1 
signifieantly expand with respect te groups of eountries "bOl and "e" 
mainly through advanced regional trials. More specifically, the plan 
for the decade 15 summarized be low. 

Training.- Training is directed toward augmenting the human re-
source base worklng In tropical pastures in acid inFertile soíl areas. 
In the past, trainlng efforts emphasized equally al! disciplines re­
levant to animal production. Since 1978, the emphasis has gradually 
shlfted toward troplca! pastures In acid inFertile soils. The objective 
of too short and intensive training courses given annual!y is to achieve 
during the decade a "critica! mass" of research workers for key loca­
Hons in cooperating countries. 

The short, intensive courses will be followed by postgraduate research 
internships to provide profess ionals From key locations, with the skHls 
and experience in research methods and teehniques for effective evalua­
tion of germplasm adaptation and pasture persistence and productivity. 
These training eFforts wil1 be complemented by other research network 
strengthening activities such as tOOsis research opportunittes in tropical 
pastures For M. S. and Ph. D. candidates, and short-term, in-country 
research courses in those countries and subregions with large areas oF 
actd inFerttle sotls. 

I 

I 
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Regional trials.- Germplasm exchange and testing through the network 
of regional trials constitute another ímportant outreachjfeedback activ­
íty and wil! be substantially expanded throughout the decade. Germ­
plasm will continue to be distributed on request for research purposes, 
and exploratory regional tríals (Type A) will be carried out in all 
countries in the network regardless of the extent of their acid so11s. 
Th(s type of tríal wil! be conducted in al! five major ecosystems using 
the tentative broad ¡¡st of germplasm material for each ecosystem. 

The full series of regional trials for the two types of well-drained 
savannas will be extended to cover all countríes with moderate to large 
areas of these ecosystems. As research in the two other ecosystems 
(poorly drained savannas and humid tropícs) starts early in the decade, 
and as promising material for each ecosystem ís identífied, the full 
series of regional tríals wíll start at selected sites of. the countries 
wi th moderate to large areas of similar characteristics. 

5.4.7.3 Relative ecosystem emphasis.- Until now, the program Focus 
has been upon the well-drained savannas with principal emphasis on 
the Llanos type savannas as at the Carimagua Research Station. Re­
search in the Cerrado type savanna started in 1978 with the outposting 
of senior scientists to work in germplasm utilizatíon. This program 
commenced in 1980, with regional trhls (type A) in the humid tropíos 
and the poorly drained savannas, but SO far these are exploratory 
compared with the research underway in the well-drained savannas. 
New research activities will start early in the decade in the hum id 
trapíc and poorly drained savannas; thus, by the middle of the period 
the program will be active in al! ecosystems. The primary emphasis, 
however, wíll remaín on the programs in the well-drained savannas. 
These will require over two-thirdsofstaff time at mid-decade and will 
still utilize more than one-half by 1990 (Figure 6.4A). 

The poorly drained savannas. - This type of ecosystem is found 
throughout the lowlands of tropical Latin America in the form oF smal! 
to relatively large "islands' I within the other ecosystems. Small 
areas of poorly dralned pastures are fQund in varying degrees on 
almost every farm, while typical examples of large areas are the Beni 
regíon of Bolivia, the Pantanal in Brazil, the Casan are in Colombia, 
and the Apure ín Venezuela. Lack of abundant, goOO quality forage 
that will persist under f!ooding during the wet season 1s the common 
constraint in this important and extensive ecosystem, which has 
gene rally higher stocking rates than the well-drained savannas. 

New thrusts in germplasm evaluation and soU fertilíty jplant nutrition 
for this area wlll begin in 1982. Germplasm will be concentrated on 
screening for adaptabí1ity and persistence on the major soUs that are 
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subject to different degrees of flooding, while simultaneous, in-depth, 
on-farm studies will provide a key to the role of improved pastures 
in different land forms. These thrusts will not require additions to 
the core staff since they wHI be conducted by agronomists from head­
quarters, Carlmagua, and Brasilia, in close collaboration wtth national 
programs working in the area. At present it Is envisioned that these 
activitles wlll occupy the total equivalent of 3 SSMY by 1985 and a 
maximum of 4 by 1990. 

5.4.7.4 The humld tropics.- An expanded germplasm evaluation 
effort for the humid tropics will give the Program a much-needed 
germplasm screening site that is characterized by acid infertile soils 
and more extreme environmental conditions than those found in savanna 
areas. This site will provide an excellent location for screening for 
disease and pest tolerancejresistance, which will result in betier under­
standing of the resistance mechanisms. 

The humid tropics are experiencing increasing in-migration due to the 
combined effeds of demographic, socio-economic, and geopoligical 
pressures. Most existing land use patterns result in rapid degradation 
of soil resources. The most prevalent exploitation system relies on 
the replacement of the original vegetation with pastures and crops. 
However, due to a lack of adapted forage species and the absence of a 
clear understanding of the dynamics of soH fertility levels after clear­
ing, the productivity of the pastures tends to diminish rapidly due to 
loss of stand and weed invasion. Thelr useful !ife span Is often no 
more than four to seven years. However, well-managed, adapted 
legume-based pastures maintained at minlmum fertHlty levels are ef­
fieient at recycling nutrients and provide excellent erosion protection. 

There is an urgent need for a broader range of adapted forage species 
and appropriate pasture developmentjmanagement technology for these 
regions. Jt is estimated that more than half of the 6-8 mil Iton hectares 
of c1eared Amazonian forest Is in a state of degradation. The recovery 
of the areas already cleared is one of the maln objectlves of thts new 
thrust of the Tropical Pastures Programo 

Two outposted research scientists will be assigned to work with a 
research team of a collaborating institutton, probably located in a 
"seasonal forest" ecosystem. The two positions are: 

- Outposted Research Agronomist, to commence duties in míd-1981. 
Objectives will include major germplasm screening plus coordina­
tion of a series of regional trlals wlthin the two humid tropic 
ecosystems. 
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- Outposted Research Pasture Development Agronomist, to com­
mence duties by January, 1983. Objectives wilJ include strat-. 
egies for renovation of degraded pastures, plus alternative 
strategies for pasture establishment and maintenance and related 
soil fertility/plant nutrition studies. 

These two staff members wilJ receive operational support from present 
staff, especially in the areas o" germplasm evaluation, pathology, en­
tomology, microbio logy, plant nutrition and seed production. In many 
ways, activities within the humid tropics will effectively complement 
savanna-based programs, broadening the ecological base for testing 
germplasm and technology. Significant economies of scale can be 
realized, and valuable time can be saved, by providing low-cost/low­
input solutions to the urgent problem of degrading pastures in the 
humid tropics of Latin America. 

5.4.7.5 Staffing patterns in the eighties.- While a natural result of 
the progress made in research and knowledge of germplasm perfor­
mance is that considerable change in research emphasis will Occur 
during the decade, only minor changes and additions to the core staff 
are envisaged. 

Total staff members. - In 1980 the Program staff includes 20 scien­
tists. Although five additional staff positions are proposed for the 
decade -three in regional cooperation and two in research-- net ad­
ditions to program staff will be only three since the other two posi­
tions are to be provided by phasing out existing positions. A peak of 
23 will be reached in 1986, remaining constant until the end of the 
decade. 

Research staff.- As described above, two senior staff will be located 
in a humid tropic location. Two research staff positions currently 
located at Brazil will be phased out in 1985 and 1986 respectively, 
concurrent with the initiation of mOre intensive regional cooperation 
activities. As the natural consequence of research advances in Llanos 
ecosystem, discipline orientation of the staff located at Carimagua will 
change from soils and agronomy to pasture utilization and cattle 
production systems, but the number will remain constant. 

As previously explained, from 1982 there wilJ be an increasing in­
volvement of the headquarters-based research staff in activities 
related to the poorly drained savannas and the humid tropics. Again, 
this does not imply changes in staff members. Total research staff 
will increase from 20 to 21 during the period 1982-1984, decreasing 
to 20 thereafter. 



- 118 -

Regional Cooperation staff.- From zero in 1980, this staff category 
will encompass a maximum of three positions by 1986 and remain 
constant untO 1990. The first two appo!ntments are proposed for 1983 
(1985 at the latest) Followed by a third appo!ntment in 1986. These 
proposed positions are as follows: 

a) Central Amertca and Caribbean: This staFf member will 
respond to the needs of a region which includes no less than 
nine countr!es with nattonally significant areas of acid, in­
fertile soOs utHlzed essentially in beef production. Activ­
Uies witl relate to regional trial coordination, on-farm 
validation trials and inter-regiona l technology transfer. The 
scientist will be located in Panama 01" Costa Rica and !s 
required by not later than 1985. 

b) Cerrado: This scientist will assist in the coordination of 
regional trials throughout the very extensive areas OF the 
Cerrado ecosystem and the adjacent, poorly drained savannas 
(e.g., Pantanal). The positíon will be filled in 1985, assum­
ing significant advances in the Program's pasture technology 
development. This will ooincide with a reduction of one core 
research position. The total number of staff positions in 
Brazil will then fall to two in 1986: one in research acttv­
ities, predominantly in pasture evaluation, and the other in 
outreach and regiona I trials. 

c) Subtropical 80uth America: This position relates to exten­
sions of the Brazilian shield into both Paraguay and Bolivia. 
The scientist could be located in either country and is pro­
grammed to start in 1986. While the primary function will 
be to coordinate regional trials, a secondary function wHl be 
to provide liaison to national research teams working in the 
"chaco regions" of Bolivia, Paraguay and northern Argentina 
where there is interest in testing CIAT's germplasm in 
distinctly different ecosystems. 





Chapter 6: INTERNATIONAL COOPERATION STRATEGIES 
ANO PROJECTIONS 

The principal goal of international cooperation activities at CIAT is to 
provide for collaboration in research and inter-institutional technology 
transfer. As described earlier, the key partners of ClAT are the counter­
part research programs in each collaborating country. It is these institu­
tíons which are continually encouraged to define their needs and aspira­
tions in relation to CIAT; thereby, they determine to no small measure the 
direction and emphasis of the research programs at CIAT. 

Given the cooperativa nature of the relationshi,p between the national re­
search programs and CIAT, and given the key role of national programs 
in the technology generation and dissemination process, CIAT is most 
interested in working with the national counterpart organizations in 
strengthening their research capacity, and thereby to assume an 'increasing­
ly larger responsibility in the research process as it relates to the com­
moditíes in CIAT's mandate. 

The cooperative activities between CIAT and its national counterparts 
takes on various forms. Collaborative activities as they relate to the ex­
change of germplasm, international/regional testing networks and collabora­
Uve research are discussed in this document in the context of the individual 
research programs. This Chapter concentrates chiefly on those intarna­
Honal cooperation aspects which fall within the dírect management respon­
sibility of lnternational Cooperation. 

6.1 Strengthening of National Commodtty Programs and 
Oevelopment of a Research Network through Training 

Research capabillty is largely a function of well trained scientific manpower. 
Its lack, shortage or loss constitutas serious límitation te generating, adapt­
ing and validating improved technology in national programs. 

In the decade ahead, training will continue to constitute the principal means 
by which CIAT collaborates with national programs in helping ta bulld up 
their capability to cooperatively as well as independently, conduct research 
on the commodities in CIA T' s mandate. 

Practtcallyall of the training opportuníties offered by CIAT are commodity 
based and are on the postgraduate level. Below are outl ined the principal 
considerations governing CIAT training activities in the decade ahead. 

6.1 .1 Types of National Organizations relevant for CIAT Training 

The task of program building is large and requires the establishment of 
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priorities. CIAT has chosen to give first priority to commodity research 
programs in government research institutions. Second level of attention 
goes to universities, but only those that have active research projects on 
the commodíties in CIAT's mandate. Third priority ls assigned to select­
ed leadership staff in extension and development organizations to help 
link research with extension, and private industry. It is expected that in 
the course of the '80s, increasíng emphasis will be given to universities 
as they become more active in research and as the need for an increased 
role for the international centers "nd national research institutions in the 
university teaching currículum becomes more articulated. This emphasis 
will be expressed by training university staff engaged in the teaching of 
production courses which include CIAT commoditíes, and by helping 
develop didactic material for such courses. It is belteved that this wilt 
have a significant multiplícation effect on the utílization of CIAT's tech­
nology and will contribute to the íncreased productivíty and production of 
the correspOnding commodities. 

6.1.2 Selection of Training Candidates 

Since the primary purpose of training is too s~t::Iíil~.h~n nati()pal"2!:9~iza­
tions in carrying out research on commodities in~ CI.A,I'.~ate, parti-
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cipants must be actively worktng iñ a national research and/or develop-
ment organizabon that certifies the continued employment of CIAT-trained 
professionals and outlínes the type of activity the candidate will be engaged 
in after the training periodo The prerogative to pre-select rests with the 
respective national institutions. Final selection of candidates is done 
through mutual consultation and agreement. The type of CIAT training 
is always determined on the basis of the stage of development a national 
commodity effort is in, and the particular needs and priorities expressed 
by the naUonal programo In all cases, though, the selection of training 
candidates is oriented to form research teams for each commodity in 
CIAT's mandate, or, alternatively, to train professionals that are to 
bridge the gap between research and extension on the national level. 

6.1.3 Countries of Origin 

As the prime concern of CIAT is the tropical Latín America countries, 
some 80 percent of past training participants (or a total of some 1, 700 
professionals during the period 1969-1980) have been selected from this 
area. In the next five years, participants from Asia and Africa are 
expected to increase to approximately 10 percent of the yearly total as 
regional cooperation expands to these areas. Nevertheless, throughout 
the eighties, the large majorityof CIAT training participants wtll continue 
to be selected from the tropical Latín American countries. 
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6.1.4 Funding of Training Scholarships 

Currently, approximately one-third of the scholarships for CIAT training 
participants are core-funded. The other two-thirds are etther special 
project funded 01' are financed by the respective national institutton. This 
ratio of core vs. external funding is expected to continue throughout the 
'80s. This will allow CIAT to have available limited funds to finance 
scholarships for CIAT-based training for representativas of national 
institutions that do not have the necessary resources to support their 
training candidates while at CIAT. At the same time, tt stimulates an 
active, financial participation in CIAT-based training both on the part of 
collaborating national tnstitutions that have access to resources for train­
ing at an international center, as weH financial participation on the part 
of donor agencies that are interested in providing resourees for man­
power development purposes. 

6.1 .5 Thesis versus In-Service Researeh Training 

A large proportion of current training opportuniUes provided by CIAT are 
in the area of non-degree training. Rea!izing that such training has limita­
tions in that tt often does not result in commensurate professional and 
leadership opportunities offered to the ex-training participant upon return­
ing home, the Center wtll strive to arrange for tncreased opportunities 
for thesis researeh in conjunction with cooperating universUies. However, 
ít m'Jst be considered that candidates for graduate thesis work are scaree 
in numbers and that sorne Lattn American countries require relatively 
short but intensive practical training to allow young graduates to perform 
efficiently in areas of practical agronomic rasearch, validabon of tech­
nology and technology transfer. Restricted budgetary and manpower 
resources do not yet allow these countries to assign their personnel for 
training during long period of time. Therefore, non-degree related in­
service training Is expected to continue to be in high demand for some 
time. 

6,1.6 CIA T Assistance to ln-Country Training 

Certaln types of training, especially for research personnel with large 
responsibilities in extension and for leading extension personnel, can 
best be conducted in the countries. To the present, CIAT has collabo­
rated with 13 countries in the planning and conduct of some 31 in-country 
courses on research and production of commodities in CIAT's mandate. 
Throughout the '80s, CIAT expects to continue to provide, on request, 
and within available resources, training in methodology and new tech­
nology to assist country programs in conducting courses to further 
strengthen their technology valídatton and transfer capabilities in the 
area of ClAT's commodities. 
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6.1.7 Relative Magnitude of CIAT Training Actívitíes 

At the present time, CIAT annually is recelving sorne 280 professionals 
for trainíng at the Center. Their length of stay ranges from one to 12 
months (selected thesís students stay for longer periods), wíth an average 
length of stay of four months. lt ís expected that the annual contingent 
of CIAT training participants in the first half of the '80s will remaín at 
approxímately this level. In the latter half of the decade of the '80s, tt 
ís antícipated that while the number of professíonals to be traíned at 
CIAT wíll decrease somewhat, there wíll be a parallel gradual evolution 
to higher revel, research-oríented, longer-term training. At the same 
time, more productíon-oriented training will be emphasized through 
collaboratíng with national organizatlons on in-country courses. 

It ís projected that during the decade of the '80s, around 15 percent of 
the Center' s budget and an average of two man-years of traíning particípants 
per senior staff member will be ínvested in the trainíng of personnel from 
collaborating national research institutions. 

Training actívitíes at the Center ís highly decentralized and takes place 
withín the commodíty programs under the supervísion of senior staff 
personnel who devote between 10 and 15 percent of their time to trainíng. 
Training is coordinated center-wide by the Training Offtce staffed by a 
senior staff coordinator and a contingent of professional support staff 
personnel that liaise between the Training Offtce and the respective com­
modity programs. Thís form of central ized coordination and decentralízed 
exeeution assures an effective integratíon of training with research, at the 
same time that it provides for a CIAT-wide application of unified training 
standards. 

6.2 Conferences for Mutual Consultations and the Further 
Development of Research Networks 

CIAT has long recognized the value of international and regional conferencesl 
workshops as a means of Ca) focusing attention on a given research issue, 
the establishment of priorities involved and definítion of interinstítutional 
collaboration in dealing wíth these; (b) consulting with natíonal counterparts 
on seleeted CIAT program strategies and mutual coordinatíon of research 
work; and (e) consulting, on a regular basis, on the nature and operatlon 
of eommodity-based research networks. 

AH three types of conferenees will be continued throughout the 'SOs. While 
the first two types of events will be scheduled as the need arises, ¡t is 
anticípated that one network workshop in each of CIAT's commodities will 
be held every other year. 
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As the organization and conduct of conference events requires considerable 
investment in term of financial inputs and sclentists' time, conferences 
will only be held when they are considered necessary in achieving the 
objectives of the Center. In any case, as a rule of thumb, core-financed 
conference events wiU never exceed .75 percent of the total core budget 
in any one year. In addition, cosponsorship with other international 
organizations wiU be sought whenever the subject of a conference is of 
such nature that if falls into their interests 01" mandates. 

6.3 Interpersonal Technícal Consultation 

On the part of CIAT, technical consultation with national programs is 
made possible through the travels of the Center's senior scientists and 
directorial staff. An average of 15-20 percent of their time is spent on 
visiting research projects of cooperating members in the various re­
search networks. Upon request, CIAT may also provide advice on 
organization and development of national programs related to the com­
modities in CIAT's mandate. Demand for such visits is expected to 
remain high in the eighties; yet, no substantial increase in time allocated 
for consultations is planned as this would conflict with on-going activities. 

CIAT encourages profess!onal program staff and leaders of national pro­
grams to periodicaHy visit CIAT and its programs as a means to previde 
its coHaborators with first-hand informatian on CIA T development. 

6.4 Communlcation and ¡marmatlon Support 

A principal output of an international research center such as CIAT is a 
massive amaunt of technical information on the context of agricultural re­
search as it pertains to CIAT, on new production technology, and on re­
search methodology. In an effort to systematize this information and to 
make it available to the research and development eommunity both on the 
national level as well as to other regional and international institutions, 
CIAT maintains an important effort in the development and produetion of 
technical message paekages which include the following publication series. 

Annual Reports. The teehnical annual report of CIAT is publ ished in the 
form ot separate reports each for the major research programs of the Center. 
Also, a yearly "CIAT Report" is published. 

Newsletters. Commodily-specific newsletters are published periodically. 
They contain information on Ca) developments with the respective CIAT 
commodity program; (b) new technology (both CIAT-and non-CIAT generated); 
and Ce) eommodity related work in cooperating national programs. 

I 

I 
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Tech'1ica1 Publícations. This series includes the publication of conference 
proceedings, monographs, production manuals, field problem guídes, 
and others. 

Audiotutorial Uníts. These are audiovisual training materíals that provide 
technical information on the commodíties within the mandate of CIAT for 
didactic purposes. These materíals are for the use at CIAT as well as 
within countries ei. e., universiUes, national research institutions). 

Public lnformatlon Materials. Selected materials are produced to ínform 
a more generalized publíc of the purpose and the nature of CIAT. 

It ís anticipated that throughout the decade of the '80s, the volume of CIAT's 
communícation products will continue to increase and that the utility of 
the CIAT message products to their intended audiences will progressively 
be enhanced. 

CIAT wíll continue to explore innovative alternatives in the use of message 
channels in attempting to improve the effectiveness of CIAT messages 
addressed to lts various audiences. Nevertheless, as the most important 
audíence ís the collaborating research scientísts on the national level, CIAT 
will always assure that its forms of communication are compatible with 
avai lable communication infrastructure on the national level. 

In the technical information fleld CL e., documentation and library services), 
over the years CIAT has acquired international recognitíon for its timely 
delivery to research scientists in national programs of agricultural informa­
Hon services. These services include abstracts, tables of content, photo­
copying of research documents, specialízed literature searches, annual 
cumulative bibliographies, plus the publication of monographs containing 
synthesis of technical information in selected Fields. 

CIAT recognizes that timely technical information servíces to research 
scientists at CIAT itself and at the national level is vital to the task of 
improved agricultural production technologies. In the decade ahead, CIAT 
will systematically build up its documentations services of research work 
in the fields of cassava, tropical pastures, beans grown under tropical 
condiUons, and rice, in Latin America. At the same time that these 
selected documentation efforts will be further developed and integrated 
with large, comprehensive agricultural information systems (e.g., 
AGRINTER), the more general information services provided by CIAT 
which are not directly linked to research and development on CIAT's 
commodities, will graduatly be diminished to the point where they will be 
phased out by the' mid-' 80s. This latter development is in recognition 
of the fact that in the non-CIA T mandated commodities the Center does 
not have a comparative advantage in providing technical information 
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services. Rather, the responsibility for the provision of such services 
must gradually be assumed by other regional and national information­
related organizations. 

Presently, CIAT assigns a total of four senior staff positions in the area 
of communication and information as described above. (lt must be poi.nted 
our that a considerable portion of the on-going work in the area of com­
munication/information is devoted to the direct support of CIAT programs 
in general and thus only indirectly i.mpinges on international cooperation 
activities). During the planning periOO under consideration here, neither 
the number of senior staff positions nor the relative proportion of resource 
allocation to communicationjinformation activities is expected to change 
significantly. 

6.5 International Cooperabon Activities in Relation to the 
Needs of National Programs 

The mlx of ínternational cooperabon services to be provided to any one 
national counterpart organization wiU generaUy depend on the level of 
development of its research program in the respective CIAT commOOities. 
For díscussíon purposes, different levels of program developments can 
be defined as follows: 

Group 1: Advanced national commodity programs that have clearly 
defined their research and development strategy and are 
equiped to ':Carry out these strategíes; 

Group fl: Developing national commodíty programs in a dynamic 
state of growth and development of their activities; 

Group Ill: Developing national commodity programs at an incipient 
stage of development, staffed by personnel with low 
academic degrees and levels of training; 

Group IV: Organizations that do not have a formal program on the 
CIAT commodity involved but whose country has goOO 
potential for production of that commodity; 

Group V: National commodity prograrns that because of economical 
andjor other circumstances are in a state of decline and 
need revital ízation. 

Clearly, CIA T' s efforts to strengthen natíonal commodity efforts must be 
adjusted tú the different needs of these national programs as their stage 
of development moves along the continumm described above. Table 7.1 
provides a general ized overview of the types and relative emphases of 
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different international cooperation serviees that are rendered to eoUaborating 
national programs at various stages of development. 

6.6 Outposted Personnel 

Outposted personnel refers to any CIAT staff stationed outside of Colombia. 
Outposted personnel represents a very important component of international 
cooperation serviees and their number is expected to grow considerably 
in the decade of the I 80s. The Center distínguishes between three types 
of outposted personnel: outposted staff for research; regional eooperation 
staff; and bilateral eontract staff • 

6.6.1 Outposted Staff for Research 

In principie, researeh staff will be posted outside of CIAT only when three 
eonditions are met: (a) the research problems to be solved are of signifícant 
importanee of a given regíon (L e., normally CIA T wi II not post permanent 
core funded research staff to conduct research relevant to only one country); 
(b) the research problems to be solved oceur in eonditions which are not 
adequately represented in any site within CIAT's host eountry and there­
fore require the outposting of research staff to a ~presentative site out-
si de of Colombia; and (e) there is a strong regional or national research 
organizabon in the area whieh itself assigns high priority to the solution 
of the research problems at hand and is in a position to provide effective 
research support to the outposted research staff. S ince the researeh 
conducted by this type of scientist is an extension of CIAT's eommodity 
research programs, it ts understood that these setentists would preferably 
be funded through the core budget. CrAT's plan for the '80s cal1s for one 
outposted researeh staff in cassava (position to start in 1983) and 
tropical pastures Ca maximum of five positions). 

6.6.2 Regional Cooperation 

Regional cooperation staff are outposted to strategic \ocations in order to 
serve regions in which a particular commodity is important. While in 
recent years a modest effort was made to serve selected regions through 
a few special project-funded regional cooperation staff, it is believed that 
the '80s ar the time for maximum expansion in regional cooperation staff: 
naw that an ever inereasing arnount of technology becomes available, stronger 
cooperation with seleeted regions becornes imperative. Until such time 
that CIAT has added the full contingent of regional cooperatíon staff out-
lined below, the Center cannot be considered as fuUy developed. 

A distinction is made between regional cooperation staff ín the Western 
Hemisphere. and regional cooperation staff outside the Western Hemisphere. 
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6.6.2.1 Within Western Hemisphere. These staff are assigned to a 
specific country 01'" regional programo Their major role is to asstst in 
the inter-institutional transfer of technology in a given commodity and 
to provide feedback into the research process, thus making them essential 
links in the technology generation/technology transfer continuurn. In 
close collaboration with national programs in their respective regions they 
conduct 01'" encourage research on problems of special importance to that 
area. They expedite and help organize international nurseries and other 
collaboratíve tria\s in the region, and they assist in the selection of 
participants for training at CIA T and in the development of in-country 
training courSeS' O'.Je to their relative proximity to CIAT headquarters, 
outposted cooperation staff within the Western Hemisphere wiU always 
maintain CIAT as their "second" headquarters and thus will visit CIAT 
at periodic intervals. 

As a rule, regional cooperation staff outposted within the Western Hemi,.. 
sphere shall be core funded. Nevertheless, the funding situation at any 
one time may be such that given positions must be financed through 
special project funds. The long-term plan of CIAT calls for a total of 
eight regional cooperation staff positions in the '80s (3 in beans, 1 in 
cassavaj 1 in rice, and 3 in tropical pastures). 

6.6.2.2 Outside the Western Hemisphere. These staff are posted to 
major regions outside Latin America and the Caribbean in which a given 
CIAT commodíty is of great importance and which have a potential to 
benefit from new CIAT production technologies with but a minor research 
effort in the adaptation of this technology to the regional conditions. 
Scientists posted to such regions are to be located at stl"'Ong international, 
regional 01'" local research programs which themselves assign high 
priority to the commodity research/development effort under consideration, 
and which can provide sufficient infrastructure for train!ng, quarantine, 
varíetal selection and seed multiplicatíon. The principal role of scientists 
posted outside the Western Hemisphere is to previde an organizational 
framework that allows for the regional adaptation and validation of new 
production technology, and to stimulate active coHaboration in this 
process on the part of national programs in the reglon. In general terms, 
CIA T scientísts posted outside of the Western Hemisphere cover a larger 
geographic area than theír counterparts within the Western Hemisphere. 
They wtll organize a greater portion of training on a regional basis and 
select candidates for further research training at CIAT only for selected 
disciplines for which adequate training 1s not available in the regíon. 

While it is preferable to include these long-term positions in the core 
budget of CIAT, it is possible to consider special project funding for 
outposted staff outside the Western Hemisphere. For the '80s, a total 
of four core-funded regional cooperation staff outside the Western Hemi-
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sphere are projected: two positions in beans, and two postions in cassava. 

6 .6.2.3 Bilateral Contract Staff. These staff are appcinted as local 
components of national 01'" sub-regional research teams at the request of 
individual countrles 01'" small groupings of a few countries. They serve 
on a temporary basls (usuaHy three to fíve years), and their purpose ls 
to strengthen the institution they are assigned to in their field of activity 
while national staff complete theír training to fill such positions. Bilateral 
contract staff will normaHy be working chiefly with one of the commodittes 
for whích the Cantar has responsibílitias, and will maintain very close 
tíes with the respective program in CIAT. 

Since these types of appolntments wíll depend on special project fund 
availabitity and are of a temporary nature, ít ls neíther possíble, nor 
desírable, to project precísely for whích countries funds will become 
available and which meet the crítería established by CIAT for consídering 
CIAT bilateral contract staff (Críteria are listed in the CIAT publication 
CIAT's Strategy for Outreach Servlces, Series 12E-1, 1979). It is 
anticípated, however, that no individual commodity program will, at any 
one time, be involved with more than three countries Or engage more 
than five such bilateral contract staff. 
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Chapter 7l NEW CDRE INITIA TIVES 

In this plan CIAT projects two initiatives whleh are to be incorporated 
into core funding during the decade. 80th are highly complementary 
totheon-going activities of the Center and are regionaUy oriented to­
wards the Western Hemisphere. These initiatives are with respect to 
an enlarged role for the Data Services Unit in agroecosystema analysis 
and the Seed Unit. 

7.1 Seed Technology and Tralnlng 

In 1979, a spedal project funded by the Swiss Development Cooperation, 
was initiated at CIAT. with the obJective of assisting in the strengthening 
of national seed-related activities in the region and in províding CIAT 
with a means for decreasing the time span that is required for new germplasm 
to reach the farm level, through the provision of seed production and 
processing capacity in the commodities within the mandate of CIAT. 

lnitially, it was planned that this activity, Le., the Seed Unit, would be 
phased down at the end of five years of spedal project funding to a level 
whích could be maintained.with existing core resources. However, the 
highly positive response from the national programa evident in the first 
two years of the project has led to a reconsideration of these earUer 
plans. A continuing need for additional seed-related activities at CIAT 
over the decade has been demonstrated. The Seed Unit has thus been 
projected for incorporation into the cOre budget during tMe decade. 

7.1 .1 Objectives of tMe Seed Unit 

The principal factors Hmiting progress in national seed programa and 
the industry are lack of trained personnel, often unclear and inconsistent 
policies by governments, limited suppliea of breeder and basle seed for 
transfer to the seed industry, problems in producing, processing and 
storing of good quality seed, weak marketing systema and tMe lack of 
effeetive meehanismsforthetransfer of impreved seed to small farmers. 
Under these circumstances the role of seed related aetivities at an 
international center needs to be defined elearly sinee the manifold pro­
blems outlined aboye cannot only be solved at that level. The Unít 
has thus defined its objectives as follows: 

ca) To strengthen seed programs and local enterprises through tMe 
trainlng of, and technical eollaboratíon with, seed teehnologists 
in the region. 

(b) To previde assistanee to nattonal programs, ineluding the produetion 
of breeder and basie seed by CIAT on request, te stimulate more 
rapid use of good seed of the most promising materials available. I 

I 
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CC) To encourage research on seed related problems límittng seed 
production and distribution, and in improving technícal communíca­
tion among seed technologists in the regíon. 

(d) Tofoster discussion on the development of policíes and strategies 
which will permit greater use of improved varieties released by 
national research institutions. 

7.1.2 Seed Strategy for the Eighties 

During the first phase bf the program considerable attention has been 
given to the training of seed technologists at the introductory level since 
there are only a Iimited number of personnel specifically trained in seed 
technology. In the main, persennel in these programs have received a 
normal agricultural training in which seed related activities were not 
emphasized. A number of baste courses were mounted in which, to the 
end of 1980, 123 seed technologists have received a broad based training 
in all aspects of seed production, processing, marketing and quality con­
trol. In the second phase of the training program increased emphasis 
will be placed en more advanced specialized courses and workshops 
addressed to particular needs, such as the production of breeder and basic 
seed, organization and operabon of seed program activities at the na­
Honal level, seed quality control, seed drying and processing, and seed 
marketing and national seed policíes gene rally . In these courses 
participate both leaders of public and private sector programs • 

In the area of technical collaboration, the Seed Unit projects increased 
activity in providing assistance to national seed programs in accelerating 
the use of improved hybrids and varieties. This collaboration will 
include assistance in the formation of seed associations and new local 
seed enterprises. Much of this actlvity will be channeled through profes­
sionals who have had previous contact and traíning with CIAT. The Unit 
will support efforts by sub-regional groups and national programs in 
offering short courses designed to multiply the total training effort at 
the local level. 

In the area of seed production and processing the Unit proposes to continue 
to support the CIAT commodit;y programs by multiplying, and making 
avaitable breeder and basic seed of the most promising materials te 
national programs and other interested organizatiens in the region. In 
this operation CIAT does not propose te distribute cemmercíal seed 
directly to farmers since the bastc objective of the Unit i5 to encourage 
these activities at national level. The Unit will collaborate in encouraging 
the multiplication of materials of interest te national pregrams wherever 
possible. 
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As part of the activities in breeder and baste seed production CIAT has 
aLready established Iinks wíth other international eenters, partieularly 
CIMMYT and ICRISAT. The objeetive of these linkages is to assist 
these centers in their eoUaboration with national programs, through 
production and disseminatíon of promising materíaIs in the reglon. 

With respect to research on seed relatad problems CIAT is helping to 
identify priority areas for research in sead teemology with relevance 
to the reglon and to the commodities in the mandate. In the introduction 
of new pesturespecies many problems of productíon, harvesting, storing, 
and qualii;y evaluatíon need to be addressed, sinee these species are 
entírely new to the seed industry, and basie seed teehnology for these 
species has not been developed. In the other commodities, Le., beans, 
eassava and rice, there are partiCUlar areas of research which are 
necessary to facilitate improved sead production and distribution. With­
in the resources of the Unit, and in collaboration with the CIAT commodii;y 
programs and natíonal institutions, a stronger research effort ls projeet­
ed for the elghties to provide answers to some of these problems. 

The prov!sion of lnformatíon serví ces on seed related actlvities, includíng 
documentation and audiotutorial teachlng materíals, ls an integral part 
of the proposad plan in order to encourage professionalism and good 
communication among the seed eommunii;y in the regíon. 

7.1.S Projections for the Eighties 

At present, the Seed Unit staffing consists of two senior sclentlsts and 
supportlng personnel, providad entirely by the spectaI project fundlng. 
Funding for the present phase of the project will terminate in 1984. 
CIA T proposes to continue sead related activities as a separate Unit 
over the decade of the eighties. On the termination of present funding, 
it is hoped that sorne continuing essistance from the present dOnor can 
be providad' 

Two senior core funded scientist positions are projected for 
the Unit to commence in 1985 and 1986. In addition, the existing senior 
seed scientist in the Tropical Pasture Program will be associated with 
the Unit. One of the projected positions will be required in the area of 
seed technology (processing, quality control and enterprise management), 
and the other in the general area of seed production and allied research. 
The position in Tropical Pastures will continue to be dedicated to the 
problems associated with aH aspects of sead technology in the pastura 
spectas under investigation, for which methodologies are stHI lacfdng. 

Continued assistance from special project funding wiU be required for 
the provision of funds for training, workshops, conferences, and technical 
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collaboration activities, te maintaín the level of activity in the present 
project. 

7.2 Enlarging the Role of the Data Services Unit: 
Agroecosystem Analysis 

The Unit was oríginally established to provide an essential service in 
the Center through the provision of support in all statistical, mathematical 
and computational aspects of research and in administration. The Unit 
presently consists of two major sections: Biometrics and Computing. 
In the plans for CIAT in the '80s it is proposed in add a third activity 
te the unit namely: Agroecosystems Analysis. 

The Report on the TAC Stripe Review of Farming Systems Research in 
1978 clearly identifted the lack of adequate characterization 01' the environ­
mental and socio-economíc cOnditions, in the areas where CIAT com­
modiUes are 01" could potentially be lmportant, as a major gap in CIAT 
activíUes. This report was followed by the recommendations of the 
T AC Review en Upland Rice which highlighted the need 1'01" a more adequate 
description and classification for upland rice production zones in the Latln 
American context. The need for agroecosystem information in trie area 
of influence of the Tropical Pastures Program was early recognized by 
CIAT given the clear ecosystem focus of this programo In the three 
crop commodity programs CIAT sclentists have continually raised the 
question 01' the pressing need for in-depth agroecological studies in the 
areas of production of these commodities. 

7.2.1 Progress in Agroecosystem Analysis 

Research in the area of agroecological analysís begun at CIAT in 1978 
wíth a specífic focus on the area of importance for the Tropical Pastures 
Programo A formal unit was not established but funding was provided 
through existíng visiting scientist provislons in the core budget. Meth­
odologíes have been developed and a complete computer file has been 
established which represents a detailed land system and climatic inventory 
of the tropical lowlands of Latín America. Research to refine these 
methodologíes and to expand the coverage of the study is now in progress. 

In the case of the crop commodities the study must necessary be cen­
ducted en a scale appropriate for the less extensive microregions of 
producUon for these commodiUes. Research has commenced to define 
these microregions and their associated land system and climatic 
descriptors. A further file covering theagronomic/cropping system 
data for each microregion is also being collected in order to allow a 
fUUy tntegrated definition of each area. 



- 134-

The addition 01" a socio-economic dimension to the study is possible 
through the interaction 01" the commodity program economists in the 
study. This is particularly important in defining those area orpr'Oduc-
tion of CIAT commodities where small farmer production is concentrated. 
Socio-economíc information combinad with the environmental and agronomic 
data files wHl al10w a quantitative assessment 01" the importance of the 
production contributions and the various environmental and socio-economic 
constraints faced within each actual or potential production area. In the 
case of the crops the microregion represents a relatively homogenous area 
of production which constitutes a unique element. In aggregating these 
elements CIAT and national programs can gaín a clearer perspective 
with respect to technology desígn críteria and in the evaluation and transfer 
01" technology in the most efficient manner possible to the end user. 

The very complex nature of the methodology and the type and quantity 
01" the data which have already been computerized and the expected future 
demands on the study are such that the interaction of the studies with 
CIAT commodity programs can best be explained through a series 01" 
examples 01" work already conducted in two programs and future trends 
in this actí vi ty • 

7.2.2 Applications of Agro-ecosystem Analysis in Commodity Programs 

7.2.2.1 Tropical Pastures. The study on the South American tropical 
lowlands has allowed a classification of the various ecosystems to be 
made which takes into account topography soU, ctimate and eXIsting 
vegetaban, in defining land systems. The aggregatton 01" the land system 
units allows a quantitative evaluation 01" the natural resources available 
in each ecosystem. The research focus as defined in this Plan for the 
Tropical Pasture Program is basad on these data. 

In the area 01" technology evaluation and transfer the study has provided 
a valuable lead in defining sites for regional experíments within the germ­
plasm evaluation scheme 01" the Programo In the future an accurate definition 
of the environmental constraints in each land system will provide a means 
1"or defining new technology specifications, particularly with 
respect to germplasm characteristics, for each zone. Economic studies 
on the relative comparative advantages 01" different zonas with respect 
to future development will facil itate policy making at the national level. 
The studies are already in use in Brazil and are in the form of computer 
files in EMBRAPA. 

7.2.2.2 Beans. The program has been considerably aided by the studias 
to date in defining its research strategy and the location 01" its primary 
locations for the fírst two stages of the germplasm evaluation program. 
A climatic analysis of the microregions (Table 5.4) allowsd an accessment 
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of crop temperature conditions privaíling in 110 bean microregíons in 
Latín America. The primary sites at CIAT -Palmira and CIAT, Popayán 
are clearly representative and bracket major porttons of the production 
zones wíth respect to temperature. Further studies indícated the 
ímportant constraínt offered by late water stress in the cropping cycle 
in a large proportion of the microregions. These data have influenced 
the methodology utilized in conducting water stress resístance evaluatíons 
in the germplasm development program. 

In the future the program wíll link ita detaíled and computerized data file 
(SIFR!) on the breedíng program with the agroecosystem file in order to 
better predict the potential for particular experimental tines. This wtll 
greatly facílitate the desire of the program to reduce the quantity of 
ínternatíonal material needed to be evaluated by already overworked and 
understaffed natíonal programs of bean research. 

Studies on the incidence of diseases in relatian to climatic conditions using 
the microregíon fUe have clearly índicated the quantitative ímportance 
of antracnose as a constraínt in beans in Latín America and has helped 
in defining program strategíes for thís disease. 

The above examples have been selected to illustrate the research which 
has and will be conducted to benefít aH the commodity programs at CIAT. 

7.2.3 Projectíons for Agroecosystem Research in Data Services 

The planned expansion of the functions of the Data Servíce Unit to encom­
pass a formal core funded actívity in Agroecosystem Analysis has been 
based on a thorough tríal as to the potential value of this work in C lA T . 
The planned activity wiH constítute a centralized servíce function to 
the commodity programs since the basic natural resources inventory 
and methodologies are common to aH programs. The research will 
continue to be done in collaboration with program scientista. The new 
positíons required to carry out the central research wíthin the Data 
Service Unit are for an agrocllmatologist (starting in 1982) and a land 
systems spec\alist (starting in 1983). Untíl the positions can be core 
funded CIAT wiU attempt to continue existing activities at a level 
consistent with presently available core resources. 



Chapter 8: COSTS AND BENEFITS OF ClAT IN THE EIGHTIES 

8.1 Costa: Budget Implications 

The budgetaI"Y implications of the long term plan as presented in the 
previous pages are prtnctpaUy a function of the projected man-years 
af sentor scientists. Table 8.1 presenta a break-down af actual senior 
staff positians in the pe.riod 1978-81. and projections of core-financed 
pos itions for the decade of the eighties. Figure 8.1 presents a graphic 
summaI"Y af actual and projected senior staff positions in the areas of 
research, research support and administration, and regional cooperatian. 

Table 8.2 presenta projected ClAT core budgets for the yearb 1982 to 
1990 in constant (1981) dollar terms. The esttmates are based an the 
projections contained in this Plan with respect to staffing and associated 
requirementa in operations, working capital and capital. 

Table 8.2 ClA1 Core Budget Projections to 19901 

Year 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

Constant 1 981 
US$ míllions 

18.4 
19.4 
20.7 
21.7 
22.9 
23.7 
23.9 
24.2 
24.3 

.!I See Appendix 14 far methodology used in catculating budget estimates. 

8.2 Anticipated Social Benefita 

lt ts difficult ta predict the resulta of research and even more difficult 
te estímate how and where they wiU be applied by national agencies in a 
world that ls showing such rapid social. polítical and econom!c changes. 
Nevertheless, CIAT would, of course. not embark on the ambitious plan 
outl tned tn the previous pages without some idea af the beneftta that wiU 
accrue to the developing countrtes as a result of this work. The predicted 
resulta outtined below should be viewed in the light of the fact that ClAT 

f 
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78 '79 'SO '81 '82 '83 '84 '85 '86 '87 'SS '89 '90 

R .... rch: 
H •• dquarte,,-ba •• d 

Bean. 11 11 12 12 1311 13 13 1412 14 14 14 14 14 
eamw. 9 9 10 10 10 1111 11 U 1§¡ 12 12 12 12 12 
Rice 3 3 3 4 5~ ell- e 6 6 6 6 6 6 
Tropical Pastures 17 17 17 17 17 IS!1J 16 16 lt2~ 11 17 17 17 
Swine 2 2 

R .... rch: 
Outposted 

Sean. 
ca$uva Pl1t 
Rtce 
Troploal Psstum 2 2 3 3 4;¡¡ 51j¡ 5 4

'
J!t 32~ 3 3 3 3 

Regional Coope,ation 
Sesns 1';!! 314.!liI 3 5 26d} 5 5 5 5 ~ 

Cil ClGa.va 1;'- 1 1 22.9t 3'.% 3 3 3 3 (X) 
Rice PJiJ 1 I 1 I 1 1 
Tropical Pasturas 221 .BI 32~ 3 3 3 3 

Adminlstration & Support 
Adminlstretlon 6 6 7 7 7 7 7 7 7 7 7 7 7 
Communicationl 

tnformation 4 4 4 4 4 4 4 4 4 4 4 4 4 
Data Servicet 1 1 1 1 2!1 3W 3 3 3 3 3 3 3 
Genettc Resources 3 3 2 2 2 2 2 2 2 2 2 2 2 
Laboratory SeNlces -!!I 13.J¡ 1 1 1 
Seed Unit 1'-ªI 23llt 2 2 2 2 
Statlon Operatlom 1 1 1 1 1 1 1 1 
Training Qffice 2 2 1 1 1 1 1 

TOTAL 61 61 62 63 67 72 75 80 85 86 86 86 86 
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1982 
Addition 01 one bean pathology position 
Addition of one rice economícs POsition 

3 Addloeion 01 one 10r$9& agronomy position for humid trapies 
4 Addition 01 one regional cooperatlon posltion for Asia 
5 Additioo of pasition for agroelimatology 
6 Defetian of positlon tar biochemístry 

1983 
7 Addition 0# position for virology 
8 Addition 01 posltion for upland rlce physiology!sgronomy 
9 Tamporary deletion 01 one headquarters-based research position 

10 Addil;ion 01 ane breedlng position 10r sub·troplcs 
11 Addition 01 cne pasture renovation!establishment po.,it!on for hum¡d tropics 
12 Addltion of one r~¡onaí cooperation posltion for Eastern Africa 
13 Additlon 0# aoe positioo for land systems analysi$ 

19B4 
14 Addition of regional cooperation potltíon fur Central Ameries and Carlbbean 
15 Addition of regional cooperanoo position tor Brazil 
16 Addition of regional cooperatlon po$ition for SOuth Andean zone' 

1985 
17 Addition of posltion for program coordinator 
18 Addltion of posítion for program coordinator 
19 Oeletion of coe research posltion lo the Cerrado 
20 Addítíon of regíonal cooperation POlitlon far Central America and Caribbean 
21 Additlon of regional CQOperation positlon for Cerrado 
22 Addition of regional cooperarion :position ror Central America and Caribbean 
23 Addition of position for sead production $pe<:ialin 

1986 
24 Re!nstatement of headQuarters..f)Med ressarch position temporarily Jeleted in 1983 
25 Oeletion of ona research positioo in the Cerrado 
26 Addítloo of one regional eooperation position for Middle East 
27 Addition of one regional cooperation position for South Andeao zone 
28 Addltion of regional cooperanon positioo far Africe 
29 Addition of regional cooperation positiol"l for sub-tropiC5 of l..atln America 
30 Addition of one positloo for seed technologist 

1987 
31 Addition of position for the coordinadon of laboratory servJces: 

·1 -úl 
<O 
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is only cne link in a long chatn and hence, does not have overaU control 
over what wiU happen. Accordingly, the real situation may be significant­
ly different thaf"\ that projected. 

AIso, the projected dollar values for expected social benefits resulting 
from new technology are not the result of rigorous econometric modeHing. 
Rather, the figures presented here are best guesses and are meant to 
convey the order of magnitude of the expected results of CIAT's work in 
the decade of the eighties. 

The estimates of expected benefits resulting from CIAT's work are most 
conservative enes for the following reasons: first, the increased produc­
tion figures 0'1 which the social benefits are based assume very modest 
yield increases and relatively low adoption rates. Second, the estimates 
for net social benefits resulting from the increased production are 0'1 the 
low side; and final1y, it is assumed that the contribution of CIAT's work 
to the estímated net social benefits is but one-fifth of the total. Hence, 
the figures presented here are indicative of the mínimum levels of 
benefits that can be expected. 

8.2.1 Cassava 

lt is expected that cassava area planted in the world wHl continue to increase 
at the current rate of from 2-3% per year. This increase will be mainly an 
marginal areas with lower yield potential. However, with the use of 
improved technology yields should be maintained. The net increase in 
production due to area increase could be 0'1 the arder of 2-3 million 
taos of fresh cassava per year, with a 1981 value of some US$60-120 
million. 

lt is projected that in certain areas yields will be substantially increased 
and new areas brought into production using CIAT based technoIogy. For 
example, Mexico which currently produces very little cassava is expected 
to increase productian to cover 50,000 ha by 1985, and up to 500,000 ha 
by 1990, with an expected average yield of 15 tjha. This is equivalent 
to 23 millian dollars per year in 1985 and 230 millian dollars per year 
in 1990. In the Andean zone, particuIarly in Colombia, yields are 
expected to increase to 15 t;ha with a total increased value due solely 
to increased yields of sorne 45 milI ion dollars per year by 1990. 

In the Caribbean and Central American region it is difficult to predkt 
what may occur and where. Nevertheless, it can be expected that certain 
countries will íncrease both yield and area. The increased product value 
is estimated at more than 10 mUhon US dollars per year in this area 
by 1990. In 8razil yields are expected to increase to an average 15 t/ha 
with a =rresponding increase in value of 200 million dollars. 

¡ 
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In Asia, present production of cassava is close to 35 millton tons per year. 
Yields are high in Malaysía and India and it may preve to be difficult to 
increase these. However, there ís a large margin for increased yields 
in Indonesia, Philippínes, Thailand and Sri Lanka. If yields are increased 
to 15 t/ha in these areas then the extra value of cassava preduced wiU be 
appreximately 360 míllion dotlars per year by 1990. 

A conservative estimate is that by the year 1990 the value of the annual 
production increase in Latín Ameríca and Asía wi11 be approxímately 
750 million dollars. Assumíng that for the period 1982-1990 the average 
value of the production íncrease is en the order of 400 million dollars, 
and the estimate is made that the social net benefits are approximately 
10 percent of this value, it can be expected that the social benefit of 
cassava research and development efforts will be appreximately 40 
million dollars per year. 

8.2.2 Seans 

Since 1973 Sean Program activities have emphasized the production of 
improved lines which could replace traditional varieties in exístíng 
farming systems. Currently, a number of these lines are undergoing 
varíetal testing or seed multiplícatien prior to releas e by natienal pro­
grams. Increased yields and social benefits should begin to become 
evident by 1 983 • 

It is expected that the resulting more rapid output grewth wi11 ensure príce 
stability to the consumer, thus arresting the current trend of rapíd price 
increases. Additíonally, due to the focus of the Sean Program on low 
input technology and efficiency in fertilizer usage, yield increases are 
likely to have their greatest impact on the small farmer who is present-
Iy the principal producer of beans in Latin America. 

In terms of socíal benefits, it has been astimated that for the case of 
Srazil atone, an íncrease in yields of 33% to a modest 1 tjha over a 
12-year period wíll raise estimated annual social benefits frem bean 
research to 20 millíon dollars. Extrapolated to a11 of Latin America, this 
results in an average annual social benefit of at least 36 million dollars. 
If expected benefits in Eastern Africa are added, the total expected 
average yearly benefit are est\mated at 50 millien dollars. 

8.2.3 Tropical Pastures 

sy the end of the decade, the Tropical Pasturas Program expects te have 
developed well adapted and persistent pastures that could contribute to 
substantially increased preduction in the well drained savannas. Also, 
the Program will have completed the germplasm screening phase and will 
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have ídentifíed promisíng species and ecotypes for acid, infertile soHs 
of the poorly drained savannas and the humid tropics. 

Adoption of ímproved pasturas ts expected ro occur throughout the 
eighties, particularly during the second half of the decade. However, 
it is expected ro reach its full momentum only by the end of the '80s. 
Therefore, parttcularly sizeable increases in production would be 
observable in the 1990 s • 

preliminary estimates of the expected gross benefits of the adoption 
of improved pastures technology in savanna regions of 8razil, Venezuela 
and Colombia serve as clear indications of the profitability of investing 
social funds in pasture research. Assuming that adoption of improved 
pastures reaches almost ten percent of the savanna areas by the year 
2000 and is utilized by roughly 40 percent of the herd extstíng in these 
areas, annual gross benefits for the three countries mentioned above 
would average approximately US$500 minion per year during the period 
1982-2000. These benefíts are expected to be approximately equally 
distributed between the producer and consumer sectors. In addition, if 
such adoption lS obtained, approximately 15-20 millíon hectares of 
better solls will be liberated for horizontal expansion of crop production 
in these three countries. 

8.2.4 Rice 

It ls anticipated that new rice technology produced by CIAT in coUaboration 
with national programs wiU result in a yield increase of at least 1 t/ha in 
irrigated and favored upland rice in Latín America. Assuming that the 
areas planted to irrigated and favored upland rice will continue to grow 
at thelr respective present rates, it is expected that by 1990 lrrlgated 
rice will be planted on 2.3 million hectares, while favored upland rice 
wlll be planted on 1.6 mHllon hectares. Hence, the addltional rice produc­
tion in 1990 due to improved technology is expected to be of a magnitude 
of approximately 3.9 mililon tons. For the perlod 1982-1990, this 
translates into an average yearly additional production of 2.15 million 
tons (ofwhich1A millíon tons are mined rice, and 0.28 million tons are 
broken rice). The average value of thls additional yearly production is 
620 million dollars. It is not unreatistic to assume that the resulting 
social net benefits will be on the order of 10 percent of this value. 

8.2.5 Summary of Anttclpated Social Benefits 

Based on the discussion above, the estimated annual social benefits (1981 
US$) of improved production technology in the mandated areas for CIAT 
commodities ls as follows: 

I 
! 

I 
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Commodity 

Cassava 
Beans 
Tropical Pastures 
Rice 

Total 
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Annual Social Benefit 

40,000,000 
50,000,000 

500,000, 000 
60,000,000 

US$650, 000, 000 

If the very conservative assumption is made that the contribution of 
CIAT is but one-fifth of this total (the rest being due to the efforts 
by national agencies), we arrive at the following comparison between 
the annual average CIAT expenditures and expected social benefits 
(expressed in 1981 US doUars) for the decade of the eighties. 

Average Annual C lA T 
Expenditures 

US$22,000,000 

Average Annual SOCial 
Benefits 

US$130,OOO,OOO 

Even with the híghly conservative assumptions made in calculating 
these social benefits tt is c1ear that there are obvious and compelling 
advantages in continulng to support the work of a center such as CIA T 
through the decade of the elghties. 
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APPENDlX 1 

G,owth ,ates of the demand and supplv of toad in Latin American eount'; .. , 1966-1977 

--~-----_. 

Food Oemand 

Per Capita Income Total Food Food Pr-oduction 
Country Populationll Income& Elastlcitvb GrowthC Producdond by5mall 

Farrnend.e 
_.-~---

Me)(ico 3.5 2.8 0.51 4.8 4.0 1.8 

Caribbean 2.1 1.8 0.21 2.5 1.4 2.5 

Costa Rica 3.0 2.9 0.51 4.5 4.6 3.8 
El Salvador 3.3 1.8 0.62 4.4 3.9 4.3 
Guatemala 2.5 2.8 0.53 4.0 5.0 3.2 
Honduras 2.3 1.8 0.62 3.4 2.3 1.9 
Nicaragua 2.7 3.5 0.16 4.4 3.9 3.8 
Panama 3.1 3.8 0.52 4.1 3.4 2.1 

Centra! America 2.8 2.8 0.46 4.1 3.9 3.1 

Venezuela 2.9 2.2 0.40 3.8 4.6 2.2 
Bolivia 2.8 2.7 0.47 4.1 2.4 2.0 
Chile 1.9 0.6 0.44 22 2.8 2.2 
Colombia 2.6 2.1 0.51 4.0 3.4 4.2 
Ecuador 2.9 3.8 0.47 4.7 1.7 2.9 
PeN 2.9 2.5 0.62 4.5 U 1.1 

Andesn Countries 2.6 2.1 0.49 3.5 2.6 2.8 

Brazil 2.7 42 0.50 4.8 4.7 2.6 

Argentina 1.3 2.5 0:27 2.0 2.3 0.8 
Paraguay 2.8 2.1 0.47 3.8 3.7 2.2 
Uruguay 0.6 0.4 0.37 0.7 0.1 3.3 

River Plate Countries 1.3 1.9 0.30 1.9 2.2 1.6 

latín America 2.6 3.0 0.34 3.6 3.6 2.5 

--------- -~~~,-~-~~-~~--

al 196{}.1975. 

b/ E$timatGd 1rom the proportíonal w<elghts of average: coo5umptlon of vegetabte and animal products ano the FAO 
¡"come elastleities of dumand. 

el C<lleulated as d p + Ey V whcre d is ~ne rate of demand growth for foca, p {s ~he rate of populatlon growth. Ey j$ 

the ¡ncome elastieltv of demand for food, and y is the rate of ¡neome growtn. 

dI 1966-1977, 

el The $mall *armer CI'OP$ wcre deflnlild by th$ USO A IiIS malze (except in Argentina and Uruguay). dee (except In Co­
lombia), potatoes, SWfJi!t potatQe!l, cassava end pulses. 

Sourees: 
196&-70 data baaed on Economlc Reseereh Se/vice, "Agrieulture In the Amerlells: $ttttistlcal dato", PP. 1-6. (lO}. 
1911-77 <;Sata based on EconomJc.s, Statistlcs and Cooperatlves ServJce, lndlees uf Agrleultural Produetlon for tho 
Western H$mlsphere.1968-1977, (11i. 
The ¡neoma etastleltles of demand wero estlmetet1 from Food aOO Agriculwre Organlzadon of me Unlted Natlons 
(FAO). (16), 
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APPENDIX 2 

Nutrient availabilíty aOO requirements: Daily per capita calories 3nd grams 01 protein in mean national consumption, 1912 

Calarles Protein$ 

Country Availability RequiremenH Sl.Ipply as a Availabilitv Requlrements Supply as a 
Percentage of Percentage of 

Requirements Requirements 

--------

Mexieo 2081 2330 115 65.6 38.1 172 
Central Amerlea 2103 2280 92 55.0 35.6 154 

Caribbean 2453 2280 108 55.9 35.6 151 

Vemllzuela 2388 2430 98 62.6 38.1 171 
Tropical South 2193 2420 91 52.4 38.0 138 

Amenca3 

Brazil 2531 239Q 106 63.2 38.7 163 
Southern Coneb 3113 2630 118 93.8 38.8 242 

._---------------_. 

Source: Food and Agriculture Or9anizatlon of the United Natlons. Pr(lvhional Food BaJaneeShaets. 1972-74 Avor •• Aamo, 
1971, 

!I Bollvia, Colomb1a, Ecuador, Paraguay i!nd Perú, 

b Argentina, Chile, Uruguay. 



APPENDlX 3 

estimllted a pe"",ntages of the population consuming inadequate amounts of calori .. 
in varioos Latin American countrios (19731 

Countrv 

Hondur&$ 

Ecuador 

El Salvador 

Coiombia 

Dominican Repubtic 

Guatemala 

Srazi¡ 

Mexico 
Jamaica 

Perú 
Costa Rica 

Panama 

ChHe 

Uruguay 

Véneluela 

Below Minímun 
Caloric Level. 

(%1 

60 

70 

72 

61 
58 

69 
45 

34 
30 

53 
34 

51 

33 
33 
66 

8elow 90%01 Recommended 
Calarle Levels 

(%1 

50 
61 
61 

46 
44 

46 
31 

22 
21 
41 
20 

38 
10 

20 

47 

--_.~~-~._--~-~--------

Data are aV'ailabte from tho Food Balance Sheet! 01 f:AO 00 mean cblorlc consumptlon and FAO/WHO 
have made estlmate$ of ealorie reQulretnenu. Toe d!stribvtion of the popu1adon by calorlc consumption 
utlliZM ¡ncome distr¡butIon data 8nd the funetional relatlonshlp between calorle con$umptlon and In­
come. 

SOIJn::es: S, ReutUngar and H. Alderman. The P,ev,elence of Calorht Danelont Dktt$ In Oeveloplng eoun­
tries, World Ba/'lk Staff Working Papér No. 374. W;sshlngton. D.C" March 1980, pp 27 and 28; far furthar 
detaUs Sée S.Reutlinger afld M. Salowsky. Malnutritlon and Poverty: Magnlwdé .and Pallcy Optlons. Warld 
8ank Oecastonal Paper No. 23, John Hopkln., 1976-. 
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APPENDIX 4 

Sources of calorles by individual foods: 

Pe"",nt 01 total calori .. , 1972·74 

Country Sugar Mai"e Wheat Rice Cassava Potatoes 01ls Beans Seo' Meat 

Mex¡co 14,7 37.3 11,4 1.9 0,0 0.4 8,2 5.1 2,2 5.4 

Central America 16.1 36,0 7,0 5.6 0.8 0.3 8.6 4.6 2.2 5,4 

Caribbean 18,9 6.7 16,' 13.3 2.6 0,4 8.3 2,' 3.1 5.7 

Venewela 18.3 16,2 15,1 5.0 \.9 0.8 8.0 1.3 5.8 9,3 

Tropical South 

America 18.3 12.5 11,0 9,9 4,0 5.3 8A 1.1 3,6 5,6 

Solivia 12,7 18.8 19.2 4.9 4.3 10,3 6,9 0.7 3.7 6.9 

Colombia 24.6 12.9 5,7 12.5 3.7 3.6 7.1 0,8 4.3 5,4 

Ecuador 18.3 11.9 8,8 9.2 2,8 5.5 IDA 2.2 2.5 4.4 

P.", 14.8 9,3 18.1 8.6 2,8 9,3 9.9 1.5 1.9 4,7 

Paraguay 8.3 18,1 10,2 3.8 14.4 2.6 8.7 5,1 8.8 12.6 

Brazil 17.1 9.2 10.7 15,5 9.4 0,8 7.9 7.6 4.3 6.7 

Southern Cone 13.1 1.3 30,9 2.0 0.3 3.8 12,2 0,6 11.1 16,0 

Argentina 12.9 1.1 27,2 1.7 0,4 4.6 12,2 0,3 13.4 17.9 

Chile 13.3 1.7 42.9 2.4 3.7 9.2 \.8 3,9 6,2 

UruQUav 12.3 2.2 27.2 3.5 3.9 8,7 0.2 14.3 20.4 

Source: Food Ilnd AgrIcultura Organh::ation of tlle Unlted Notions, Provi$ional Food Balance Sh&4Jts, 1912-74, Reme, 1977. 

Note: Sinee notall foad cQmmodftles are Included, the columna wlJl not 'IIum aoros. to 100%. 



APPENDIX 5 

Sources 01 proteln. by individual foods: 

Perc.nt of total protein supp/ies, 1972·74 

Country Malle Wheat Rice Sea", 8eef 

Mexico 39.0 12.1 1.5 11.4 7.8 

Central America 35.7 7.5 4.7 12.1 9.1 

:::aribbean 1.3 18.5 10.9 2.9 5.9 

Venezuela 13.4 19.0 3.8 3.2 16.8 

Tropical South 

America 10.3 13.2 8.4 2.8 11.5 

Bolivia 16.6 21.7 3.7 1.7 10.6 

Colombia 14.4 7.0 11.3 2.4 14.7 

Ecuador 13.8 10.6 8.1 4.4 8.3 
Pe," 9.3 22.5 6.6 3.8 6.6 

Paraguay 17.0 10.0 2.5 12.0 19.8 

¡)ral'iI 8.2 11.4 12.2 20.1 13.8 

Southern Cone 1.1 28.5 1.3 1.4 29.8 

Argentina 0.8 23.3 1.2 0.6 34.4 

Chile 1.6 43.6 1.8 4.1 8.3 

Uruguay 1.6 23.1 2.3 0.5 28.9 

Source: Food and Agrlculture Organlzation of the UnJted Nations, Provisional Food Bal~tn(;e Sheeu, 1972-74, Rome, 
1917. 

"o~.: Sine!) no~ sl! food commodlties sra Includad, the column, wlll not lum a eroSl to 100% . 
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APPENDlX 6 

Food budget .U"""tion by commodity group in ten Andean eities, 1967419 

8readaod Potatoes 
City Incomes Seo! Milk Chicken Pork Aelated Wheat Rice- COm und Ory 

C8teg0ries8 PrQducts Similan VegrubIes 

! 'lb) 

B-ogot! o 11.3 10.2 o 0.1 9.6 0.8 5.7 2.S 10.9 1.5 
1 14.6 9.3 0.1 0.01 10.1 o." 6.1 1.0 11.2 2.1 
2 15.2 9.9 0.2 0.4 9.9 0.5 5.6 2.0 8.8 1.7 
3 14.6 11.1 1.3 0.3 8.7 0.6 5.1 1.0 a4 1.5 

• 12.1 10.S 3.0 1.3 7.8 0.3 2.3 1.0 3.4 I.S 

Bernmqullla o 17.8 9.3 0.2 o .• 6.7 0.1 11.1 l.' 6.0 1.8 
1 11.3 10,1 0.4 1.0 6.3 0.1 10.3 1.6 4.2 2.0 
2 18.0 10.2 0.8 0.8 6.9 0.1 9.2 1.5 a. 1.1 
3 19.1 10,$ 2.1 0.8 6.S 0.1 7.S l.' 3.0 1.9 
4 18.7 11.0 3." 0.0 6.9 0.3 6.3 1.2 2." , .• 

Cal! O 24,2 5.8 0.1 0.9 5.3 0.2 9 .• 2.2 M 5.6 
1 21.5 8.1 O •• 0.5 6.1 0.2 8.6 2.0 5.1 4 •• 
2 22.1 9.8 1.1 1.4 5.5 0.4 6.0 l." 3.8 3.9 
3 21.0 12,3 1.6 2.' 5.4 0.2 5.5 1.1 a3 ao 

• 16.9 13,0 3.0 2.5 6.2 0.3 4.S 1.1 2.2 2.3 

Medellln O 21.1 9." O 0.3 3.9 1.8 1.0 6.3 6.0 6.8 
1 21.6 11.1 0,02 0.7 5.2 0.2 5.1 4.7 6.0 5.0 
2 21.2 10.6 0.3 2.5 5.' 0.3 5.1 4.' 4.1 5.3 
3 18.8 12.3 D.6 4-. 6.0 0.4 4.2 3.3 a7 4 •• 
4 15.0 13.4 2.5 6.3 5.9 0.. 2.8 2.0 2.6 2.1 

Sentfflg~ O 10.2 6.' 2.0 0.2 16.B 1.2 2.' 0.2 4.1 1.8 
1 9.8 7.8 2.4 0.6 15.7 1.4 2.1 2.3 4.2 1.9 
2 9.0 8.1 3.3 0.5 13.1 1.1 1.9 0.3 a4 l.' 
3 9.3 8.7 4.5 0.7 12.1 1.0 '.1 0.2 2." 1.3 
4 5.5 1.3 3.9 1.0 9.7 0.6 1.1 0,03 1.2 0.7 

Quito O 8.7 8.1 0.5 0.4 9.8 0.8 5.7 2.7 1.8 0.6 
1 12.9 10.6 0.07 0.0 12.2 0.1 7.2 l." 7.4 0.5 
2 13.6 10.' 0.0 0.3 11.2 0.6 5.7 1.6 6.2 0.6 
3 15.7 13,3 2.0 0.1 10.9 O., 5.5 0.9 4.3 0.7 
4 14.1 14.1 2.0 1.3 9.0 0.6 3.7 0.1 3.0 0.1 

GUllvaqult O 14.0 6 .• O •• 0.2 9.0 0.0 13.9 1.1 3.3 l .• 
1 17.6 10,0 1.0 0.2 7.5 0.3 14.2 0.1 3.1 1.2 
2 18.1 11.B 2.0 0.3 7.1 0.3 12,4 0.2 2.8 1.9 
3 18.1 12.5 •• 3.1 O.S 6.6 0.2 10.1 0.2 2.4 1.8 
O 15.7 12.7 4.S 1.1 6.0 0.3 6.3 D.2 LO 1.5 

Caracas O 11.3 13.7 2.' 1.S 6.6 0.1 4.0 2.5 2.2 2.6 
1 11.3 13,8 3.' 2.1 6.0 0.1 3.3 0.1 2.6 3.1 
2 11.9 13.1 4.1 2.' 6.7 0.1 2.3 2.6 2." 2.3 
3 11.5 13,3 4.4 2.0 6.S 0.1 2.2 1.6 2.1 I.S 
4 12.5 13.2 4.3 2.8 5." 0.1 1.1 1.0 1.6 1.0 

Marecaibo O 9.0 17,8 3.4 l.' 7.8 O.] 4.1 4.0 l." 1.7 
1 10.6 18.2 3.6 2.1 1.0 0.1 3.7 3.S 1.7 2.0 
2 11,3 17.4 5.0 1.5 7.0 0.1 '.4 3.0 1.7 1.1 
3 11.6 18.2 "6 1.5 6.3 0.04 3.0 2.1 l.' 1.2 
4 11.9 18.4 1.S 2.6 6.6 0.1 2.' 1.6 1.6 1.1 

Lima O 22.8 10,5 2.8 0.3 8.' 0.2 5.6 1.2 3.1 0.5 
1 15.4 13.2 2.5 0.1 10.0 0.3 8.9 1.0 4.6 0.8 
2 17.3 12.3 4-1 0.4 9.2 0.1 5." 0.8 4.2 1.0 
3 17.0 11.4 4.8 0.3 8.0 0.2 5.5 0.7 3.4 0.6 
4 17.5 11.9 4.1 O., 6." 0.2 0.2 0.7 2.5 0.5 

a Famllv Im;ome Category Codo: Q: ().. 1025 (U.S. 001l8A); 1: 102&-1652; 2: 1653-2759; 3: 2760-4866; 4: More than 4866. 

Source: Survoy data frQm the ECIE L-Sf"oQklngs Jurva,! of COOJumpt!on parte"ns In Lfrtln American elthn. 



,o. 
."",,: ...-
ge.("\·'Co-~'" 
.(~got('l." 

' .. ..... 
V .. ..... 
C,,\cy.·'" C\Oo~~.do ""' ... 1:.9 

'f'\'f\'\ 
ott\e"" 

,<'" O""""" 
"ro" f-_'*' 
,,"'; 

-:2--;, .... 

'260 

'3' 62 
77 .. 

1 
11 

229 
,9 

,07 

3'4 
282 

32 

47 

sO 

514 
"5 

96 
50 

" 129 
63 

25 

78 

49 

'50 

91 

588 955 
273 396 
'315 '71 
1613 27. 

11 15 

413 469 
3 

23 
351 
36 

• 26 
400 

58 

'8' 229 

493 557 
443 

." 1 50 46 

,oe 152 

99 162 

992 1.360 
359 663 
1711 218 
114 181 

" 11 
221 241 
117 148 

51 92 

183 284 

119 175 

239 293 

161 229 

3.622 4.857 

'~Oe9 
455 
'60 
430 
2. 

467 
11 
2. 

320 
62 

250 

5e8 
516 
49 

183 

180 

1.712' 
74. 
258 
234 

'8 
28& 
199 

96 

396 

234 

338 

347 

1.319 

623 

300 

663 

530 
228 
1530 
32 

18 
28 

408 
72 

1.454 

1544 

324 

587 

624 
'SS 
6Te 
28 

24 
30 

4'4 
n 

-''''''''l11li 

1.568 

438 

864 
'4. 

S02 
83 

38 
2:3 

30e 
70 

<12.800.. 
31.59& 

MOr&th, 
~1.599 

~ 
589 :¿. '43 
'22 

E J .Ol$' 
93 ,. 

460 1.2( 

'9 
87 44., 
22 

2"2 133 
Ss 2. 

231 

1579 
64 638 

49 

33a 

528 

492 
33 

'82 383 
'OS 

458 460 

239 

2.058 

128 

497 

300 

369 

397 

919 
265 
306 
19 

296 
21S::! 

271 

268 

2.364 

'42 

522 

366 

4'6 

469 

1.051 
335 
331 
4, 

3'8 
2Ss 

329 

'''l. 
2~705 

T.420 
285 
395 
34 

306 
267 

433 

457 

636 

3.472 

1.830 
335 
64Q 
82 

372 
333 

2" 43" 

'03 
74, 

""88 

2. 730 
302 
742 ". 4,'3 

39a 

40S 
21 

1.969 ~ Oo.U \Oe1."'4 \'tQusB 

01" ",,- fOOO 1i)l(PE~S¡¡S 
5.807 

6.98S 
7.726 

184 

5e2 

392 

416 

810 

2n 

624 

863 

80s 

122 

25, 

'.2:35 

805 

99. 

,..,0" • .-
1'ou,\ EJtp6('1M1 

,00 
54 54 51 57 

__ , da OfRP"1l F4mIU.r. Oe.peso do Familias, Reglao V Rla de J I 
do N.c:\(w" • 406 ro, 1978. P.82 

. f\8o,t:.. ES'tv . 
SOutGe• 

54 
5. 

~----~-----.-----­
~-.--

8.477 

44 

.--"-.. ~ 

10.482 

3S 

'.02' 
'3.932 

11 



APPENDIX8 

D;et compo,ition and nutrient cost to the consumer for calor;es ;n the Brazilian Northeast, 1915 

Calorle$ Pe .. Percentage of Annual Cost to the Consumer of 
Food Categories Adult Unit tafones Maintainiflg Consumption 01 One 

Per Oay (%1 Hundred Calarles from Each Food8 

(Cruzeíros) 

C.real. anó Oerlvatlves 518 26.8 48 
Rice 242 12,5 42 
Carn 10B 5.6 3. 
Whaat Products 161 B.3 65 
Othert 7 O., 11. 

Tubers 496 25.7 23 
Potato 2 0.1 250 
F resh C<Jssava 13 0.7 46 
Cassava Flour 454 23.5 20 
Ot"ers 21 1.4 52 

Sugars 210 10,9 30 

Legumft$ 311 16.1 4. 
Field Seans aod Cowpeasb 280 14.5 44 
Othcr Legumes 31 1.6 3. 

Vegetabhn 10 0.5 520 

FruiU 35 1.8 157 

M.llt ~nd F Ish 119 9.3 246 
Beef 74 3.8 273 
Pork 46 2.4 126 
Chleken 13 0.1 462 
Canned Meat 2 0.1 250 
F¡sn 23 1.2 296 
Others 21 1.1 22' 

e ... 10 o .• 260 

MUk and Cheít$$ 67 3.5 142 

Olts and Fats 84 4,4 7. 

Bevet'qM 10 0.5 900 

TOTAL 1.930 100 76 

, Calculated from tne ENDE F data cn annuel expendlturf!$; per family by dividing thtie 8Kpenddu.-ft bV en estl­
mated 3.5 adult equtvalents In the mean famUv of tive and than dividing theu éxpend!tuffi, bv the numbw ot 
calurié$ per adult day. When multíplied by 100 these cost ar. thff ~ru:t.lro C0515 of obtalnl09 100 calorles/dav of 
each hum during the entlre year for une adt.ilt. Expenses on meal. ouulde tha hou$Ei were not itembed; henee, they 
could nut 00 <:ategorlzad. Huwever. they were onlv 5,7% of total foOO expendltures and WQuld probablv be biaslild 
towards the hlgh$Y qvality tond and bevorsges henee. thefr nmtulon would bias downward expendftuf'C data on hlgh 
qualitv fuods and beverages but not sub1ltantlaUy effect the eompart'Sons of the lów eoat ealode $tapies. Th. calcula­
tino 111 made in the foTlowing ma"oer: 

Expen1les/Farnily" Vear 
x lQO 

Expenses/Year 

Adu!t Equlvalent/Family Calorie5 100 Calarles/Dav 
Adult Equlvalent/Dav 

b Cowpea$ and 1jeld be<ln$ are glven the same Ponuguese word. Cowpeas predomJnéte In Northee$tern produetlon but 
fletd beons ;)re pre1erred bv urban consumers. Consumptlon ¡ji probably about equalty drvlded betwHn the two in 
the Northoast. 

SourC$~ Colc\ilated tram Fuodacao Instituto Braslletro dI): Geografia e E$tati$ticB (FIBGE), E,5tudo Nacional da Despasa 
Familiar. Oespasas das famlUM, Regleo V, Rlo de Janelro. 1978. p.82 eM FI8GE, Estudo Nacional da Despesa 
Farnillar, Consumo Alimentar AntropOrfH~trl •• Reglan V. Rio de Janeirn. 1978. p.21. 
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Annual expense. (Cruzoirosl by foad type for different income .trata in the North ... t Df Br.zó!, 1975 

Len than 4,SQo. 6.800.. 9.000' 11.300- 13.600- 15.800- 22.500- More than 
FOOO CATEGORIES 4,500 6,799 8.999 11.299 , 3.599 15.799 22.599 31.599 31.599 

(C r u z. I r o _l 

Cereals and Oerlv&tlves 27' 586 855 1.069 1.3t9 1,454 1.668 1.B03- 2.143 
Aice 1.31 273 396 • 55 530 .2 • 56' 569 60A 
Coro 62 135 171 160 228 195 14' 122 140 
Wneat Produc:u 77 '68 275 430 530 6'. 802 't.019 1.20. 
Othar. 5 11 15 2. 32 28 53 •• 190 

Tubers: 260 413 48' 461 523 544 438 480 442 
PQtato 3 5 11 16 2. .8 81 ,33 
FNtm Caueve 11 23 2. 24 2. 30 23 22 2' 
Cuuva Flour 22. 351 400 J20 408 414 JOS 282 182 
Otller Tubers ,. 38 58 62 72 71 70 88 106 

Sugan 107 181 228 250 300 32' 33. 3 •• 460 

L.egum. 31' 493 551 565 663 581 525 458 435 
Field BeanslCowpe .. 282 443 511 51. 51. 538 492 433 408 
Othar L.egum. 32 50 • 8 49 84 4 • 3. 25 21 

Vegetabie$ 41 105 152 183 231 211 32. 451 703 

Frults 50 98 152 180 239 268 391 538 741 

Mut and F¡sh 514 992 1.3&0 1.712 2.058 2.364 2.,7D5 3,472 4,.759 
S .. , 175 359 563 141 919 1.051 1.420 1.830 2.730 
Por!< 96 17S 21S 258 265 336 28S 335 30. 
Chlc:ken 60 114 181 234 306 331 39S 640 74. 
Canned Meeu 2 5 9 16 19 41 34 8. 114 
Floh 128 221 241 2 •• 296 318 30S 372 473 
Othe ... 63 117 14a 19. 252 288 261 333 396 

E ... .5 51 82 .6 12. 142 164 217 297 

Milk and Ch&fie 7a 183 2S4 3.6 497 522 582 824 1.235 

011, and F.u 49 119 175 234 304 368 392 5$3 a06 

aever.ge. 150 239 293 33a 389 41. 47. 805 894 

Food Out.ida the Hou'l. 91 181 229 347 387 469 570 72. 1.027 

TOTAL FOOO EXPENSES 1,9159 3.622 4,857 5.807 6.988 7~126 8.417 10.482 13.932 

Food Expen .... 100 64 64 ., 67 54 .2 44 38 17 
ToUI Expenses 

Sourt;a: FI8GE. Enudo N.c:lon.1 d" Cespella F.f"nllls", Oespesas dal ;:::emIll8s, Reglao V. Rio de Janelra, 1918. p.82. 



APPENDIX 9 

Diet composition, protein 500"'0', and protein unit cost to the consumer in the Sruilian Northeest, 1975 

Food Categories 

Cereals and Derill3tives 
Rice 
Coro 
Wheat Products 
Others 

Tubers 
Potatoes 
Fresh Cassava 
Cassava Flou. 
Others 

Sugar 

Legumes 
Cowpeas and Beans 
Other Legu mes: 

Vegetables 

Fruiu 

Meat and Fish 
8 .. 1 
Por. 
Chicken 
Canned Meats 
Fish 
Others 

Eggs 

Mil k and Cheese 

Oils and Fats 

8everages 

TOTAL 

Protein$ Per 
Aduft Unit 

Per Day 
tG-rams' 

13.20 
5.12 
2.81 
5.10 
0.17 

2.59 
0.05 
0.07 
2.11 
0.36 

0.08 

21.23 
19.09 

2.14 

0.40 

0.51 

18.04 
7.46 
1.69 
2.23 
0.13 
4.45 
2.08 

0.79 

3.43 

0.20 

0.51 

60.98 

Percentage of 
Proteins 

¡ %1 

21.7 
8.4 
4.6 
8.4 
0.3 

4.3 
0.08 
0.1 
3.5 
0.6 

0.1 

34.8 
31.3 

3.5 

0.7 

0.8 

29.6 
12.2 

2.8 
3.7 
0.2 
7.3 
3.4 

1.3 

5.6 

0.3 

0.8 

100 

Annual Qut to the Consumer of 
Maintaining Consumptkm of One 

Produetion per Day from Each Food 
{Cruzeiro$) 

19 
20 
14 
20 
49 

45 
100 
86 
43 
39 

789 

6 
6 
6 

130 

107 

24 
27 
34 
26 
38 
15 
23 

32 

28 

310 

177 

24 

Source: F leOE. EstudQ Nacional da Oespesa Familiar. ConsUmo Alim9ntaf An"tropometria. Reglan V, Rlo de Janalro* p.21 
and FIBGE. Estudo Nacfonal da Despesa FarnlHar, Oespesas das FamlUas, Reglt;to V, Rio de: Janelro. 1978. p. 82. 
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APPENDIX 10 

GROWTH RATES OF DEMAND AND PRODUCTlON OF FOOD IN THE lATIN 
AMERICAN COUNTRIES 

-

. OEMANO 
GROWTH 

RATE 

-ECUADOR 

1966 -1977 

MEXICO 

-NICARAGUA 
El SALVADOR: 

CENTRAL AMERICA 
BOLIVIA. PANAMA. • 

COLOMBIA-
• GUATEMALA 

_ VENEZUELA 
PARAGUAY 

LATIN AME RICA ANDEAN COUNTRIES. 
HONDURAS. 

_ CHILE 

• ARGENTINA 

FOOO 
PROOUCTION 

~----~1~----~2~-----3~----~4~----~----~6 GROWTHRATE 



APPENDIX 11 

Agricultural r •••• r.h .xpenditur ••• nd .xpenditures on res •• rch M a percentage of the valu. 
of .gricultural product, by region. 1965 to 1974 

Region 

Western Eu rape 

Eir$tern Europe & USSR 
North Americs & Oceanla 
Africa 

Asia' 
Latin America 

Total 

1 Excludlng ChIna 

Sour<:e: BOYCé. J. and R. EVénson (1975) 

Total annuai expenditures 
(mimons of 1971 

constant US$} 
1965 1971 1974 

407 671 733 
627 a18 861 

a06 1203 1289 
114 139 141 
356 610 646 

73 146 170 

2383 3568 3841 

Percentage of total 
research expenditures 

to valúe of 
agricultural product 

1965 1971 1974 

1.4 2.0 2.2 
1.5 1.7 l.a 
1.9 2.6 2.7 
1.3 1,4 1.4 
1.2 1.8 1.9 
0.6 1.1 1.2 

I 



APPENDIX 12 

Research and extension manpower resources relative to tlle value 
uf agricultural producto 1951 tu 1971 

Regían 

Western Europe 
Eastarn Europe & USSR 
North America & Oceania 

Latio America 

Affica 

Asía1 

Western Europe 
Ea$tero Europe &. USSR 

North Amarica & Oceanla 

Latin Amerita 

Aldea 
Asia' 

1 Exd\.ldlng China 

"Quality Adjusted<> 

scient¡st/man~years per 10 mllllon 

dollan agricurtura~écp:cr::::od::::u:::e:!t __ ~_ 
1951 1959 1965 1911 

- «« •• ·ln coflstant 1971 US DoUars - •••• ~ , 

0.85 0.94 0.89 0.91 

0.22 0.39 0.10 0.86 

0.91 1.90 1.11 1.10 

0.26 0.26 0.33 0.34 

0.46 0.46 0.55 0.63 

0.58 0.89 0.84 0.92 

Exten$ion workers per 10 

miUíon dollars agricultural product 

7.36 7.14 1.71 

3.75 3.33 3.64 

3.24 4.29 9.05 

29.46 53.16 63.89 

41.30 47.76 53.31 

Source: Boyee and Evnnsoo (1915). Table 1.6 



APPENDIX 13 

METHODOLOGY USED FOR PROJECTIONS 

OF BUDGETS IN LONG TERM PLAN 

Operatlons 

Budgets for the research programs ancl units are assumed to increase in 
direct proportlon to the increased man-years. No account Is taken of 
whether the extra positions are for research staff, research support 
uníts 01' regional cooperation staff. This may be a ltttle generous sine .. 
regional cooperation staff are not expected to cost as much as a fuHy 
supported research scientist. On the other hancl no inereases are 
assumed for research support funetions other than when a senior staff 
is added (e.g., laboratory services and seeds); in those years the mcrease 
in probably overgenerous thereby compensating for other years when 
some increase may be needed. 

International Cooperation (excluding the regional cooperation persormel 
which are budgeted in the research units) ts assumed to increase by 
US$200,000 p. a. for increases in training and communication needs 
caused by the extra staff and the expanded regional cooperation activities. 

The Board of Trustees, Director General's office and the senior staff 
costs for the Controller and Executive Officer are assumed to stay 
constant. The other costs in the ControHer's office are assumed to 
inerease in proportion to the total senior staff. The other costs for the 
Executive Officer are assumed to increase in proportion to the head­
quarters based senior staff. 

General operating expenses are also assumed to increase In proportion 
to the headquarters based staff. 

Capital 

Budgeted and projected amounts for the years to 1985 have been adjusted 
to reflect the different pattern of senior staff íncreases in the long term 
plan. No major construction is anticipated at headquarters since most 
of the increases in senior staff are outposted, where it is assumed 
facilities will be províded by host institutions 01' rented. 

Capital funds for the normal equipment requirements of existing activities 
are assumed at US$500,OOO p.a. Addítional amounts are ineluded in the 
years when new senior staff are added. 




